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PREFACE

XIV. International Scientific Congress of Pure, Applied and Technological
Sciences was organized by Igdir University in collaboration with Rimar
Academy. The primary objective of this event was to compile and disseminate
valuable scientific knowledge and make a meaningful contribution to the
future.

A substantial number of researchers from both local and international
backgrounds demonstrated their interest in this conference. The scientific
committee meticulously reviewed the submissions and ultimately accepted a
select group of applicants—37 in total-of whom 31 were approved by the
scientific committee.

The core of this conference was the presentation of 26 full research papers,
while the remaining articles and research findings are set to be featured in
forthcoming issues of the MINAR Journal.

I would like to extend my sincere appreciation to all the contributors and
scholars who played an essential role in making this conference a resounding
success. Your dedication and valuable contributions are deeply respected and
acknowledged.

Editor-in-Chief
Prof. Dr. Ghuson H. MOHAMMED
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Synthesis of new hydrazones derived from 2,4-dioxothiazolidine-5-yl-acetic acid

Tahani W. Jihad *
Hyffaa Y. Hussien 2

Marwa Talal 3

© 2025 The Author(s). This
open access article is
distributed under a Creative

CommonsAttribution  (CC-
E BY) 4.0 license.

Abstract

Thiazolidinone is known for its varied biological actions, attracting the attention of researchers to investigate
its potential. This scaffold can generate numerous molecules with diverse structures and properties. We need
to undertake many steps to prepare new hydrazone molecules for our research. We initiate by reacting maleic
anhydride with thiourea, yielding 2, 4-dioxothiazolidine-5-yl-acetic acid (1). Methyl 2-(2, 4-dioxothiazolidin-
5-yl)acetate (2) was synthesised by combining the acid (1) with thionyl chloride in methanol. The reaction with
hydrazine 80% in methanol transformed the ester (2) into 2-(2, 4-dioxothiazolidin-5-yl)acetohydrazide (3). The
hydrazide (3) was further treated with different aldehydes in ethanol to provide the desired new N'-arylidene-
2-(2, 4-dioxothiazolidine-5-yl)acetohydrazide compounds (4-8). The technique sustains varying substituents,
leading to the separation of various products in diverse yields. The new hydrazones are useful precursors for
creating substituted heterocycles and other intricate structures in medicinal chemistry, which are important for
numerous pharmaceutical drugs. The synthesised materials characterization and structural elucidation (1-8)
were conducted using melting point measurement, chromatography of thin layer, FT-IR, NMR (*H and **C)
spectra. The proposed mechanisms for these reactions were examined based on these calculations. This research
sought to provide a thorough examination of recent studies, concentrating on a uniform group of 2, 4-
dioxothiazolidine-5-yl-acetic acid. It concentrates on the most promising substances found in the latest research,
together with their molecular targets and the underlying mechanisms.

Keywords: 2, 4-dioxothiazolidine, 2, 4-dioxothiazolidine Ester, Hydrazide, Hydrazone, Heterocyclic
Compounds.
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Introduction

Heterocyclic compounds are plentiful in nature and vary distinctly in size and complexity
[Shen et al., 2024; Biagiotti et al., 2021; Kumar and Goel, 2022]. These compounds are crucial
to the study of organic chemistry [Gupta et al., 2024]. Heterocyclic compounds may exist in
several natural and manufactured substances. According to estimates, over 85% of all chemical
species that show biological activity have at least one heterocycle [Ebenezer et al., 2022;
Gujjarappa et al., 2022]. When heterocycles are added to therapeutic molecules, parameters
including lipophilicity, polarity, toxicological profiles, and hydrogen bonding ability can be
changed, hence modifying pharmacokinetic and pharmacodynamic characteristics [de Araujo

etal.,2024].

Thiazolidine ring containing carbonyl moieties at positions two and four makes up
thiazolidinedione. Although there are multiple substitutions at positions three and five, the
alteration at position two most significantly alters the thiazolidinedione's structure and
characteristics [Ibrahim et al., 2023]. Rhodanine derivatives are created when sulfur
exclude oxygen from site 2, whereas oxazolidinedione derivatives are created when sulfur
exclude oxygen from site 1 [Chaurasyia et al., 2023; Lowther et al., 2023]. The
thiazolidinediones heterocyclic ring demonstrated significant antidiabetic efficacy.
Thiazolidinediones serve as effective agonists of PPAR-y, impacting the transcription of many
genes associated with glucose and lipid metabolism, along with the administration of energy
balance [Tilekar et al., 2022]. An essential heterocyclic molecule in the creation of novel

therapeutic medicines [Davidson et al., 2018].

Because of their versatility and diversity, thiazolidinediones exhibit have a variety of
pharmacological effects, involving those of anticancer [Ranjan et al., 2024], antiviral [Abid et
al., 2023], antimicrobial [Kajal et al., 2022], antioxidant [Sameeh et al., 2021],
antihyperglycemic [Fettach et al., 2024], anti-plasmodial [Long et al., 2021], anti-inflammatory
[Gharge et al., 2024], as inhibitors of alpha glucosidase [Arvind et al., 2021], aldose reductase
[Kharyal et al., 2022], COX [Liaras et al., 2018], PTP1B [Mahapatra et al., 2017], AI-2 quorum
sensing [Brackman et al., 2013], phosphoinositide-3-kinase g [Pomel et al., 2006], xanthine
oxidase [Begum et al., 2014], LPS-induced NO production [Rezaei et al., 2019], peptide
deformylase [Khan et al., 2016], tyrosinase [Arshad et al., 2023], other activities including
hypolipidemic activity [Kumar et al., 2022], beta-3 agonists [Hu et al., 2001], GPR-40 agonists
[Long et al., 2021], FFARI1 agonists [Darwish et al., 2016], neuroprotective [Taheri et al.,
2024], and PPARYy agonists/modulators [Latambale and Juvale, 2025].



Thorough research on thiazolidinediones produced a number of representative
compounds and patents. Thiazolidinediones remain to be researched for improved, reliable, and
potentially useful pharmacological agents due to their broad pharmacological profile [Ranjan

et al.,2024; Gupta et al., 2024].

Compounds with the imine group (>C=N-), known as hydrazones, are synthesised via the
condensation of hydrazides with reactive carbonyls [Altintop et al., 2012]. Schiff bases have
become important in pharmaceutical and medical chemical research, because of their biological
activities, which encompass anti-inflammatory, antibacterial, analgesic, antitubercular,
anticonvulsant, scavenging, anthelmintic, and anticancer capabilities. In the Schiff base
substance, the imine group can form hydrogen bonds with the active sites of cellular
components, so interrupting normal cellular activities. Hydrazones exhibit distinctive attributes

that render them a good choice for the synthesis of novel molecules [Lv et al., 2021].

This research covers the synthetic approaches of thiazolidinedione derivatives, various
synthetic methods for achieving the required regioselectivity, and methods that might improve
reaction conditions. We discuss changing the C5 position support in complex heterocyclic
systems. All of the reactions listed are equipped as possible with various reaction conditions in

terms of their derivatives scope, mechanisms and yields.
Experimental methods

All chemical substances were delivered from BDH, Fluka, Sigma-Aldrich, and were
employed with no additional purification. TLC analysis was performed on silica gel 60 Fass
aluminum pre-coated plates (Merck), using solvent system of ethyl acetate (EtOAc)-petroleum
ether (PE) (2:1) or (4:1). The stains were distinguished using UV light. Melting points of
materials were marked on a stuart (SPM30) apparatus and uncorrected. Infrared spectrum (FT-
IR) has been recorded at Mosul University (College of Sciences) using the Pye Unicom (SP
2000). NMR (*H and *C) spectra were measured at (400 and 100 MHz) respectively in (ds-
DMSO) using Bruker spectrometer at Al-Basrah University (College of Science), with the
internal standard (TMS).

Prepare of 2, 4-dioxothiazolidine-5-yl-acetic acid (1) [ZimenkovskKii et al., 2006]

A mixture of thiourea (11.4 g, 0.15 mole) and maleic anhydride (14.7 g, 0.15 mole) in
(100 mL) conc. HCI was refluxed for 2 hours and cooled. The mixture poured onto (100 g)

from crushed ice, filtered off and purified from water yielding a white precipitate in 75 % yield,



m.p. 168-169 °C, Rf= 0.43 (2:1), FT-IR vmax cm®: 3129 (OH), 3041 (NH), 2987, 2960 (CHo),
1748 (CO acid), 1716, 1661 (CO Imide).

Prepare of methyl 2-(2, 4-dioxothiazolidin-5-yl)acetate (2) [Sun et al., 2016]

Suspension of the acid (1) (8.75 g, 0.05 mole) in (100 mL) methanol was stirred and
cooled at 0 °C. Thionyl chloride (12 mL) was poured gradually over 15 min. The suspension
was warmed to r.t and stirred for another 7 hours, then evaporated under reduced pressure, until
the solution becomes cloud. Filtered off to get white crystals in 71 % yield, m.p. 118 °C,
Rf=0.68 (2:1), FT-IR vmax cm™: 3136 (NH), 2976, 2944, 2807 (CH2, CHs), 1754 (CO ester),
1781, 1675 (CO Imide).

Prepare of 2-(2, 4-dioxothiazolidin-5-yl)acetohydrazide (3) [Ayman et al., 2013]

The ester (2) (2 g, 0.01 mole) was suspended into (40 mL) methanol, hydrazine hydrate
(80 %) (1.28 g, 0.04 mole) was added with stirring for 24 h, TLC control was used to follow
the reaction proceeding. After that reduced pressure was used to evaporate the solvent, and
rinsed with methanol to obtain a white precipitate in 77 % yield, m.p. 154-156 °C, Rf=base line
spot (2:1), FT-IR vmax cm™: 3290 (CONH), 3265, 3211 (NH>), 3165 (CONHCO), 2985, 2904
(CH?>), 1665, 1634 (CO Imide), 1539 (CO NH). *H-NMR (ds-DMSO) Sppm: 3.31 (2H, d, CH>),
4.71 (2H, s, NHy), 5.97 (1H, s, CH), 9.51 (1H, s, NH), 12.30 (1H, s, NH ring). *C NMR (ds-
DMSO) dppm: 31.87 (CH2), 40.51 (CH), 149.95, 161.15, 161.69 (C=0).

Prepare of (E)-N'-benzylidene-2-(2, 4-dioxothiazolidine-5-yl)acetohydrazide derivatives
(4-8): General Procedure [Altintop et al., 2012]:

The hydrazide (3) (1.89 g, 0.01 mole) was dissolved in ethanol (10 mL), and (0.01 mole)
of aromatic aldehyde was added with stirring for 2 hours (TLC) control (EtOAc/PE) (4:1). The
producing precipitate filtered off and purified by recrystallization from 95% ethanol to obtain
the hydrazones (4-8).

Compound 4: (E)-2-(2, 4-dioxothiazolidin-5-yl)-/V'-benzylideneacetohydrazide:

Off white color, 81 % vyield, m.p. 212-213 °C, and Rf: 0.33. FT-IR vmax
cm™: 3458 (=NNH), 3181 (CONH), 3030 (CH Ar), 2989, 2934, 2865 (CH, CH>), 1682 (CO
Imide), 1646 (CONH), 1597 (C=N), 1451, 1489, 1512 (C=C Ar). 'HNMR (ds-DMSO) &ppm:
3.41(2H, d, CH»), 6.53 (1H, s, CH), 7.37 (3H, m, phenyl H), 7.71 (2H, m, phenyl H), 7.85 (1H,
s, =CH), 10.29 (1H, s, NH), 11.42 (1H, s, NH ring). **C NMR (ds-DMSO) dppm: 40.16 (CH>),
40.57 (CH), 127.01, 129.04, 129.48, 135.24 (C-Ph), 139.72 (=CH), 157.27 (C=0).



Compound 5: (E)-2-(2, 4-dioxothiazolidin-5-yl)-NV'-(4- methoxybenzylidene)
acetohydrazide:
White yellow color, 77 % yield, m.p. 165-167 °C, and Rf: 0.25. FT-IR vmax cm™: 3454
(=NNH), 3160 (CONH), 3009 (CH Ar), 2969, 2928, 2837 (CH, CH), 1684 (CO Imide), 1619
(CONH), 1600 (C=N), 1505, 1461, 1440 (C=C Ar), 1247, 1024 (C-O).

IHNMR (ds-DMSO) 8ppm: 3.76 (2H, d, CHy), 3.83 (1H, s, OCHs), 6.44 (1H, s, CH), 7.07
(2H, d, aryl H), 7.83 (2H, d, aryl H), 8.64 (1H, s, =CH), 10.12 (1H, s, NH), 11.41 (1H, s, NH
ring). *C NMR (de-DMSO) 5ppm: 40.38 (CHz), 40.59 (CH), 55.84 (OCHs), 114.86, 128.49,
130.45 (C-Ar), 139.60 (=CH), 157.31 (C-0), 160.99, 162.14 (C=0).

Compound 6: (E)-2-(2, 4-dioxothiazolidin-5-yl)-/V'-(2- hydroxybenzylidene)acetohydrazide:

Off white color, 72 % yield, m.p. 213-215 °C, and Rf: 0.20. FT-IR vmax cm™: 3491
(=NNH), 3134 (CONH), 2931, 2857 (CH, CHz), 1687 (CO Imide), 1616 (CONH), 1573 (C=N),
1525, 1486 (C=C Ar). 'HNMR (ds-DMSO) Sppm: 3.18 (2H, d, CH>), 6.42 (1H, s, CH), 7.00
(1H, t, aryl H), 7.41 (1H, t, aryl H), 7.71 (1H, d, aryl H), 8.15 (1H, d, aryl H), 9.01 (1H, s, =CH),
9.98 (1H, s, OH), 10.20 (1H, s, NH), 11.15 (1H, s, NH ring). 3C NMR (ds-DMSO) &ppm: 39.96
(CH), 40.59 (CH), 117.00, 118.66, 120.08, 131.30 (C-Ar), 133.71 (=CH), 156.26 (C-OH),
159.11, 163.27 (C=0).

Compound 7: (E)-2-(2, 4-dioxothiazolidin-5-yl)-V'-(3-nitrobenzylidene) a cetohydrazide:

Yellow color, 83 % yield, m.p. 180-183 °C, and Rf: 0.15. FT-IR vy cm’': 3464 (=NNH),
3197 (CONH), 3086 (CH Ar), 2928 (CHz), 1670 (CO Imide), 1629 (CONH), 1575 (C=N), 1439
(C=C Ar), 1526, 1347 (C-NO,). '"HNMR (ds-DMSO) Sppm: 3.17 (2H, d, CH>), 6.68 (1H, s,
CH), 7.83 (1H, t, aryl H), 8.34 (2H, dd, aryl H), 8.72 (1H, s, aryl H), 8.93 (1H, s, =CH), 10.50
(1H, s, NH), 11.71 (1H, s, NH ring). *C NMR (d¢-DMSO) &ppm: 39.96 (CH>), 40.58 (CH),
123.13,126.31, 131.13, 134.91, 135.70 (C-Ar), 139.02 (=CH), 148.66 (C-NO»), 157.05, 161.01 (C=0).

Compound 8: (E)-2-(2, 4-dioxothiazolidin-5-yl)-NV'-(2-chlorobenzylidene) acetohydrazide:

Yellow color, 79 % yield, m.p. 178-180 °C, and Rf: 0.44. FT-IR vyu cm': 3469 (=NNH),
3178 (CONH), 3068 (CH Ar), 2990, 2955, 2855 (CH, CH2), 1731 (CO Imide), 1666 (CONH),
1615 (C=N), 1601, 1565, 1466 (C=C Ar), 748 (C-Cl). 'HNMR (ds-DMSO) 8ppm: 3.26 (2H, d,
CH>), 6.62 (1H, s, CH), 7.44 (3H, m, C¢H4), 8.18 (1H, d, C¢H4), 8.99 (1H, s, =CH), 11.61 (1H,
s, NH), 11.77 (1H, s, NH ring). '*C NMR (d¢-DMSO) Sppm: 40.17 (CH.), 40.38 (CH), 128.09,
128.68, 130.68, 130.97, 133.70 (C-Ar), 135.16 (=CH), 158.80 (C=0).



Result and Discussion

A practical one-step process has used for the creation of 2, 4-dioxo-5-thiazolidineacetic
acid by combining (maleic anhydride with thiourea) in conc. hydrochloric acid (Scheme 1).
Since the hydrolysis may be affected in situ, the intermediate 2-(2-imino-4-oxothiazolidin-5-
yl)acetic acid was not separated. Acid (1) was turned into ester (2) through a reaction with
thionyl chloride in methanol, after which this ester (2) was hydrolyzed to hydrazide (3) at
ambient temperature in methanol using hydrated hydrazine. The target hydrazones (4-8) were
produced by the addition-elimination nucleophilic reaction of hydrazide (3) with the derivatives
of aromatic aldehyde (see Scheme 1). Our practical data and prior investigations in the literature
[Sayer et al., 1974; Zimenkovskii et al., 2006, Sun et al., 2016, Abbas et al., 2015] support a

tenable mechanistic pathway for hydrazone derivatives synthesis (4-8) (Scheme 2, 3).
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R=H, 3-NO,, 4-OMe, 2-Cl, 2-OH

Scheme 1: Synthetic pathway of hydrazone derivatives (4-8)

All compounds (1-8) had their structures verified by FT-IR analysis, *H and *C NMR
spectra. The produced acid (1) FT-IR spectrum revealed broad bands at 3129 cm™ that were
indicative of the acid hydroxyl group and a strong intensity band at 1748 cm™ that was attributed
to the C=0 group. In contrast, the ester (2) FT-IR spectrum revealed that the acid's OH band
had vanished, and the new carbonyl band at 1754 cm a feature of an ester was stretching more
frequently.

(Figure 1). The hydrazide moiety accounts for the vibrations of the newly detected bands at



3290, 3265, and 3211 cm™ in the IR spectrum of hydrazide (3). The IR spectra revealed novel
bands of absorption about 1573-1615 cm™, which correspond to the hydrazone C=N groups.

The *H NMR spectrum of hydrazide (3), exhibited signals for the hydrazide protons at
4.71 and 9.51 ppm. The signal from the -CH>- protons was detected at 3.31 ppm, while the NH
of the 2,4-dioxothiazolidine ring was noted at 12.30 ppm. The *H NMR spectra of hydrazones
(4-8), revealed two singlet peaks corresponding to the N-H and -N=CH- protons. The signal
from the -CH.- protons associated with the thiazolidinone ring was detected in the range of
3.17-3.76 ppm as a doublet peak. Additional protons for aromatic and aliphatic residues were
detected in anticipated regions (Figures 2-5).

Their C NMR spectra revealed the hydrazone carbon (=CH) signal around 133.71-
139.72 ppm. The signal from the -CH>- carbons linked to the thiazolidinone rings was detected
in the range of 39.96-40.38 ppm. Other carbons for aromatic and aliphatic residues were

detected in anticipated regions.

0
H\.—é” }L
| 0.—;1\ /.#-____, OH
| 1
- 5 | EE
=0 - R
3 2.
2 IIRUKER
5 i) ;
= 1| &
E ¢ [ H\—é
g 70+ 2 o= /hﬁ_/*‘ocm
3]
'_
60

10 2EOO 2200 Z800 Zaoo =000 1600 1z00 200
WV avenumber cm-1

Figure 1: Acid (1), ester (2) and hydrazide (3) IR spectra
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Conclusion

A newly designed 2,4-dioxothiazolidine derivatives were synthesised via condensation

methods. The synthesised molecules were characterized utilising FTIR, NMR ('H and '3C)

spectra and other controls. The physicochemical properties (solubility, melting point and

molecular weight) of synthesised compounds were determined. Notably, all products were

prepared using a simple workup, free of column chromatography. Future research may include

the extension of the materials library, enhancements in yield and methodologies, as well as

additional biological examination of the molecules.
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Abstract

Optoelectronics is an exciting field that merges electronics with optics. Devices in this domain have diverse
applications, including telecommunications, defense, healthcare, and automation systems. These devices are
capable of converting light energy into electrical energy when exposed to light. This paper studies I-V
characteristics (current dependence on voltage) of Si PIN photodiodes [BP104] and [BPW34] exposed to beta
irradiation in order to determined their viability in a radiation environment. Investigating the variations of these
characteristics of diodes such as output current, the maximum current and the maximum power, all due to the
exposure of the simulation of solar light systems. The I-V characteristics of these devices have been measured
before and after being exposed to beta irradiation (0,10,20 and 30 mGy) from source (%°Sr). The results show
that the maximum power (Pmax) Was decreased at high value of beta irradiation 20 and 30 mGy dosage. Beta
irradiation damage would decrease lifetime of the charge carriers, then would retreating of Jmax. For [BPW34]
photodiode the value of Jmax changed from 74.66 to 16.61mA/cm? when beta dose changed from OmGy to
30mGy under beta irradiation at illumination scale 1.175mW/cm2 .

Keywords: Photodiode, Beta radiation, I-V Characteristics, Solar Light.
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Introduction

Photodiodes are semiconductor devices that convert light into electrical currents. They
are also considered crucial components in many applications such as medical devices, radiation
detection systems as well as communication systems. But this performance can be affected by
exposure to radiation, degrading their functionality.

Types of radiation such as beta irradiation is relevant because of its presence in artificial
and natural environments [1]. It can impact photodiodes through mechanisms such as inducing
damage displacement in the semiconductor lattice, defects from the damage can function as
recombination centres for the charged carriers resulting in an increased rate of dark currents,
therefore a reduction in responsivity and deterioration in the overall performance of the
photodiode. Moreover, the effects from ionization caused by these bata particles can allow for
electron hole pairs to be produced [2]. This can lead to temporary changes in performance or it

can permanently be damaged from the high dosage of irradiation [3,4].

studies documented the beta irradiation impact on photodiodes. Berger et al. (2019) [5]
found that exposing photodiodes to beta radiation can cause currant leaks and noise, affecting
the SNR and sensitivity of photodiodes. Smith and Johnson (2021) [6] studied long term silicon-
based photodiodes, observing the degradation in the quantum efficiency caused by beta
irradiation. Research by Liu et al. (2018) [7] provided a deeper look at the photodiodes damage
and the threshold of this damage and the variation of beta particle energy types. Proving that
higher energy particles cause displacement damage that is more severe. This highlights how
important it is to have energy specific hardening strategies. Similar case would be Thompson
et al. (2020) [8] whom explored the beta irradiation effects on photodiodes used in applications
of space, accounting that the increase in dark currants induced by radiation caused a limitation
in deployment. A study by Gupta et al. (2022) [9] used materials that are radiation-tolerant. it
revealed that by incorporating these materials in the fabrication of photodiodes, the adverse
effects of beta irradiation were reduced significantly. the implementation of robust shielding

techniques was also recommended by them, allowing for radiation damage reduction.

The aim of this study was to investigate I-V characteristics of PIN photodiodes to beta
rays from *°Sr. Also, analysis of possible processes in photodiodes materials caused by
irradiation and their impact on the efficiency of PIN photodiodes was conducted.

Experimental Part
The experiments were carried out by Si PIN photodiodes [BP104] and [BPW34] which
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are manufactured by Osram. These photodiodes were irradiated with a beta source (*°Sr) , 60
kGy/h, a dose rate and energy of 0.546 MeV, half-life time 28.8 of years at a distance of 200
mm away from the radioactive source. In a controlled environment, all irradiation
measurements were done in the Nuclear Laboratory at Department of Physics, College of

Science, University of Baghdad.

By investigating the effect of beta irradiation first on the I-V characteristics for PIN
photodiodes under illumination scale 2.15 mW/cm? and 1.175 mW/cm?, the simulation of solar

light was performed by a lamp of 60 Watt.

As can be seen from Fig.1, the photo diode circuit consisted from changeable resistance,
A professional digital millimetre Uni-T Millimetre 39A in series connection to measure the
currents. Also, a voltmeter was linked to the output resistance to measure the voltage. The tests
done for different doses of g irradiation O (only light), 10, 20,30 and 40 mGy. all measurement

uncertainty was less than 1.65%.

Figure 1. Photodiodes Circuit

Results and Discussion

Fig.2 illustrated the effect of different beta irradiation dosages (0,10,20 and 30 mGy) on
the 1-V Characteristic of photodiode BP104 under two illumination levels (2.15 &1.175
mwW/cm?).
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Figure 2. 1-V characteristics of photodiode BPW34 under beta irradiation at illumination scale
a.2.15mwW/cm? & b.1.175mwW/cm?, 16



It is predictable that the output characteristics were increase as the doses increased, but a
small increased in these characteristics (at 10mGy) possible the explanation might be attribute
to the realty that under processes of fabrication structural defects and impurities product tension
in the crystal lattice. The irradiation interaction with photodiode materials is similar to
annealing, relaxing the structure of lattice then decreased the series resistance, finally this would

rise the efficiency.

The I-V characteristics measurements after beta irradiation (20 &30 mGy) expose decay

in the electrical properties of photodiodes.

The interaction and collisions of electrons (beta radiation) and atoms of the crystals which
depends on the energy of these electrons causes damage and it could produce vacances,
interstitials, and other types of defects. These defects could change in the characteristics of the

photodiodes, by reduce the lifetime of minority carrier [10-13].

The unfavorable effects of bate radiation was recognized at the two illumination levels
(2.15 &1.175 mW/cm?), as can be seen in Fig. 2.

The Fig.3 preset the effect of different beta irradiation dosage (0,10,20 and 30 mGy) on
the I-V Characteristic of photodiode BPW34 under two illumination levels (2.15 &1.175
mW/cm?)
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Figure 3. 1-V characteristics of photodiode BPW34 under beta irradiation at illumination scale

a.2.15mwW/cm? & b.1.175mW/cm?,

It has been found that the increases in current at 10 mGy dosage of beta irradiation but its
reduction at 20 and 30 mGy dosage of beta irradiation can be contributed to recombination of
holes-electrons before brought to the interface area which is known as charge yield so the effect
of higher doses decreased. The charge yield relies on the electric field and the type of ionization

particle.
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The efficiency of light collection in PIN diodes is affectedly minimal
by radiation damage, but leakage current is critical to displacement damage in the slightly doped
intrinsic region. In silicon materials, the displacement damage caused by irradiation produced
many defeats in crystal lattice such as vacancies, interstitials, divacancies, and defect clusters.
These defects would create an energy level inside energy gap of the material, this caused

lowering lifetime of charge carriers so that the photo current would be reduction [14].
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Figure 4. maximum power for a. photodiode BP104 and b. BPW34 under beta irradiation

Such case is depicted in Fig.4 the maximum power (Pmax) was decreased at high value of
beta irradiation 20 and 30 mGy dosage for the two different level of illuminations. As can be
seen from Fig.5 the impact of beta dose for different illumination levels on the Jmax. The
degradation of Jmax due to beta irradiation damage would decreases lifetime of the charge
carriers, this produces retreating of Jmax[15,16].
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Figure 5. maximum current for a. photodiode BP104 and b. BPW34 under beta irradiation

Conclusion
The components used the most in optical information processing and communication

systems are photodiodes and solar cell, and that is because of the large area application. By
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being exposed to the many effects of radiation including contaminated environments such as
natural spaces, atmospheric environments and nuclear military sights. Irreversible damage in
the material of photodiodes occurred due to a strike of beta radiation particles within the atoms
of the crystalline lattice. This resulting defect which degraded the transportation of the
photodiode material and, minutely the life time of the minority carrier. The decrease in
maximum power (Pmax) and maximum current (Jmax) for photodiodes was gradually with the
increase of the irradiation dose. Based on the results, irradiation effects could in some cases
have a positive impact on the I-V characteristics. Primary advancement of characteristics
noticed at small doses of beta irradiation and low illumination levels, shows that there is a

chance of using irradiation for the improvement photodiode quality.

19



Reference:

[1] Irfan FetahoviT, MiliT PejoviT, and Milo§ VujisiT “Radiation Damage in Electronic Memory
Devices” International Journal of Photoenergy,VVolume 2013.

[2] A. Holmes-Siedle and L. Adams, Handbook of Radiation Effects,Oxford Science, 1993.

[3] B. M. Al-Shabander, N. B. Naji and I. M. Ali “Effect of gamma and beta radiation on -V
characterization of the solar cell panel” RADIATION EFFECTS & DEFECTS IN SOLIDS 2018,
173, NOS. 11-12, 996-1003

[4] H.l1.Jaffer and B.M.Alshabander “Calculation the mass attenuation coefficient of beta-particles
through Polyvinyl chloride” Iraqi Journal of Physics2010,8,12,51-53.

[5] Berger, A., et al. (2019). "Impact of Beta Irradiation on the Electrical Properties of Photodiodes."
Journal of Radiation Effects, Research, and Engineering, 37(2), 123-135.

[6] Smith, D., & Johnson, P. (2021). "Long-Term Degradation of Silicon Photodiodes Under
Continuous Beta Irradiation.” IEEE Transactions on Nuclear Science, 68(4), 456-462.

[7] Liu, J., et al. (2018). "Energy-Dependent Beta Irradiation Effects on Photodiodes." Semiconductor
Science and Technology, 33(11), 115004.

[8] Thompson, R., et al. (2020). "Beta Irradiation Effects on Photodiodes for Space Applications.”
Journal of Spacecraft and Rockets, 57(3), 679-689.

[9] Gupta, N., et al. (2022). "Radiation-Tolerant Materials for Photodiodes: Mitigation of Beta
Irradiation Effects." IEEE Photonics Journal, 14(2), 450-458.

[10] Loncar, B., Stankovi¢, S., Vasi¢, A., & Osmokrovié, P. (2005). The influence of gamma and X
radiation on pre-breakdown currents and resistantce of commercial gas filled surge arresters,
Nuclear Technology & Radiation Protection, Vol. XX, No. 1, pp. 59-63, (2005), ISSN 1451-3994

[11] Lon¢ar, B., Osmokrovié, P., Vasié¢, A., & Stankovié, S. (2006). Influence of gamma and X radiation
on gas-filled surge arrester characteristics, IEEE Transactions on Plasma Science, Vol. 34, No.
4, pp. 1561-1565, (2006), ISSN 0093-3813.

[12] Lon¢ar, B., Osmokrovi¢, P., Vujisi¢, M., & Vasi¢, A. (2007). Temperature and radiation hardness
of polycarbonate capacitors, Journal of Optoelectronics and Advanced Materials, Vol. 9, No. 9,
pp. 2863-2867, (2007), ISSN 1070-9789

[13] R. I.Noori, H.A. Mahdi, Ma.Da.Abdullah, K. A. Jasim “ Analyze the Structure and Electrical
Properties of PbBr,Cal.9Sb0.1Cusz08+6 Superconducting Gamma Irradiation” Journal of
Physics: Conference Series 2754 (2024) 012014.

[14] R. Lj. Radosavljevic and A. 1. VASI “Effects of Radiation on Solar Cells as Photovoltaic
generators” Nuclear Technology & Radiation Protection 2012, Vol. 27, No. 1, pp. 28-32 (2012)

[15] Vasi¢, A., Osmokrovié, P., Vujisi¢, M., Doli¢anin, C., & Stankovié, K. (2008). Possibilities of
improvement of silicon solar cell characteristics by lowering noise, Journal of Optoelectronics
and advanced Materials, Vol. 10, No 10, pp. 2800-2804, (2008), ISSN 1070-9789

[16] A. M. Ali, R.E. Mohammed, I.M. Ibrahim “Comparative Study of Gamma and Beta Rays Exposure
Effects on Manganese Sulphide Thin Films for Solar Cell Applications” IRAQI JOURNAL OF
APPLIED PHYSICS,19,1 21-28.

20



""The Effect of Selenium Deficiency on Thyroid Function and Thyroid Peroxidase (TPO)
Activity in Thyroid Disorders"

Baraa Ahmed Saeed *
Mohanad Luay Jawhar 2
Ahmed Abdulraheem lbrahim Dahy 3
Noor Kareem Kadhim *
Anwer Jaber Faisal ®

© 2025 The Author(s). This
open access article is
distributed under a Creative

CommonsAttribution  (CC-
= BY) 4.0 license.

Abstract

Background and Aim: Selenium is an essential trace element that plays a critical role in thyroid function, particularly
in the activity of Thyroid Peroxidase (TPO), an enzyme vital for thyroid hormone synthesis. Hypothyroidism, often
associated with selenium deficiency, is a prevalent thyroid disorder. This study aimed to investigate the effect of selenium
on TPO activity and thyroid hormone levels (T3, T4, and TSH) in individuals with hypothyroidism, comparing them to
healthy controls.

Methods: The study included 80 participants: 40 healthy individuals and 40 patients with hypothyroidism and selenium
deficiency. Blood samples were collected from healthy participants (relatives and friends) and hypothyroid patients
(specialized hospitals in Baghdad, Iraq) between January 2025 and April 2025. Thyroid hormone levels (T3, T4, and
TSH) were measured with Roche-Cobas C411, atomic Absorption Spectroscopy (AAS) for selenium concentration
measurement, and TPO activity was measured using Coulometric assay.

Results: There were notable distinctions between the control group and the hypothyroid individuals. Patients with
hypothyroidism exhibited significantly lower levels of T3 and T4 and higher levels of TSH compared to the control group
(P<0.01). Furthermore, compared to healthy persons, hypothyroid patients had significantly decreased selenium levels
and TPO activity (P<0.01). This research provides more evidence that hypothyroidism is associated with selenium
insufficiency, decreased TPO activity, and poor thyroid hormone production.

Conclusion: The study highlights the critical role of selenium in maintaining thyroid function and TPO activity. Selenium
deficiency appears to exacerbate hypothyroidism by impairing TPO activity and thyroid hormone production. These
results suggest that selenium supplementation could be a potential therapeutic strategy for managing hypothyroidism,
particularly in selenium-deficient populations.

Keywords: Selenium Supplementation, Thyroid Peroxidase, and Hypothyroidism.

d http://dx.doi.org/10.47832/MinarCongress14-3

1% 1bn Sina University of Medical and Pharmaceutical Sciences, Baghdad, Iraq baraahmed1986@ibnsina.edu.ig
https://orcid.org/0009-0005-5785-4343

2

Ibn Sina University of Medical and Pharmaceutical Sciences, Baghdad, Irag muhandjohar@yahoo.com
https://orcid.org/0000-0003-2126-3937

3

Ibn Sina University of Medical and Pharmaceutical Sciences, Baghdad, Iraq ahmad.dahy@ibnsina.edu.iq

4 Ibn Sina University of Medical and Pharmaceutical Sciences, Baghdad, Iraq noor.kareem@ibnsina.edu.ig

https://orcid.org/0000-0003-0737-0867
5

Iragi Center for Cancer and Medical Genetic Research, Mustansiriyah University, Baghdad, Iraq
anwer.jaber@uomustansiriyah.edu.iq _https://orcid.org/0000-0003-3002-9085

21


http://dx.doi.org/10.47832/MinarCongress14-3
mailto:baraahmed1986@ibnsina.edu.iq
mailto:muhandjohar@yahoo.com
https://orcid.org/0000-0003-2126-3937
mailto:ahmad.dahy@ibnsina.edu.iq
mailto:noor.kareem@ibnsina.edu.iq
https://orcid.org/0000-0003-0737-0867
mailto:anwer.jaber@uomustansiriyah.edu.iq
https://orcid.org/0000-0003-3002-9085

Introduction

The condition known as hypothyroidism, also known as an underactive thyroid, happens
when the thyroid gland, a small butterfly-shaped gland in the front of the neck, does not produce
enough thyroid hormones to meet the body's needs. These hormones control how the body uses
energy, which impacts the function of almost every organ, including the heart (Chiovato, et al,
2019).Thyroid peroxidase facilitates the chemical reaction that incorporates iodine into the
protein thyroglobulin, an essential process in synthesizing thyroid hormones (Zhao, et al, 2022).
Thyroid hormones are crucial for controlling the body's growth, brain development, and
metabolic processes. Thyroid peroxidase is a common epitope for autoantibodies in
autoimmune thyroid illness, referred to as anti-thyroid peroxidase antibodies (anti-TPO
antibodies). This is primarily linked to Hashimoto's thyroiditis. Consequently, an antibody titer
can evaluate disease activity in patients who have produced these antibodies (Godlewska, et al,
2019). One of the chemical elements is selenium. Selenium is essential for cellular function in
many animals, including humans, yet even modest levels of elemental selenium or (particularly)

selenium salts can be poisonous and cause selenosis.

Diarrhea, lethargy, hair loss, joint pain, fragile or discolored nails, nausea, headache,
tingling, vomiting, and fever are the symptoms that can be experienced, listed in decreasing
order of frequency. An individual's selenium levels are influenced by their unique traits, dietary
habits, and the soil makeup of their specific geographical region. Scientific investigations into
this micronutrient's function in the immune-endocrine system, metabolism, and cellular
homeostasis have shown its critical importance in recent years (Gorini, et al, 2021).
Selenoproteins, which include selenium, are present in high concentrations in the thyroid gland.
The thyroid's antioxidant defence consists of a number of selenoproteins, some of which
remove oxygen free radicals produced during hormone production. Selenium is involved in the
metabolism of thyroid hormones and is a key component of iodothyronine deiodinases (Conrad,
et al, 2020). This study sought to examine the impact of selenium on TPO activity and thyroid
hormone concentrations (T3, T4, and TSH) in persons with hypothyroidism, relative to healthy

controls.
Material and methods
Subjects and study design

This study focuses on the effect of selenium on the activity of Thyroid Peroxidase enzyme

in individuals with thyroid disorders (hypothyroidism). The study included 80 participants, 40
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of whom were healthy, and the other 40 suffered from thyroid diseases and selenium deficiency.
Blood samples from healthy individuals were collected from relatives and friends, while blood
samples from the unhealthy group were collected from specialized hospitals in Baghdad, Irag.
The samples were collected between the October of 2024 and the December of 2024. Thyroid
hormones (T3, T4, and TSH), selenium levels, and thyroid Peroxidase enzyme activity were
measured for all blood samples from healthy and unhealthy individuals. The scientific
community of Ibn sina University of Medical and pharmaceutical Sciences, Baghdad, Iraq
ethically approved the study.

Sample Collection and Serum Preparation

Twenty milliliters of blood were obtained from forty patients diagnosed with
hypothyroidism and selenium deficiency and forty healthy persons. The serum was produced
utilizing tubes devoid of anticoagulants. The blood samples devoid of anticoagulants were
allowed to coagulate at room temperature for 30 minutes. After coagulation, the serum and
blood cells were separated using centrifugation at 3000 revolutions per minute for 10 minutes.
The transparent liquid component of the serum was meticulously transferred into new, labelled
tubes utilizing a pipette. Prior to additional analysis, the serum samples were stored at a

temperature of -80°C.

Laboratory analysis of selenium levels, thyroid peroxidase enzyme activity, T3, T4, and
TSH biomarkers

T3, T4, and TSH Measurement

A closed-system laboratory kit and the fully automated device Developed by Roche, the
Cobas C411, were used to measure T3, T4, and TSH levels in both the control and patient
groups. Immunoassays make use of electrochemiluminescence (ECL) measurements. One
method that employs this approach is an electrochemical reaction to produce light. When an
analyte is present, a chemical response sends off a light signal that may be detected and

measured. The brightness of the light depends on how much of the analyte is in the sample.
Selenium levels Measurement

Selenium levels in the lab are typically measured using various analytical techniques to
determine the selenium concentration in blood samples. Atomic Absorption Spectroscopy
(AAS) measures light absorption by selenium atoms in a sample. The sample is atomized in a

flame or graphite furnace, and light absorption at a specific wavelength is measured.
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Thyroid peroxidase enzyme activity Measurement:
Coulometric assay

Activity of the enzyme was measured using the coulometer. The sample absorbance was
measured at 505 nm using Apple, a visible spectrophotometer made in Japan. Specificity,
Egyptian Biotechnology Business's thyroid peroxidase kit with a reference activity range of
240-480 U/L was utilized.

Colorimetric Standard Curve Preparation

A substrate solution (12.5 mM H202) was formulated by combining 5 pyL of 0.88 M
H202 substrate with 347 uL of assay buffer. The solution was well mixed by pipetting
(vortexing is not permitted), then aliquoted and stored at -20 °C. The diluted H202 substrate
remains stable for one day at 2-8 °C and for one month at -20 °C. A substrate solution (0.1 mM
H202) was formulated by combining 10 pL of the 12.5 mM H202 substrate solution with 1240
pL of assay buffer. Hydrogen peroxide standards were created in individual wells of the 96-

well plate as outlined in Table 1.

Table 1. Preparation of Colorimetric H202 Standards

0.1 mM
well H202 Assay Hz0:2
Substrate | Buffer | (nmol/well)
Solution
1 - 50 pL 0
2 10 pL 40 pL 1
3 20 pL 30 pL 2
4 30 pL 20 pL 3
5 40 pL 10 pL 4
6 50 pL - 5
1.5 4 H,0, Standard Curve:
Colorimetric
1 4
B
8 /
0.5 1
y =0.121x + 0.0688
0¥ : : . v : :
0 2 < 6 8 10 12
H,0. (nmol)

Figure 1. Typical Colorimetric Standard Curve
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The optical density (A) was measured from the Standard Curve Reaction (Figure 1). AOD
was determined by subtracting the Blank value from the other standard values. AOD was plotted
against standard concentrations, and the slope of the H202 standard curve was derived using

linear regression. The change in absorbance (AA) for each sample was calculated.

AA = Afinal — Aunitial

The AA to the H202 Standard Curve was applied to get B nmol of H202 generated by

peroxidase in the given reaction time. Peroxidase Activity (nmol/min/mL or mU/mL) =

B
TxV

x DF

where
= H-0: amount from standard Curve (in nmol)
= Incubation time (minutes)

= The sample volume added into the reaction
well (mL)

DF = Sample dilution factor (DF = 1 for
undiluted Samples)

Statistical Analysis

Group effects on research variables were identified using the Statistical Analysis System-

SAS (2018) software. In this investigation, the means were compared using a T-test.
Result

Hormone levels (T3, T4, and TSH), selenium levels, and thyroid peroxidase activity were
found to be significantly different between the control group and patients with hypothyroidism,
as shown in Table (2) and Figure (2). When comparing the groups of individuals with
hypothyroidism disease with those without, the control group showed a significantly higher
increase (P<0.01) in hormone levels (T3 and T4). Table (2) shows that, in contrast, the biggest
significant increase (P<0.01) in TSH level was seen between the control group and the patients'

group with hypothyroidism problem.
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Table 2. Comparison between control and patient groups in T3, T4, and TSH conc.

Means £SE
Group
T3 (ng/dl) T4 (ug/dL) TSH (Nmol/L)
Control 144.17 +£26.04 8.87 £0.29 2.095 +0.16
Patients 28.50 £2.65 2.22 +0.18 9.27 £0.37
T-test 52.117 ** 0.679 ** 0.809 **
P-value 0.0001 0.0001 0.0001
** (P<0.01).

Additionally, the control group showed the most significant increase (P<0.01) in selenium
and thyroid peroxidase activity compared to patients with hyperthyroidism, as shown in Table
3 and Figure (2).

Table 3. Comparison between control and patient groups in Selenium and Thyroid peroxidase activity

Means £SE
Group
Selenium (pg/L) Thyroid peroxidase activity (I1U/mL)
Control 109.80 £3.55 26.90 £0.79
Patients 20.65 +1.83 6.70 £0.59
T-test 7.963 ** 1.985 **
P-value 0.0001 0.0001
** (P<0.01).
30
25
20
15
10
5 I
0 I .
Contraol Patients
ET3 ET4 TSH Selenium B TPO

Figure 2. Comparison between control and patient groups in T3, T4, TSH, Selenium concertation, and

Thyroid peroxidase activity.
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Dissection

Tables 2, 3, and Figure 2 demonstrate substantial changes in the levels of hormones (T3,
T4, and TSH), selenium, and thyroid peroxidase (TPO) activity between the control groups and

the patients with hypothyroidism. The statement suggests these differences.

A pair of thyroid hormones produced by the gland are triiodothyronine (T3) and thyroxine
(T4). When the thyroid gland is not working properly, a condition known as hypothyroidism
develops. This leads to lower-than-normal levels of T3 and T4 in the blood. The pituitary gland
generates a crucial hormone called TSH, or thyroid-stimulating hormone. This hormone starts
the synthesis of T3 and T4 thyroid hormones. Usually, the pituitary gland increases TSH
levels—which are raised in hypothyroidism—when it tries to stimulate an underactive thyroid
to generate more hormones. Van Uytfanghe et al. (2023) show that this typically results in
greater TSH levels. Selenium is a trace element and a component of various selenoproteins that
support thyroid function. Selenium shortage occurs when the body lacks selenium, a trace
mineral needed for many biological processes. Selenoproteins are taken in as selenium and used
in thyroid hormone metabolism, immunology, and DNA synthesis. Fernandez-Lazaro et al.

(2020) support selenoprotein antioxidant capabilities.

In order for TPO to work properly, selenium helps to keep the chemical environment just
right. What makes this compound important is that it is bound to selenoproteins, which are
proteins that contain antioxidant enzymes like glutathione peroxidase. Enzymes like the ones
we're talking about here prevent cells, particularly thyroid cells, from suffering oxidative stress
caused by free radicals. Oxidative stress occurs when the body's antioxidant defenses are
inadequate in comparison to the amount of free radicals. The cells are damaged and a number

of diseases are exacerbated by this imbalance.

According to Islam et al. (2023), the thyroid gland has one of the highest selenium
concentrations in the body. Glutathione peroxidase (GPx) protects the thyroid gland from free
radicals (ROS) created during thyroid hormone production. Deiodinases, selenium-dependent
enzymes, regulate peripheral tissue T4-to-T3 conversion (Radomska, et al., 2021). Thioredoxin
Reductase An enzyme that maintains cell oxidative balance. Low selenium levels may impair
deiodinase enzyme activity, reducing T4-to-T3 conversion and active T3. Oxidative stress in
the thyroid gland may worsen cell damage and reduce T3 and T4 synthesis. Sabatino et al.
(2021) agree that negative feedback processes cause high TSH levels as a compensatory
reaction to low T3 and T4. Selenium deficiency may worsen hypothyroidism, especially in

autoimmune conditions like Hashimoto's thyroiditis. These findings match that research. TPO,



or thyroid peroxidase, is crucial to thyroid hormone synthesis. It iodinates thyroglobulin, which
produces T3 and T4. TPO activity may decrease with oxidative stress. The thyroid needs
selenium for oxidative equilibrium (Godlewska, et al., 2019). Hashimoto's thyroiditis may
increase TPO antibody production with selenium shortage. Winther et al. (2020) say these
antibodies impair TPO function, aggravating hypothyroidism. Low selenium levels lower T3
and T4, raise TSH, and inhibit TPO. Due to increased oxidative stress and decreased T4-to-T3
conversion, selenium deficiency may aggravate hypothyroidism. lodine is needed for T3 and

T4. Goiter results from inadequate iodine; the thyroid gland enlarges (Kohrle, et al., 2023).

Insufficient iodine can cause hypothyroidism, which causes fatigue, weight gain, dry skin,
and cold intolerance. Selenium is important for thyroid function because glutathione peroxidase
and deiodinases convert T4 to T3 and protect the thyroid from oxidative damage. Selenium
insufficiency reduces T4-to-T3 conversion, increasing hypothyroidism risk. Selenium
insufficiency may increase iodine deficit because it is needed for metabolism, according to
Triggiani et al. (2009).

Selenium controls immune responses in Graves' disease and Hashimoto's thyroiditis.
Selenium deficiency raises autoimmune thyroid disease risk. Zuo, et al. (2021) suggest that
selenium may improve thyroid function and lower thyroid autoantibodies, specifically TPOAD,
in Hashimoto's thyroiditis patients. Oxidative stress and inflammation may aggravate Graves'
disease with selenium deficiency. Common complications include Graves' orbitopathy (GO),
an immune system attack on eye tissues. Selenium is needed for ROS neutralization and
oxidative stress reduction by glutathione peroxidase and thioredoxin reductase (Gorini, et al.,
2021). Oxidative stress causes immune system responses including inflammation. Selenium
impacts macrophages, T-cells, and B-cells. Balance the immune response to prevent
autoimmunity and inflammation. Selenium'’s regulation of pro-inflammatory cytokines (e.g.,
IL-6 and TNF-a) and promotion of anti-inflammatory cytokines may support a balanced
immune system, as shown by Gholizadeh et al. (2021).

Conclusion

Selenium is crucial for sustaining the optimal chemical environment for Thyroid
Peroxidase (TPO) to function effectively. Selenium facilitates TPO's function in thyroid
hormone synthesis by mitigating oxidative stress, safeguarding thyroid cells, modulating
immunological responses, and optimizing iodine usage. This highlights the significance of
sufficient selenium consumption for healthy thyroid function, especially in those with

autoimmune thyroid disorders or selenium shortage.
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Abstract

Pseudomonas aeruginosa bacteria's remarkable capacity to form biofilms in various settings hinders the
effectiveness of antibiotic treatment, leading to the development of chronic infectious diseases. Pseudomonas
Quinolone Signal (PQS) is thought to form a worldwide regulatory network that regulates the expression of up
to 12 percent of the P. aeruginosa genome. This study obtained one hundred twenty clinical samples from
wounds and burns. To confirm the identification, the VITEK 2 compact system and the housekeeping gene
(16S rDNA) were used, a biofilm formation test was performed according to the microtiter plate method, and
the presence of quorum sensing genes (pgsA, pgsB, pgsC, pgsD, pgsk, and mvfR) were detected using a PCR
technique. In this study, fifty isolates belonging to P. aeruginosa were identified, twenty isolates were selected
to detect PQS genes, and only 11 isolates contained all genes essential for the PQS system. The pgsB gene is
found in all isolates chosen, while the mviR gene (master regulator) is found only in 16 (80%) isolates. Among
the 50 P. aeruginosa isolates tested, there were (80%) of isolates as biofilm-forming microorganisms, and
(20%) of isolates were not biofilm producers; among the P. aeruginosa biofilm producers, (25%) of isolates as
strong, (55%) of isolates as moderate and (8.4%) isolates identified as week biofilm producer. P. aeruginosa
isolates, which were strong biofilm, could produce all the genes related to the third quorum sensing system
(PQS); this indicates that the QS system has a significant role in biofilm formation.
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Introduction

Opportunistic bacteria such as Pseudomonas aeruginosa can cause pneumonia,
septicemia, and other potentially fatal infections in humans [1]. According to research, most
healthcare-associated infections in intensive care units across Europe are caused by

Pseudomonas aeruginosa [2].

P. aeruginosa bacteria's remarkable capacity to form biofilms in various settings hinders
the effectiveness of antibiotic treatment, leading to the development of chronic infectious
diseases. Biofilms support bacterial growth by enabling adaptive mechanisms, including the
synthesis of signaling molecules that regulate biofilm behavior and the activation of genes
responsible for antimicrobial resistance, allowing bacteria to adapt and withstand industry-
developed antimicrobial agents [3,4]. Utilizing the quorum sensing system, P. aeruginosa
regulates various physiological functions. and group activities. Bacterial cells use quorum

sensing by producing, detecting, and responding to diffusible tiny signal molecules [5].

The Pseudomonas quinolone signal (PQS) constitutes a quorum sensing (QS) system that
is based on quinolone compounds that activate many virulence genes through 2-heptyl-3-
hydroxy-4-quinolone [6]. It is connected to the LysR-type transcriptional regulator PgsR.
Around 12% of the P. aeruginosa genome is thought to be regulated by a global regulatory
network that PQS establishes. Three genes, pgsABCDE, pgsH, and phnAB, make up the PQS
synthesis cluster [7,8]. Frequently referred to as MvfR, the PgsR receptor controls PQS
production [9]. The QS regulator dependent on AHL controls the expression of PgsR [10].

This study aims to investigate the function of Pseudomonas quinolone signal (PQS), the
third quorum sensing (QS) system, in the multi-cellular developmental processes associated

with the biofilm formation of P. aeruginosa.
Materials and methods
Isolation and Characterization of P. aeruginosa

One hundred twenty clinical samples from wounds and burns were obtained during this
study; samples were collected between February 2020 to June 2020. Following the
manufacturer's instructions (Biomerieux, France), bacterial samples were characterized
biochemically, applying the VITEK 2 compact system GN to validate the identity. Molecular

identification was accomplished by utilizing the housekeeping gene (16S rDNA), the precise
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primers and annealing temperature, the sequences, and the predicted amplicon size (16S
rDNA).

Detection of biofilm formation

The microtiter plate method was employed to conduct the biofilm development test
[11,12], and the Results were classified according to absorbance into three categories: strong,
moderate, and weak as recorded to their mean, > 0.453, 0.425-0.400 and < 0.345 respectively
[13].

Isolation of genomic DNA and identification of PQS genes using PCR (Polymerase Chain

Reaction)

DNA extraction kit (G-spin DNA extraction kit) was employed for DNA extraction from
P. aeruginosa isolates according to the manufacturer’s guidelines (Intron Biotechnology). Gel
electrophoresis and nanodrop at 260/280 nm were employed to measure the quantity and quality
of DNA. Genes involved in quorum sensing (pgsA, pgsB, pgsC, pgsD, pgskE, and mvfR) were
detected using a PCR technique.

Primer’s preparation and selection

The current study examined the PQS system (pgsA, pgsB, pgsC, pgsD, pgsk, and mviR).
The freeze-dried PQS primers were reconstituted in deionized water to reach 100 picomoles
per liter final concentration, which was used to make a stock solution. The stock was held at
minus twenty degrees Celsius to prepare a ten pmol/L concentration, which was used to suspend
the work primer. To get the final volume (100 L), 10 L of the stock solution and 90 L of DdH20
water were added, and the primers sequence of pgsA, pgsB, pgsC, pgsD, pgsk, mvfR, and 16S
rDNA that used in PCR amplification [14].

Results
Isolation and Characterization of P. aeruginosa

In this investigation, 50 P. aeruginosa isolates were collected. The majority of these
isolates, 28 out of 50 (56%), were obtained from infections caused by burns. Of the 50 P.
aeruginosa isolates, 22 (44%) were obtained from wounds. 64 biochemical reactions were
utilized in the VITEK 2 compact System (BioMerieux France) to identify P. aeruginosa isolates

positively; a 95% identification probability was achieved for all P. aeruginosa isolates. Using
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16S rDNA, fifty isolates of P. aeruginosa were genotyped; the predicted amplicon size for these
isolates was 1,250 bp. (Figure 1).

L.adder
1500 1250 bp

e D D S B Y W S S Y e

Figure 1. 1x TBE buffer was utilized for a duration of 1 hour and 30 minutes; ‘N’ signifies the DNA
ladder; the PCR product, which exhibited a band size of 1,250 bp, was electrophoresed on a 2% agarose

gel at a voltage of 5 volts/cmz,

Pseudomonas Quinolone Signal (PQS) system detection

Twenty strains of Pseudomonas aeruginosa were chosen to assess the presence of the
PQS signaling system., consisting of pgsA, pgsB, pgsC, pgsD, pgsk, and mviR genes. Results
showed that 12 out of 20 (60%) were positive for pgsA, all 20 (100%) for pgsB, 19 out of 20
(95%) for pgsC, 15 out of 20 (75%) for pgsD, 18 out of 20 (90%) for pgsE, and 16 out of 20
(80%) for the mvfR receptor. Detailed findings are presented in Table 1.

Table 1. The proportion of isolates exhibiting positivity for PQS genes

PQS genes No. of isolates (20) Percentage (%)

pagsA, 12 60%

pasB 20 100%

pgsC 19 95%

pgsD 15 75%

pask 18 90%

mvfR 16 80%
pasA, pgsB, p:ij'; pasD, pgsE ‘11 550
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Biofilm formation Detection

Among the 50 P. aeruginosa isolates tested, there were 40/50 (80%) isolates as biofilm
producers and 10/50 (20%) isolates that were not biofilm producers, the P. aeruginosa biofilm
producer, there were 10/40 (25%) isolates as strong, 22/40 (55%) isolates as moderate and 8/40

(8.4%) isolates identified as week biofilm producer, results are presented in Table (2)

Table 2. Relationship between specimen type and biofilm formation

Specimen Formation of Biofilm
e Strong absorbance Moderate absorbance Weak absorbance Non
Burn 6 12 6 4
Wound 4 >0.453 10 0.425-0.400 2 <0.345 6
Total 10 22 8 10

Table 3. Association between P. aeruginosa biofilm formation and PQS genes

Biofilm forming )
Isolates number N PQS gene production
ability
al, palb, pa35, pad2, pad3, pa28, pal,
pat.p P P P P P Strong MVIR, pgsA, pgsB, pasC, pasD, paskE
pa5, pa32, pa23
al4, pal8, pal7, pal9, pa7 pal0, pall,
P P P P parp P Moderate mviR, pgsA, pgsB, pgsC, pgskE
pa22, pa26
Pal2, pa33 Weak pgsB, pase
Pal3 Non pgsA

Discussion

Most P. aeruginosa isolates were derived from burn infections, accounting for 28 out of
50 cases (56%), indicating that P. aeruginosa is prevalent in hospital settings. Infections
resulting from contaminated burn wounds are among the most frequently spread infections in

hospitals and are associated with high mortality rates.

As illustrated in Figure (1), the molecular identification through the 16S rDNA

amplification protocol for P. aeruginosa indicates that 16S rDNA serves as a housekeeping
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gene, widely recognized as the definitive taxonomic benchmark for elucidating the
phylogenetic relationships of bacterial species[15]. According to Caltoir et al. (2010), the PCR
technique requires less than an hour and a half to produce results, and it is both specific and

sensitive for detecting bacteria such as P. aeruginosa, in contrast to traditional methods [16].

Table 1 shows that PQS genes were found in all twenty P. aeruginosa. The pgsB gene,
categorized as a 3-oxoacyl-(acyl carrier protein) synthase, facilitates the conversion of
anthranilate to 2-heptyl-4-quinolone (HHQ) through the incorporation of -keto decanoic acid,
and it was identified in all selected isolates. Meanwhile, the mvfR gene was found in 16 (80%)
of the P. aeruginosa selective isolates. In P. aeruginosa, mvfR (PgsR) serves as the main
regulator of PQS production, and a recent transcriptome study of mvfR revealed that
approximately 55% of mvfR-dependent genes are also governed by AHL QS. Only 8 isolates
exhibited deficiencies in producing the pgsA gene, which encodes anthranilate-coenzyme A,
an essential component in the biosynthesis of PQS.

As shown in Table (1) only 11 isolates contain all genes that are required for the PQS
system, while the other (9) isolates were shown to have a defective production of one or more
pgs genes; it is worth mentioning that these isolates may be exposed to a different mutation in
any of these genes that results in the elimination of alkyl quinolone production, which may

subsequently down-regulate several virulence genes.

The PQS system is a conduit between the las and rhl quorum sensing systems. The
compound 2-heptyl-3-hydroxy-4-quinolone, commonly known as Pseudomonas quinolone
signal, acts as a vital signaling molecule within the pgs system (PQS) [19]. This pgs system
plays a significant role in modulating the physiology of P. aeruginosa by differentially
regulating approximately 141 genes, many of which are also influenced by the las and rhl
systems [20]. The biosynthesis of PQS necessitates the expression of multiple genes, including

those within the pgsABCDE, pgsH, and PgsR operons.

As shown in Table (2) P. aeruginosa displays a significant capacity to create biofilms in
many settings, which hinders the effectiveness of antibiotic therapies and contributes to the
development of chronic infectious diseases [21]; Vasiljevic et al. (2014) reported a similar result
when 97.55% of their P.aeruginosa isolates were biofilm forming [22], Al-kubaisy (2018) had
found out all of his six isolates having strong ability to form biofilm [23]. Emami et al. (2015)
observed that 70% of P. aeruginosa isolates exhibited biofilm production [24]., but Heydari
and Eftekhar (2015) found that 43.5% of P. aeruginosa burn isolates produced biofilm [25].

In Table (3), P. aeruginosa, which was a strong biofilm, could produce all the third

quorum sensing system (PQS) related genes understudy; this is an indication that the (QS)
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system plays a crucial role in the production of biofilms. QS is responsible for almost 10% of
genes in bacteria, including many genes participating in biofilm development and dispersal;
they may not be involved in the attachment and the initial biofilm growth [26]. P. aeruginosa
uses biofilm to resist antibiotics; biofilm-producing microbes pose a challenge for antimicrobial
treatment due to their resistance. Hence, novel methodologies are required [27]. The negatively
charged exopolysaccharide in the biofilm limits the entry of positively charged antibiotics [28].
The population of bacteria in biofilms exhibit antimicrobial agent resistance; biofilms are found
to be 100 - 1,000 times less sensitive to the antimicrobial agents than their plankton
counterparts, and infections caused by biofilm-forming microbes, including P. aeruginosa, are

stated to be impossible to be treated [29].

In Table (3), the P. aeruginosa isolates, which were moderate biofilm producers, could
produce PQS-related genes except for the pgsD gene; several authors published data facilitating
the function of quorum sensing, particularly the Rhl quorum sensing system in P. aeruginosa
biofilm development [30-32].The P. aeruginosa isolates characterized as weak biofilm
producers exhibited the capacity to express only two PQS-related genes. Notably, these isolates
demonstrated a deficiency in the mvfR gene, which encodes the transcriptional regulator
essential for PQS biosynthesis. Existing literature indicates that PQS is integral to the
facilitation of biofilm development [33]. The PQS signaling system is integral to regulating
virulence factor production, including the maturation of biofilms; consequently, interference
with this quorum sensing (QS) pathway has been proposed as a potentially effective virulence
control strategy [34]. One approach to mitigating microbial infections emphasizes QS
inhibition, particularly with biofilm-associated pathogenicity [35]. In summary, the findings of
this study reveal a connection between the PQS system and biofilm formation in P. aeruginosa.
The biosynthetic genes pgsABCDE were identified in all 20 selected isolates, with the mvfR
gene highlighted as a crucial regulator of PQS biosynthesis. PQS is a critical link between the
las and rhl QS systems and is essential for biofilm development. Therefore, PQS operates as an
intercellular signal in P. aeruginosa, extending beyond AHL. Notably, P. aeruginosa isolates
exhibiting strong biofilm formation were found to express all the genes associated with the third
quorum sensing system (PQS) under investigation, underscoring the vital role of this QS system

in biofilm development.
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Introduction:
Let A(q) be the set of functions h(z) where
1 (]
hz) = 5+ Xz Qg2 Og+x = 0 1)
g € N, which are meromorphic multivalent in the alsog-valent
E*={z€C:0< |z| <1} =E/{0}.

Definition 1 :For h(z) in the (1) , Bernardi's integral operator is

1 < P —¢q
p [R(2)] ——q+z (q+x+ ” ) aq+qu+x (2)

x=1
Where p >q,z€E”*

Definition 2 :For all L € N, U /{0} we have

D" (L +q-1)! (L +)
(g— D!

© p—q (g+x)! L
+; (Q+X+P)<(q+x—L)!> aq+qu 3

Whereq > L ,0q4, 20

(L, h@])" =

Definition 3 : The function h(z) defined by (1) belong to the class £, (a, B8,&,v) if

2(Ly (W) (L+a

(Ly [h2])" <5 @
2y ) 7] [ e T
(Lp [h@1) (Lp [R@])

Where0 <a<00<pf<10<y<é<1,{>az€EE"
Moreover if zh'(z) € H, (a,f,¢,y) then h(z) EM, (a,B,¢,v)

Let T be the subclass containing functions of the form

42



1 0]
h@) = — - Z Gz GENGr 20 (5)

The classes H, (a,B8,¢,v) and M}, (a, 5,¢,y) are obtained intersection T with classes
My (a,B,§,y) and My, (a,B,8,7) -

Coefficient Estimates:

THEOREM F1 : A function h(z) defined by (5) in the class H}, (a,B,¢,y) if and only if :

(g +x)!
Z () () 16+ 201+ 8) + 288(a+ x = L) + aB(a+1 )] agox

< B¢ —a)( L+q)
(g—1)!

(6)

Where 0 <a<00<f<10<y<&<1,6>aze€E"

PROOF :Let h(z) € H} (a, B,&,y) , then (4) holds true , so we have :

z(Ly [ h(z)])“1
(L, h))" +(UL+q)
z( L, h())L+1 2(L, [h(x)])" "
L, h(z)) +allL+q)|+y (Lp[h(z)])L +(L+9

2(L, h@D" + @+ q)(L, [h()])"

) P —q (Q+x)' ) +x— L
2 (G35 7r )((q+x—L 1) (X F 20)0q2

<B

26 [2( 1, @) "+ @)( Ly W) ]

+y [Z(Lp [h(z)])L iy L+q(L, [h(z)])L ] [a — 2¢] (= 1()0, (Ll-)|-' Q! o

T

ta(l +q) +y(x +2q)] ag,z9 b

Since Re (z) <|z| forall z, it follows that :
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( 2¢ [2( L, [h(2])" " all + (L, [1(2)])" | )

+y [Z(Lp [h(z)])L +1 + (L + q)(Lp [h(z)])L ] [a — 2¢] ( 12L (Ll-ll- Q! I
Re q—1) >

o P—¢ (g +x)!
- Lax=1 (q+x+ p )((q+x—L )!)[Zf(q+x—L )
+a(l +q) +y(x + 29)] gzt L

<B

After considering the values of' z on the real axis and letting z — 1-, we get

C (g+x)!
Z (q+x+p )( G+x—1L )!)[(x+2q)(1+yﬁ)+2€,8(q+x—L)+a,8(L+q)]qq+x

< B(2§ —a)(L + q)!
(g—1)!

x=1

Conversely, suppose (6) holds and |z| = 1| , Then, we have:

|2( Ly (@D + @+ (L [h@)) ]
2¢|2( L, h@D)" " + all + Q) (L, (h(@])" ]
ty[2(Lp h@D) "+ @+ Ly h@])" ]

In accordance :

N P —q (g + x)! e
_Z <q+x+p)((q+x—L)'>(x+2q)aq”Zq "

=1 ( 1)L (L+q.) _L+
[a — 2¢] =D L+q)
5|_S P—a (q+ x)!
_xz_1 <q+x+p ><(Q+x—L )!>[Zf(q+x—L Y+a(ll +q)
+y(x + 2q)] Qqyrz¥ L
<0

For |z | <r<1;condition (9) is bounded above by
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SZ( i )((q(_lc_}:f)L)J[(X+ZCI)(1+)/ﬁ)+2€,8(q+x—L)+aﬁ(L+q)]qq+x

BRE-)(L + q)!
ECE

Therefore h(z) € H*, (a,p,¢,7).
COROLLARY 1: If h(z) € H*, (a,B,&,¥) then
Agix < R(X)

p(2¢ —a)
(x+29)(1+yp) +2§p(q+x—L) +af(L+q)

Re) = (FE )[(q”—L (L + g)!

p—a /| G@+0l@-D! 7

Where 0 < a<0,0<f<1,0<y<é<1,E>a,z€E"

THEOREM 2 : h(z) € M, (a, B,€,v) if and only if

> — !
3 () () 20 s+ -0 st

Ba(2§ —a)(L + q)!
(g— D!

(8)

PROOF :Let h(z) € M}, (a,p,¢,v) Therefore h '(z) € Hy, (a, B,€,7)

Let g(z) = zh'(z) Therefore we have

L+1

z(L, [9(2)])

—+L+q)
(L, [9@) i < O
2 Z(L”[g(z)])L +all+q|+y z(Ly [9@2)]) +(L+q
(Ly [9(D]) (L, [g@])"

Now consider
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From (9) and by Re(z) < | z | . After considering the values of' z on the real axis and

letting z — 1-, we get

(g+x—L)!

Ba(2§ — a)(L + g)!
(g—1)!

C !
Z (cix1s )(“f”)(q”) ) [ +20)(1 +7B) +266(q +x — 1) + aB (L + @] dgen

Hence we get (8)

Now we can prove the converse

COROLLARY 2: If h(z) € M}, (a,8,£,v) then
Qgex < B(x)

Where

B(x)

:(Q+x+p)(q+x—L)!(L+q)!” Ba(2§ — a)
P —q (@+x)!(qg— D! (x+29)(q+x)1+yB)+2§p(a+x—L)+aB(L +q)

Growth And Distortion Theorem:

THEOREM 3 :If h(z) i€ M (a,B,&,¥) then

114 1%
| -1z < m@i < ||+ 1z
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where

R(1)

-

o)

X

=1

1+q+ p)[(1+q—L)!(q+L)!l Bp(2¢ —a)
P —¢q 1+q9!(g—1)!

PROOF : h(z) € H} (a,B,¢,y) ifandonly if

1+29)(A+yp)+28p(1+qg— L) +af(q+L )l

g+x+p\[(@+x—L )L+ q)! B2¢ — a)
@ arx < ( P—q ) (@+x)!(g— D! l (x+2q)(1+y,8)+2€ﬁ(q+x—L)+aﬁ(L+q)l
1 [ee]
|h(z)| < |;| + Z Qg 2%
114 -
|h(2)| < 2|t |z 9R(1) (10)
Similarly
1 q
|h(2)| = 2| |z 9R(1) (11)

From (10) and (11) we have

q

114
— |Z|1+°r§R(1) < |h(2)| < + |Z|1+°f§R(1)

V4

THEOREM 4 :If h(z) € H?, (@, B,,7) then

g+1 q+1

1
— A+ QRO S @I <al | + @+ QR L

l;
PROOF : h(z) € 3 (a,p,¢,y) Therefore from theorem 1
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x=1
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/ q —
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x=1
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47



1|+l
W@I<ql| +@+ R (12)
Similarly
@l =gl - @+ oRze (13)

From (112) and (13) we have
q+1 q+1

1
—A+ QRO W@l <l + A+ pR@

af;
THEOREM 5 :If h(z) € M3, (a,B,,y) then

’1
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q
—B(1)

q

+ B(1)| 2|1t

1
29 < |h(2)| < ‘E
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PROOF : h(z) € M3 (,5,¢,7)

D g <BG)
x=1

1 | 1)
h(z)| < |—q|+ Z Agexz¥| < |— +B(1)|z|** (14)
z x=1 z
Similarly
|h(2)| = || - Z Ager2%%| = |— —B(1)|z|'"4 (15)
z x=1 z
From (14) and (15) we have
114 14
| - sz < @i < | + 8@z

THEOREM 6 :If h(z) € M}, (a,p,¢,y) then
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g+1 qt+1

1
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af;
PROOF : h(z) € H} (a,B,&,v) Therefore

o)

Z Agix < B(x)

x=1
(o]
h(z) = 1 Agp 2zt
o q+x )
x=1

o

, —Gq _
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From (16) and (17) we have

q+1 q+1

1
~+QBOE S NGl <al  + 0+ 9Bl

af;
Radii Of Convexityandstarlikeness:

THEOREM 7:1f h(z) € H}, (a,B,¢,v) then If h(z) is starlike of order §in|z| <R,

, Where

inf 1
(@q—6)  x+2q
(x+3q—06)R(x)

xz1

R1=

PROOF :We must show that
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zh'(2)
h(z)

+q‘£q—6

zh'(z) + qh(z) = —qz ™% - Z (x +q) ag4xz%* +qz7% — qz Ag4x2%™

x=1 x=1
= - Z (x +2q) Qg 2%
x=1
We have
zh'(2) Yre1 (X+24) aqex|z|*+20
< < py—
h(z) | - 1=y, QgexlzFt2e = p ) (18)

Hence (21) holds true if

o (x+39-6)
Y gy | e 1217 <1 (19)

Theorem 1 conforms that
. 1
2x=1 % Ug+x <1 (20)

Hence by using (19) and (20) will be true if

M |z|¥*2¢ <
(@—6) R(x)
Or if
_1
2] < { g—2§6 }x+2q
A2+ 34— 0)R®)
as required.

THEOREM 8: Let A(2) = — — 3%y Qquxz%™,0gur 2 0,

if h(z) € H}, (a,B,¢,v) Then h(z) is convex of order in | z | < R, , where

inf 1
R, = 4(4=6)  x+2q
2 (x+3g—-8)R(x)

x=1

PROOF : h(z) is convex if h '(z) is starlike We must show that
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g(z) = —qz™% - Z (@ +x) Agerz®*
x=1
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T s | Qg 1272 <1 (22)
Theorem 1 is true because
o 1
Zx:l % qq_+x < 1 (23)
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(x+q(x+39g—-906)
a(q— &)
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~ Rx)
Or if
1
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Closure Theorem:
THEOREM 9: Let hy(z) =z %and h,(z) = z7% — R(x)z%* forx > 1

h(z) € H} (a,B,¢,v) < h(z) can be written as

h(2) = Aoho@) + ) Ahy(2)
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where 4, = 0 and 4, +Z A, =1

x=1
PROOF: Let h(z) € H} (a,B,¢,v), We have
Agx < R(x)
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1

A = Ry ot
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Abstract

The rapid evolution of smart home technologies has revolutionized human interaction with domestic
environments, offering substantial benefits such as heightened comfort, energy efficiency, and improved quality
of life. These advantages have positioned smart home systems as a compelling choice for modern households.
While existing research has extensively examined user experiences and expectations related to these
technologies, understanding persistent adoption barriers remains critical to ensuring their successful integration
into mainstream use. Despite the global proliferation of Internet of Things (10T)-enabled smart homes, adoption
trends in Irag remain underexplored, with no official statistics available to date. This study addresses this gap
by investigating the factors influencing Iraqi citizens’ adoption of IoT-based smart home systems. Guided by a
positivist paradigm, this research employs a quantitative methodology to analyze key determinants of adoption
intention. The Technology Acceptance Model (TAM) is extended by integrating three contextual variables: (1)
Internet quality, (2) financial cost, and (3) network security. Data were collected via a cross-sectional survey
targeting Iragi householders, yielding 102 valid responses after the removal of 20 incomplete or biased entries.
Structural equation modeling (SEM) was conducted using SPSS and AMOS to evaluate the proposed
framework. All hypothesized relationships—perceived ease of use, perceived usefulness, internet quality, cost,
and network security—demonstrated statistically significant positive effects on adoption intention (p < 0.05).
The model exhibited strong fit indices (CMIN/DF = 2.197, CFI = 0.920, IFI1 =0.922, TL1 =0.912, RMSEA =
0.056), confirming its robustness. This study contributes to smart home adoption literature by contextualizing
TAM within Iraq’s technological and socio-economic landscape, while providing foundational data on adoption
rates in a previously unstudied region. A key limitation lies in its geographic restriction to Irag, which may
constrain generalizability. Future research could expand to diverse cultural contexts and incorporate qualitative
insights to deepen understanding of adoption barriers. These findings offer actionable insights for policymakers
and technology developers aiming to optimize smart home deployment strategies in emerging markets.

Keywords: Internet of Things, User Acceptance, Smart Home, Network Security, Technology Acceptance
Model.
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1. Introduction

New urban technologies have impacted people's lives and altered their lifestyles due to
the quick development and advancement of digital technologies, particularly in the areas of
computers, communication, networks, and control, which are relevant to the smart city
movement (Li et al., 2021). The phrase "smart home™ has gained popularity in recent years due
to its frequent appearances in the media. A variety of other names, including digital homes,
electronic homes, home automation, connected homes, domotics, and so on, are also used
interchangeably with smart homes. Serving people's needs, enhancing their quality of life, and
increasing home efficiency—in terms of energy consumption, monitoring, and other aspects—

are some of the objectives of home technology services (Hong et al., 2020).

Utilizing homes as a platform, smart homes integrate life related devices and facilities by
utilizing a variety of techniques, such as computers, security systems, network services,
automated control, multimedia, and wiring, to create intelligent and effective residential homes
(Chatzigiannakis, 2016). As internet-of-things (loT) technology becomes more widely used,
smart homes combine cloud computing platforms, software systems, and hardware to create an
ecosystem. Lastly, users can receive personalized life services from smart homes by collecting
and analyzing data on user behavior (Gram-hanssen & Darby, 2016). By offering users
entertainment, energy efficiency, comfort, convenience, and security, smart homes aim to

enhance their life quality in their homes (Schweizer et al., 2015).

In Baghdad-Irag, many residential areas and complexes have been built and many more
are yet to come, but none of the projects included solutions of smart homes (digital homes),
despite of the technological advancement made by implementing many fiber optic connection
projects in many cities, which in turn improved the overall Internet services. Furthermore, the
concept of smart homes is still new of Iragi consumers and might be seen as only a luxury way
of living or as an enhanced way of living. A major reason of this low adoption rate is the lack
of knowledge about user acceptance of smart homes. Moreover, quite few studies have been
done to investigate this issue in the Middle East countries and almost none has been done in the

Iragi context.

This study intends to fill this knowledge gap by examining smart homes users' acceptance
in order to better understand the factors that have a substantial impact on user acceptability. By
putting out a theoretical model to investigate the variables influencing users' acceptance of
smart homes, this study adds to the body of research on adoption. This study, which is based

on the research model, looks at how users' personal perceptions affect their acceptance and
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intention to utilize smart homes. This study evaluates the empirical strength of the relation in
the suggested model using the Structural Equation Modeling (SEM) technique. As far as our

knowledge, no study has been done on Iraq’s adoption of smart homes before this one.

Hence, the contributions of this work are: (i) to explore the smart homes adoption, (ii) to
explain users’ adoption of smart homes by developing and testing an integrated model, (iii) to

identify the factors that affects the users’ decisions to adopt the smart homes technology.

The next sections of this work is organized as follows: the next section summarizes the
related work done by previous studies. Which is followed by the research model development
and hypotheses. Afterwards, the methodology section is discussed alongside with research
instrument and sampling method. Moreover, data analysis and results are in section 5.

Furthermore, discussion and conclusion are discussed in sections 6 and 7 respectively.
2. Related Work

In this section we will go throw the existing related work (studies) done associated with
the smart homes adoption topic. As we mentioned earlier, there is a lack of studies related to
smart homes adoption, as this area is still new research area (Mashal & Shuhaiber, 2018;
Shuhaiber & Mashal, 2019).

Authors in (Coughlan et al., 2012) carried out an exploratory study on loT-based smart
homes adoption in the UK. Their finding showed that the following factors: ease of use,
perceived usefulness, security, privacy as well as technology knowledge were significant

predictors of loT-based homes adoption.

Moreover, a smart homes adoption qualitative cross-national study was carried out by
(Balta-Ozkan et al., 2014). The study stated that the smart homes development drivers were
quality of life increases and tangible benefits. Furthermore, technology failure concerns or
usage difficulties, security or/and privacy concerns, smart homes misunderstanding as well as
consumer freedom loss were identified as adoption barriers. Another study done by (S. Kim &
Yoon, 2016) in Korea they conducted a discussion of six focus groups. This research finding
were that lifestyle and benefits are major determinants in the smart homes adoption.
Additionally, the research showed that privacy as well as customer care concerns are major

barriers towards this technology adoption.

In the United States of America, Authors in (Ahn et al., 2016) developed a model in their
study that explains sustainable household technology adoption determinants. The findings

showed that the attributes of the product including sustainable innovativeness, compatibleness,

56



performance, consumer characteristics and hedonic expectancy are significant predictors of the
adoption intent. While social pressure and effort expectancy as well as environmentalism

doesn’t significantly predict the intention of adoption.

The models Value based Adoption Model (VAM) and TAM were integrated and utilized
by authors in (Y. Kim et al., 2017) to investigate smart homes adoption. The study findings
showed that perceived value was affected by both perceived benefit as well as perceived
sacrifice. In another study, Consumers’ behavioral intentions for smart homes adoption in
Korea were investigated by extending the TPB model (Yang et al., 2017). The findings of the
research showed that privacy/security risk, mobility and trust in providers are major factors

affecting smart homes adoption.

While Authors in (Mashal & Shuhaiber, 2018) proposed a novel model examining the
intentions of users to adopt smart home devices in Jordan. The researchers built their model
based on the literature investigation. Factors utilized are: perceived enjoyment, trust and
awareness as social factors, availability, cost as well as personalization as smart home devices
factors, and social influence, while the intention to buy was the dependent variable. The
research findings showed that perceived enjoyment, user awareness, personalization, perceived
cost, social influence and cost significantly influence the intention to buy smart home devices.
While both counties Iraq and Jordan are neighboring geographically, technological
advancement and technology awareness are on different levels between them, as Jordan is a
more stable country and didn’t go throw the security challenges that Iraq went throw in the past
three decades which affected the technological advancement and awareness in Irag. Hence the

comparison of both research results is irrelevant.

3. Research Model and Hypotheses

As shown in Figure 1, after an extensive literature review examination, the research model
was developed. It consists of TAM factors (perceived ease of use and perceived usefulness) and
two technological factors (Internet Quality and Network Security) as well as Cost. The model

indicates that all the mentioned above factors influence the intention to adopt smart homes.

Perceived

TAM

Perceived

Internet Intention to

MNetwork

Cost

Figure 1. Research Model
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3.1 Model Factors:

This section describes this study model factors and hypothesis build; five factors are

discussed as below:

The first two factors are adopted from the well-known technological model (TAM) that
is developed by (Davis, 1989). This model is one of the most widely utilized models when it
comes to investigating technology adoption. Four constructs are defined within TAM model,
namely, perceived ease of use, perceived usefulness, attitude towards as well as intention to
use. This study utilized three of these constructs (perceived ease of use, perceived usefulness
and intention to use). Moreover, in the context of smart home adoption, this study defines these
three construct as follows. Perceived ease of use is the extent to which a consumer thinks that
utilizing smart homes will improve their life quality. While perceived usefulness is defined as
the extent to which a consumer thinks that utilizing smart homes will improve their life quality.
Intention to use is defined as an indicator or a measurement of the consumers’ readiness strength

to adopt and use smart homes. Hence, we the following hypothesis are presented:

H1: The intention to use smart homes is significantly positively affected by Perceived

usefulness.

H2: The intention to use smart homes is significantly positively affected by Perceived

ease of use.

The third factor Internet quality, according to (Zaidan et al., 2018), a good and high speed
communication is a challenge and a major requirement to use smart homes technology. As the
number of loT-based devices increases in a smart home, the more a user needs a stable and fast

internet connection. Hence the following hypothesis is presented:

H3: The intention to use smart homes is significantly positively affected by Internet

quality.

The fourth factor is security, authors in (Hui et al., 2017) listed security as a major
requirement for building a smart home. Moreover, the effect of 10T on security challenges has
been and still a big concern due to 10T devices behavior can be changed by environmental
conditions or by other devices (Zhou et al., 2019). Hence it’s still a matter of concern to

technology users. Based on this the following hypothesis is presented:

H4: The intention to use smart homes is significantly positively affected by network

security.
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The fifth factor is cost, adopting a smart home technology and an IoT device comes with
a monetary cost. According to (Hong et al., 2020), the cost of the smart homes services or
devices is one of the major concerns of consumers willing to adopt smart homes. Moreover, a
questionnaire done using Survey Monkey with 800 respondents in the United States of America
(USA) found that 58% believed that smart devices are very costly to buy. Based on this the

following hypothesis is presented:
H5: The intention to use smart homes is significantly positively affected by cost.
4. Methodology

This study follows a positivism approach, due to the believe that factual knowledge can
be obtained by measurements as well as observations, throughout the data collection and
interpretation by objective approaches so that the study results are typically quantifiable and
observable. Hence, for this study a quantitative approach is employed to answer the study

questions.
4.1 Instrument:

Based on the exploration of literature on smart homes adoption studies, this study
questionnaire was developed and employed. For each variable in the study model, four
measuring items were developed, that is four items for each of perceived ease of use, perceived
usefulness, internet quality, network security, cost as well as the intention to use. Moreover,
five demographic variables were utilized: gender, age, educational level, occupation and

frequency of internet usage.

The constructs utilized in the model were measured used a five-point Likert scale (scores
rang is as follows: 1=" strongly disagree” to 5= “strongly agree”, while the “neutral” score is
equal to 3). This scale gives a good chance for the respondents deliver what they think or believe
in this study. The survey questionnaire was available in two languages (English as well as
Arabic). Moreover, during the process of questionnaire translation to Arabic, the researchers
made sure that the source language was preserved to give the same semantic equivalent
(Lawrence, 2003). A pre-test was done to test whether the instrument is appropriate as 20
respondents were involved in it, 3 items were refined, one item for each of Internet quality,
security and cost. Afterwards, a pilot study was done including 32 respondents to make sure of
the instrument validity and reliability. The result was all items were good and usable (See
Appendix A).
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4.2 Data Collection:

The study data were gathered by utilizing an online survey. All participants are expected
to be at least 18 years old as well as having a basic knowledge of what a smart home is. 122
citizens participated in the survey within a duration of 28 days in (January 2025). After
downloading the responses, 13 answers were incomplete and 7 answers have bias answers,

leaving us with a total of 102 valid responses that are ready for analysis.
5. Analysis of Data and Results

For the process of testing and validating the proposed research model, this research
applied Structural Equation Modeling (SEM). SEM is “a family of statistical models that
explain the relationships among multiple variables” (Hair Jr et al., 2016). SEM is utilized
because it allows complicated relationships between variables to be explained and provides a
good and overall picture of the model (Gefen & Straub, 2005), it is widely utilized in the
research of behavioral science (Hair Jr et al., 2016) as well as in the research of IT and systems
(Gefen & Straub, 2005).

5.1 Measurement Model Results:

First of all, the factors loadings were calculated to get the correlations in-between the
reflected indicators and the latent variable. According to (Hair Jr et al., 2016), factor loadings
above 0.6 are acceptable. In this study 24 items were examined for validity for the purpose of

measuring the independent and dependent variables, as shown in Table 1.

Table 1. Items loading and Cross loading

Ease of Use Internet Usefulness Network — Intention to
Quality Security Use

PEoU1 915
PEoU2 957
PEoU3 945
PEoU4 733

1Q1 878

1Q2 900

1Q3 870

1Q4 833

PU1 .870

PU2 .860

PU3 934
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PU4 152
NS1 816
NS2 911
NS3 .802
NS4 .833
INT1 156
INT2 .861
INT3 .589
INT4 .888
Costl .678
Cost?2 .835
Cost3 .796
Cost4 .819

Moreover, construct validity is another model measurement utilized in this study. This
test is conducted in order to examine whether the specific chosen measures are truly measuring
the constructs that are describing the event, and that they are tools for the measurement of the
investigated construct (Gefen & Straub, 2005; Hair Jr et al., 2016). In this research, the two
tests of validity are applied (convergent & discriminant). Convergent validity means the degree
to which a measurement converges or correlates with another measures of the same variable
(Hair Jr et al., 2016). The validity of convergent is acceptable when the constructs Average
Variances Explained (AVESs) is Equal or above 0.5, while refused when it is lower than 0.5
(Hair, 2016). As Table 2 shows, all the constructs scored an AVE score of more than 0.5, hence
meeting the requirement of convergent validity. Moreover, another approach to examine the
convergent validity is to check the constructs’ composite reliability. All the examined

constructs scores are above 0.60, thus all values are acceptable (Hair Jr et al., 2016).

Table 2. Constructs’ Validity and Reliability

AVE Composite Reliability Cronbach’s Alpha
(>0.5) (>0.6) (>0.7)
Ease of Use 0.7958 0.9391 0.917
Usefulness 0.7335 0.9163 0.883
Internet Quality 0.7579 0.9260 0.894
Network Security 0.7082 0.9064 0.860
Cost 0.6153 0.8641 0.794
Intention to Use 0.6120 0.8605 0.779
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As Table 2 shows, the internal consistency is achieved by examining the Cronbach’s

alpha, all the constructs scores were above 0.70, hence acceptable (Hair Jr et al., 2016).

Moreover, discriminant validity, a measurement that checks the degree to which a latent
variable true distinction from another latent variable in the process of predicting the dependent
variable (Hair Jr et al., 2016). The correlation matrix of constructs was utilized to examine the
discriminant validity in this study. The AVE of each single latent construct should be higher
than its highest squared correlation with any other latent construct (Hair Jr et al., 2016). Table
3 shows that all the models’ constructs achieved this requirement as no value that is off the

diagonal is has a higher score than the diagonal values, hence discriminant validity is achieved.

Table 3: Discriminant validity

Construct PEoU PU 1Q NS Cost INT
PEoU 0.795 0.071 0.015 0.178 | 0.218 | 0.406
PU 0.005 0.733 0.081 0.248 | 0.148 | 0.512
1Q 0.0002 | 0.0065 | 0.757 0.039 | -0.064 | 0.245

NS 0.0316 | 0.0615 | 0.0015 | 0.708 | 0.077 | 0.586
Cost 0.0475 | 0.0219 | 0.0040 | 0.0059 | 0.615 | 0.174
INT 0.1648 | 0.2621 | 0.0600 | 0.3433 | 0.0302 | 0.612

5.2 The Measurement Model:

The overall model fitness was examined utilizing a confirmatory factor assessment (CFA)
for all latent variables. The fitness of the model was good, falling within acceptable range.

Consequently, the measurement model had been tested including all the latent variables.

Table 4. Measurement Model Fitness

CMIN/DF CFI IFI TLI RMSEA

1.535 910 912 .901 .073

5.3 The Structural Model:

All six variables are utilized in the development of the structural model in order to proceed
with the hypothesis testing. Hence, the hypothesized relationship in-between variables along

with the structural model are shown in Figure 2.
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Table 5. Hypotheses results

it 4 Original Sample P-value N
(B) (>0.1) (<0.05)
Perceived Usefulness H1 0.224 0.000 Supported
- Intention to Use
Perceived Ease of Use H2 0.318 0.000 Supported
- Intention to Use
Internet Quality = Intention H3 0.262 0.000 Supported
to Use
Network Security > H4 0.322 0.000 Supported
Intention to Use
Cost = Intention to Use H5 0.132 0.000 Supported
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Table 6 shows the structural model fitness as the values of CMIN/DF, CFI, IFI, TLI and
RMSEA 2.197, 0.920, 0.922, 0.912 and 0.056 respectively.

Table 6. Structural Model Fitness

CMIN/DF CFl IFI TLI RMSEA

2.197 920 922 912 .056

6. Discussion

As TAM assumes, both TAM constructs were found to have a significant and positive
influence on the intention to use smart homes. In fact, Perceived Ease of Use was found to be
the most construct to have influence on intention to use alongside with network security. It is
understandable if users believe their network is safe, they will feel more comfortable to use
smart homes technology. The third most influential construct was internet quality. Indeed, the
better the quality of users’ internet services, the more comfortable they feel to use smart homes
technology, as poor service quality always lead to frustration and complaints. The least
influential construct was cost, as it seems not a matter of concern to users in this particular

study.
7. Conclusion and Limitations

As the results showed, the research model is confirmed. The intention of using smart
homes technology is heavily affected by how ease the technology is to use and how safe using
this technology is. Moreover, the extent to which how useful the technology is having a
moderate impact on users’ decisions with regards to the intention to use the technology.
Furthermore, cost showed a very low influence on users’ decisions in this regard. This study
has the following limitations: (i) the study is limited to the Iragi population (ii) additional

variables could be investigated such as cultural variables.

Appendix A
Symbol Items
Perceived Ease of Use
PEoU1 A28 5 il Al S J 3l 3 el o et
PEoU2 S il 8 jeal pladinl 28 abail o ) daills Jeal) (go adl ]
PEoU3 Lo ol e Jdi SA A 3l 3 3eaY) Jaa deadl (e 4l yaiid
PE0U4 Lo Joliall 4y A J i) el (f it
Perceived Usefulness
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Abstract

It is characterized by burning sensation, redness, vaginal swelling, and the presence of serous or watery vaginal
discharge. It may also cause pain during intercourse and urination. The current study was conducted to isolate
and identify yeasts causing vaginal candidiasis and to evaluate the virulence factors of the fungal isolates. This
study included 110 samples collected from women diagnosed with vulvovaginal candidiasis by gynecological
specialists at the Women's and Children's Hospital in Kirkuk Governorate and some private clinics in Hawija,
during the period from August 2024 toNovember2024.

The range of infected women age found from 17 and 66 years. The most affected group was aged 17-46 years
(93.6%), while the least affected was the 5666 year age group (6.4%). The study included testing the virulence
factors of the fungal isolates through their ability to form biofilms and produce enzymes such as protease,
phospholipase, urease, hemolysin, and lipase. The results indicated that the fungal isolates belonging to C.
albicans and C. tropicalis were capable of forming biofilms, with some forming dark-colored colonies while
others showed crystal-like biofilm structures.

Moreover, C. albicans exhibited the ability to produce protease enzyme, indicated by the formation of clear
halos around the fungal colony at a rate of 91.67%. None of the four Candida species showed the ability to
produce urease. However, C. albicans and C. tropicalis showed lipase activity at rates of 5.6% and 58.33%,
respectively. Statistical analysis revealed significant differences in the ability of Candida spp. to produce
phospholipase enzyme, as measured by the diameter of the precipitation zone: C. albicans had the highest
average zone diameter (10.6111 mm), followed by C. krusei (9.6774 mm), C. tropicalis (8.3333 mm), and C.
glabrata (8.0000 mm). All isolates showed hemolysin production at a rate of 100%, except for C. albicans,
which had a production rate of 83.33%.

Keyword: Candidiasis, Fungal Virulence Factors, Yeast Virulence.

69



dodiall

Sl @ Llasl ssae ST 36 (VVC) Vulvovaginal candidiasis (Awgel! gl lanall shy da

o gl yg8lg HleaNlg 48y aygekas mets (Czechowic et al.,2022). LS Sgdall das $5291 Juolid]

LY O LS (Zeng et al 2018) ¢ (Jsd! 33 glozd! sl ol ol 989 (Ao ol duduan dulage O3] 399

(Swidsinski et al d>lgll pladl UM J8YI e lye & (o AST Lol o 3] 8),She (19S5 (2 5e)l g

bladlly gzl guadl 0] 3, Slhall yoe (e Ui datay LLoY! oo goill 1da Gigas of J] luhl seads 2019)
AloYl Sl § 4S8 )90 4 904!

3lbp WS (Zeng et al .,2018¢ Auviemmsi et al 2021) ddugal! ©bg,Solal) duadall 1y glall e Db

J13 pamall lgaly 85291 plasiul cbgaodl Solobiae) Hlydall Jlaaiudls ¢ Jolgl sludll () Lol Jlaz>|
Jlaainl @5 S 4S8l Jolgall Oly (5, Sudl (o309 deliadl Canidy, g Al Sliw gl OF LS, o)1
Olauall) el el (qolud! Caundl O] (Lema et al,2018 Hoffman.,2014) dauall &ds-1ul udled!
s C.glabrata J& non Candida albicans) > 19l J] 4Ls| C.albicans godl dawlg 09 (sl
lodl yshas ) a5 I Jolgall @2l 30 0] (C.krusei Zyrek et al., 2021).5 (C.parapisilosis sC.tropiclas
w2yeadl @Sliey @I Bl Jalses Ciuiaodl WIS daab (2 (2hel 09 5T (o1l digmuasll Aol
Ol WS ccluddl (s bl el s Jiow Jagedl wled! oF JI ool nade(Czechowicz et al.,2022).

(and Jeanmonod, Jeanmonod).2020 (sl ldg cuas 18 Gl jee § sluddl 50 %70 )i Lo

vardly OlusW dude lgsans (il Bue @ialy coenill @b oo KB Al By wbylad (p Slesl”
Jolge oy dodall dS Mol oy €& guds ASYI il 10 yiiad Candida iz sl g1gY! oo ¢ oan 4331
Jls> o Eo «s9al) Al £19391 AST 40 (C. albicans) gs5 423 (Mahmoudabadi. 2013 )85l
9SS « adhesive GLaddl Jio cboYl Gla>] (3 egud Jolge Bue Candida SPP ez 3] @Yl e %80
<Phospholipase sYsbwsall @il Jio dl=e wlepl Wl Biofilm formation dgedl &Y
4w B9yl 3 gaidl e ghu3 e Mad Hyphal formation, &,kall besdl 0psSs hydrolases @il
sl HloW dexasll ZMI O (Tulasidas et al.,2018) ¢(Hacioglu et al.,2019) Sl Jg=ily cdenld
©ldodly azoles wYe3Vl Aaio cdugall U5 glipdll Gyl e Ayhad whilas 9o Jagell Gl
nucleoside W) 985! Jslug acry lamides J»,:ij_)sy‘ echino candinsk,oleli8guisdly polyenes
(Mendling et al.,2015).

Jasll 3

clad .‘_‘35)54.50.9&6 O Bl laladl dUﬂa;}’b A5 L)) (pddunn (o lgaox © a8 2\3)3_;\-0 due 110 0]
Gdaisl 12024 3 098 Llalg 2024 Ol 1 o Bialg Segedl Slanall ¢ls o Ol AW ludl) domg]]
warsdd das dadagall Olwall (de Jguaxll sterile cotton swabs dedaol! dulad)l Olxwall (Ao i)y

70



A e Ologlanlly Wdl Consal dasye S Olsiunl 8ol dlue] @3 WS (obaisdl ladall Jd oo LLsY
bladdl

ipaseidlly Jyadl @

39 AuS39mludl 925 VT Slasdl duaicd Lol lawgll e Jadasill dadasdl dudai)l loeuall Olive sy
CY3all yamd @3 (1995 09,3y Atlas) dclw 48-24 / 4 27 byl daydy BLLYI Ciuad usy « SDA,ST
Lactophenol Cotton Blue Stain oled)l @39 Jgid g8 dsuo plisuiwly (§pgmall Sgianll e Ll
=1 (2007 09,55 Ellis) Loy LS Lyglasll puaslas &jlie IS oo Bpasell dunc ! WIS Kb d3y20]
B el cie g (At parasunll 3l HiCrome Candida Differential Agar dawg (e claall god jlas|
slerel Jawgll dnuasdl &S Oladad J) bl 4885 8yguar Candida 8aesd dnll (gl aniuwe o9
a5 330 dlguansess olpedl Y52 W puases das bolusdl cxd) ¢ (Himedia India) paxseinil) da8 yell cilo glao)l
Gyl o FWbYI dlbasl Cuwly «pgySIl BT Jawy e lgey)s Jo pg2 S9uon s dadde Byaaiuws (o
lg359 8 yaianadl S5 Slaiel UMS- (yo duslyll dud Slasell daliseall 1991 o (8,1 05 U39 . ySlazell gaid el
.(2014¢4icla=>9 Dhanasekaran)

leade Jgmamdl o5 ) pawsadl il pilaally (ledl WSTI Gug liylall Sl plasuiuly pasadl sha| @
Olalad sy YST Card lasel) 8u>gall @8ladl Jlaxiwl @)l @Yia) disludl Lgag0sSI) hlisdl e
awdya)) Biomr jeux deiuasl! 4S54

DI lhorally Germ Tube Forming Test 2oyl OVl eSS il @

Chlamydospores formation.

Ol yarianall o ity ol 5 om0 cdodine d ke Cobl § o 0.5 pozmon OlusYl po Juas] o
slais Cudat g (e do b J] Bl oy 8,008 Cld Wauiay B pad Blas 858 del 3-2 Bud 839 cdlaiiinll
ol Iinod Lammd 5lasdI 1A 39,50l OLSY! 50l 929 AasMal (S pgmall pamall 500> muall dou 4l
T 053 S A5l il T e 39,50l LYl T 90 sl 9S5 JasDl6 o Saw 3IC. albicans
(2007 ciclozg Ellis) gt Azl Jobo opo ilyo 4-3 (40 gl gb

Ao #1531 0poSS e Slesddl 58] (e aaSIl 3 Dalmau's technique Lo 45 e slaaedl o3

e oo (s S Lgladassiy )BT 59 S gl Loy (e dpols dlastd Byaniuns (o A3 A5l o5 (@9

&) Aol 24J 48,31 8)ly> Ay g e i) sllasy cuat g lagale (pdalaio cpdas pgaiay 8) 01 5T Loy

Cuazd ¢ 8ylad jludes Jgud g8 W1 — ladll () dimo d3Lo] go daudal &l dows b (e a9 sllasdl

wiclozs Williams ehaows sz dboloxeg L5315 0555 (@19 AapedSIl Ol guand! 0955 ¢y0 ST ygamally oliygal]
(2023).

71



dadlallg @WJI

s ol aukdd Jice

0 %40.9 dds diye 45 bolie «%59.1 &g Aiwe 65 g5 Agjandl Sluall 39,001 )31 @S o

Slobaall pluscwdl 84S ] 5525 48 bygma aliadl paxall &g padl gLl O] (1) JKad! (§ e S 503 090
Y U8 Laaass b gad 0550 dxdillby Wlauall (e s3> blad Jgas U] 6352 48 law ©blaall sluddl Ji8 (1o 4ylaall
03 ) Al &S 0555 O (Sl (30 3] (S8 Corand! 090 Loy 9l Liygame ol gl die dugo donill Jamy
delio dloianl (randS) 8 (31 sleadl) el dusliadl Aol (ye Muad drrgo domsls sllacy 436 a9 Ak lgnaxr

Milne) 0gad ;o dxlg Liass go ddde 8 larlly (o yall Luiis LY H1,SE Local immune response duass g0
slazedl oSy Y (3 9ag,Solall pamall Ayl of J) deale lpwds (o et oy (Adlod! dulyall 4231996),

P=0.1914
60.00% _ p=0.0562
50.00%
40.00% 43.64% 40.90%
30.00%
20.00%
10.00%

0.00%

é)gﬁiA\ &J)'l\ alaall L“g_)ga.‘d\ Uandll
i sd il AL il

(Giseall g3y ol 5 ygzeall Jpall Dghall dewdll .1 JS2JI

A9 3 Al duhyl)l sU3T Agiaall lamall 1939 Dgiall Cuddly Sluel 4] aid (1) Jgddl @l o)

Ao ZUJ.S‘- C. albicans 36 sJae uSaQ ;%:_,.]axﬂ‘ L)"L"S” Cnd ‘3 Oolds duausid d)b Bl ua.“/é:.iJJ‘_g d).x.\l RET)

C. &3¢ 99 «%5.8 dewdog C. krusei gl ©wY35e 5 9 %12.19 4wl C. tropicalis gold w5 129 ,%58

%.15 4. glabirata

dg3aall Candida spp. pwier §195Y Dgiall Cuddly Sl .1 Jguioxl!

dde
&l | o¥3alisas | CandidaSPP. 8 glgil EWRL] CandidaSPP. 863 g9l
Yl
8% 5 C. krusei 58.1% 36 C.albicans
14.5% 9 C. glabrata 19.4% 12 C.tropicalis

72




led C. albicans dwd C,JS(:gJ\g (2017) wiclozy Arora CWl duwlys z8lE ae Liwhs g8ls coylds
OsiWl adl Juogi Lo ae Lo d> ) Ll dyylieg <%36.6 il Non-albicans Candida o gl991 @b «%63.4
19095 (5201 2020 ¢ 3hasell £2019 039,315 (Thiyahuddin) e JS ae il «(2015) ple diclazs o
wiclozg Vainionpdd ge Lexils @Uaxs of e (3 «d9d! 4dyedb usS C. albicans Il 8paes Jie
L135 @ ol O] C. parapsilosis. 8 hadd Jie 3] C. albic ans Sxese abs] 1 Jaws o s (2019)
d1 8L cobaall gzl Ldasll s gay Aobodl Olsbaall sl 555 J) s5a 1 Slamell Ao du
LloYl sz e WS lgamar (el delio BeliS

Ohgadl (9555 e 4586] clliad C. albicans goll 85kl jall 0L amall wie Al Ll cow
apllae Gl 03 ol (2) sl (3 LS lgingS5 cpn g il s ooy 1539 3 (S5 o Loy us K
8)guc I g5 cdmansedd Ao LuwedSI! E191 13585 AlE Us5 .(2023) dislazg Williams duwhys 4] cyylal )
Eoiie Jawg e gad wie dlawy 3 o cdyladll bl Dlgh die Dy3ls dSueu Ol WIdy dasizne 9l 83,40
G vaiiy Plasdl g daxds g Aaidle e Byl 89 435S0 Slasddl mogad Jawg Jawgll 1 dxy 3] 8yl
.(2009 « Marting Marsh) asldsl! jobaall

.dg32edl Candida spp. §15Y LY Lgaly LIS $1951 (19S5 Ae Candida spp. 8548 .2 Jgu

LY Qg LusadSU! E1g0)1
Germ tube Chlamydospores Sdal Candida spp.
- + - +
0 (0%) 36 (100%) 0 (0%) 36 (100%) 36 C.albicans
12 (100%) 0 (0%) 12 (100%) 0 (0%) 12 C.tropicals
9 (100%) 0 (0%) 9 (100%) 0 (0%) 9 . C. glabrata
5 (100%) 0 (0%) 5 (100%) 0 (0%) 5 C.krusei
26 36 26 36 62 ggamall

APl HLaSYI domd J) A4S () -dezge HLaSYI dmd ) A4S (+)

B9l | Jolge e LESI @

80l gl cowg (omwYgangll) poll Joxall @il ZUSY Agzandl lesdl 4l Cais ol Ayl Cuiagias
O 428 C.albicans 8l i %100 duudsy cpawYgangld dxiie <38 C.tropicalisg C.glabrata el oy
(3).J99=dl 3 oy WS . %83.33 wojall dd

73




Candida spp..Y3e § o gangd! Z ] .3 Jgun!

oY gangl! @3] Z ) Suadl
FWPCER] ! 8 na 1950
Y3l sae oYjalisae | SVl
(£0.05) % % Candida spp.
. .“. "_}}.G "‘ .... " Eﬁ"
< 0.0001* 16.67% 6 83.33%* 30 36 C. albicans
<0.0001* 0.00% 0 100.00%* 12 12 C. tropicalis
<0.0001* 0.00% 0 100.00%* 9 9 C.glabirata
< 0.0001* 100.00%* 5 0.00% 0 5 C. krusei
< 0.0001* 17.7% 11 82.3% 51 62 @A.a_udl

S a0 ylis| dlawlgs (0.05 <) Adlis>! (S giun Caos dugian G938 929 Ae ddbas! AYo*

G Bacluy 3 ¢lasl) &l lage hos @ OF WS colousd] § (il ddkas (3 bygno Lol pais dny
& 357 9all Mo blad) duzgall Y5all sue S5 udS U8 dudydll 0 Ol 3819 Dguedl CasUo gl plial
S dusdl GILY dauanll sl adl WU,)S @iyl e Jlow 3] . 1994 (diclezy (Manns) dakisee wluly
O Il Ayl 85 s . 201 1cdiclazg (Jeeves) aleisdl wbyhall gailly padl wldes § i Slatw
I 89l 409 hlaisl 1991 ST (ye day (U1 C. albicans gsill Lo 89l Jolse zli) e Adula)l el
C. albicans (bl OF bl cyghl 3] caidly Sl (§ glis 3929 ao Gluhdll (o dodall ae Bam
shae e @3 dataog (8T 9 nST o050 Bylaall Jelgs cpo AST of 101y il dakizes dop e lige po Agianll
el Lyl Al Jiall 0e de of coguadl ilolaal) by dicliay (ayed) oy wdl Alodly Ysall
Bglally Asatunall LlugHly Bglaall Jole i (3 Buiaall diylall O LS ¢ 2Dl pladlly dacliall atll>g
.(2010¢ Svidzinskis Giolo ) gstul 3 wolal Lgd> § delud Jalge oS &l

@3] Z) e ddldl dwhall M= Candida goll Agianll doyhadll GulizY) 408G6) (4) Jgdand! yglay
duzs) 8)ud LY » C. tropicalis Besdl Ofg Ve 9 e %14.5 doxiedl AUl Y5l Ul 3| e
(5.56%).cnd5e adlgs &S] J8YI C. albicans & cib sl 34l (3 (%58.33) 7

0 ] 2] 0 555 o) Wgpmall 5559 15 oy

74




Candida spp.=Yje § aed! zUG| .4 Joi=x!

) | eaidl =) 3
Ao U 3] ) :;j,‘; | 8 gl
(<0.05) o oYl due o oYl sue S Candida spp.
doxtial) A2 doxial "

< 0.0001* 94.44% 34 5.6% 2 36 C. albicans

0.0875 41.67% 5 58.33% 7 12 C. tropicalis
<0.0001* 100% 9 0.00% 0 9 C.glabirata
< 0.0001* 100% 5 0.00% 0 5 C. krusei
<0.0001* 85.5% 53 14.5% 9 62 & g0omoll

S8 2oyl Alawlgy (0.05 2) Aozl Sgiums o digizn B9y 3979 (4o Aslax] AYo*

el 33 Judoxd e 85081 g Ml @35y daxtindl o3l O sl (gilild JlasYl Aol IS o0

blas Je 555 @ Jelgall oo dodall Slag( 2012 « Begam) sy &ads (olest J) Triacylglycerols

-(2012 <« Ramanay Bindiya) 455019 81,5l (5239 Blasdl Suey dliate o) L)
Ao 15 yghs 3 cdugamdl 4cadYl 9955 e ! )48 (e oSl §S5oS)1 paxT Jawg e slazedl o

AT pgial)s (3 dendd) 38 3] 6y @l 4] o gs b ao duanddl 0dd 335 o) (%24.2) (Sged)) slinil) dnio
C. tropicalis 8 ez (5) gl § Ja>oJ). 2016 cols- :2014¢09,519% (Saxena 51.6 9 %41.8 J| cduoy

C.Glabirata 8 a3l Wi ¢%27.78 s C. albicans i e wYie 5 231929 %41.67 ] duwd Cldoxaw U3
(Soemd! slaal) diin (S5 @18 9 C. kruzei 3

w&l,&;ﬂl g Sleiel é_gg;dl cluall ﬁk.ﬁdl Clb! .5 Joudl

. iofi gaed| e Ll & )| Sdall .
Ayl Biofilm g9l ¢ (G -yl I3 8U1 8 e £1g531
(&)

(£0.05) o CYjall sue % wYjall sue S Candida spp.

< 0.0001* 72.22%* 26 27.78% 10 36 C. albicans
0.0875 58.33% 7 41.67% 5 12 C. tropicalis

<0.0001* 100.00%* 9 0.00% 0 9 C.Glabirata

<0.0001* 100.00%* 5 0.00% 0 5 C. krusei

< 0.0001* 75.8%* 47 24.2% 15 62 ggamall

S8 oy slas dawlg (0.05 2) Al (Sgium Caod dogiae §9y8 3979 Ae Abbas! AYo*

75




6§ 9ol sLil) dmivo 1 AL 9SS 98U yoxl Jaug zrlaws (Je S9axnll sLiall C. tropicalisg C.albicans z ) .2 JS&J!

i p& 1€, JUuwyS JKio (Sgamell slial) doxiie 1D ¢S9uod! slinall doxiin 1B

degypell yladll Wilpasivnad) (§yglaall JSadl e dlaxel (S gamdl slisl] domiial) ulizdl e (Byaill @3

0555 el e ¥3all n> (3 B 9 Bl 3981 09l dotiall ciall 0 3] 95580 yoml Jawg e
oo A8l dolhall (§ G ) Glpasiaal] Bgadoll (39Ul sl Olg ¢(2 JSI) 751 S0)9 0sh Leilpenians
R 55092 Jale %5 (SR 5958l ol §9,Suudl plusiinl dn LS cdogi il duadl gl gl I Spa0 93 o]l Bt
9. Oliveira) 4ba)l dueyy Jolugl plasiwl  Exopolysaarides 8sdwiall &l @b,Sl az)
L5Se rre by doday les S 50oYI9SS5801 dre bl ] 4w S322 09 23 51 (2010<Cunha

(2011 «icloz9 Hassan) digas lddas

domiall Y5all sde 1 3 59 1 35) 7 U5) e C.albicans 8 esd dmlidl Yjall 408| (6) Jgudl e
ZU] e ol L) S5 @ld eyl sU3T Dgiaall 6,39 liamall #1631 duy Lol 9%53.2 Ay Aje 33 s

Candida spp. J«3 o~ Protease 23! zU| .6 Jgir

Y

I 25 |
EW IS Protease @3l zt! ;;:i" L) 8 a0 1950
(£0.05) % Y3l s % Y3l s | Candida spp.
dmiiall g2 dotial] &
< 0.0001%* 8.33% 3 91.67%* 33 36 C. albicans
<0.0001* 100%* 12 0.00% 0 12 C. tropicalis
< 0.0001* 100%* 9 0.00% 0 9 C.glabirata
<0.0001* 100%* 5 0.00% 0 5 C. krusei
0.4817 46.8% 29 53.2% 33 62 &9-6-‘2:»-"

S o0 bl dawlgy (0.05 2) Adleis Ggiun Caod digian G938 3929 e ddlas UYo*

76




Gyins 0550 laiw C.albicans spes Jad oo ddle Olgiunes i asg ! of 63T Gluhs 4uSTL liag
.(2013¢iclozg Rossoni) wlamell 5o 6,391 g9 (3 J8T 4]
J95enall SAP (redl olid A3 91 £9idl VMo (Lo OV ) 5159 01 ) (e 8yl pue s 3920 U3
(2003 caiclox>g Naglik) wlamel! gz § dasludl OU Sl (o i 19 el Jloxadl @Syl Z U] oo
o e i)l dy Cananll 958 (00 l@iSler U9 cduiynndl b ylaal) Al B9l all Jolge (oo (gl day 3)
Dbl ladiy Wl § 839290l Wliig Al ¢ immunoglobulins dxelial) SlwelSIl ¢ albumin ¢pe gVl
el B9l all Jalge O ¢(2011 cdiclazy . Silva £2005 <Nagliky Hube) wlgd! ¢gum) duwnad! diclial!
623l 5 Agiaall Y5l auazr 0] (2013) dislozg Sardi ta>Y 3], pau el dsuall Vel o Lgis 58 Caliss
Candida ¢1s51 cm Dgiae 3958 3929 JaYl Jalowtl) 75 ygll ig al) doxtie 38 (55l 230 crobiasll
bl o el dalaio yad uld IS (e 12055 @39 « Phospholipasews] gl (e g3 3spp.
g5l Lk ¢olo (10.6111) &by omany 5ha8 Juas C. albicans caast s el dalais ylad (§ Lgins 6,9
C. g9l Ul dalaia) 4had (3519 (oo 8.3333 Llady C. tropicalis g5l @ ¢olo 9.6774 ,haiyC. krusei
(3).5dly (7) Jgnl ole 8.0000 ads glabrata
Lyl Y52l 50 %100 OF I9dzrg il (2010) G9,3Ts Mahmoudabad g8t xe gl oda (343
Y giungdll @3l ] 3 Bolad @bl Jgdl wluey Jugall Clgdl o Ugzaall C. albicans wbylad e
&> & Phospholipas Y i sall @3l blad e aasll o a5b ol (§ 4w can WSPhospholipase.
bl Lapall ykg eliaadl Al g1t (o S8 0L IS wigll (§ (2015) 09,55 Deepa o el e
Al s @Yl ) e 80l

. Q
m =

D32l oY 9wl @3 dxiie 7Phospholipase assay). CA1,CA) e giwgdll @3] ddlad yuds .3 JSad!
Axin #£3CG

77



Phospholipas assay e sawgall @3] zU| (As Candida spp.gbﬁ Ad .7 Jou

) Sdall 1 8 ypa 1950
T3EN] Bl Cow Al HUadl Juse
bl Candida spp.

10.6111 £ 2.83123 36 C. albicans
8.3333 +2.96444 12 C. tropicalis
8.0000 + 3.31662 9 C.glabirata
9.2000 + 3.42053 5 C. krusei
9.6774 £ 3.11408 62 ggomoll

.038* (0.05 2) ddli=d

Bl Jgir sl dlaulg: ( 0.05 2) ddleix! Sgiune o dagian B9,8 3929 & dilia>] UY*
One way-ANOVA table test

Ollewdl

Candida glabrata 9 Candida tropicalis 3 Candida albicans wlawdl! 4o 8337 @)T Jye 5.1
J3Y1 &55e)l C.albicans godl lgd Jamt 3] ¢ hgodl Oliardl 615 oo Ogilas slud Jago oo Candida krusei s
Aginall 5391 15 0

egell Olaadl el qus )l Cawsall albicans C. 8 el jlast 2

e el lanadl sl Lol i) dispe ASYI 0 dine 37 — diw 17 o0 p)las 79158 G sludl .3
DoY) Egdmd dpye J8YI @b diw 47-66 (3o Dyend! &a)l Loy

s @53y doxiie 8 Ll O3l puazr gl 4

Y shwsilly sl @ily dgadl &aedl SS9 gl ZU| e 8)a3 w¥iall (el gl 5
Y gangdl

Sluo gl

A9l 20 ko) By £1931 s ol el Bliadl (0 (5551 3bolia) Ao ol el e gyl .1
A AWl e Dguo) Bt (9SS (§ dylady 455 Wlalsiue 86 duwls .2
bl pasad @ @) el sless! .3

78



dnyadl yobael!

Slauell jan Lo Ganoderma lucidum jladll gl ddladll eauds .(2020) il dee Olde g ¢dldesdl [1]
polald Ao Al 4 (uySS dasls ¢ iuurlo ALy Oral candidiasis. Ggadl Wlamall sl duwwliCandida spp.
Byl (b

ALS1 Eygall quanll el e Punica granatum oleyl g J9xS0) palsciuall 56 .(2016) ygble nl ccals [2]
4 e )S Anal ¢ pinzle Ul ol dalaie (o Ugianlly Sl cliall L9SWl Candida albicans 8 (3
Byl Ll pole (8 pall polal) Gl

il yolasl!

[1] Kadosh, K. C., Luo, Q., de Burca, C., Sokunbi, M. O., Feng, J., Linden, D. E., & Lau, J. Y. (2016).
Using real-time fMRI to influence effective connectivity in the developing emotion regulation
network. Neuroimage, 125, 616-626.

[2] Jeanmonod, R., Jeanmonod, D., Christopherson, N., & Spivey, R. (2019). Vaginal candidiasis
(vulvovaginal candidiasis). StatPearls.

[3] Zarei, M., Zarrin, M., & Beheshti Fard, M. (2012). Antifungal susceptibility of Candida species
isolated from candidura. Jundishapur Journal of Microbiology, 6(1), 24-28.

[4] Atlas  ,R.M., Brow, AE. & Parks, L.C.(1995).Laboratory manual extpermental
microbiology.Mosby.St. Louis ,London

[5] Dhanasekaran, D., Vinothini, K., Latha, S., Thajuddin, N., & Panneerselvam, A. (2014). Human
dental biofilm: Screening, characterization, in vitro biofilm formation and antifungal resistance
of Candida spp. The Saudi Journal for Dental Research, 5(1), 55-70.

[6] Ellis, D., Stephan, D., Helen, A., Rosemary, H. & Roben, B.(2007). Description of Medical Fungi.
2nd ed. Ltd. Australia, PP: 147 —150.

[7] Milne, L.J.R. (1996). Fungi In: Practical Microbiology by Collee, J. G., Marmion, B. P. ; Frasser,
A. G. and simmons, A., 14th ed., Longmen Singapore Publishers Ltd, pp:695-717.

[8] Arora, S., Dhuria, N., Jindal, N. & Galhotra, S. (2017).Speciation, biofilm formation and antifungal
susceptibility of Candida isolates. International Journal of Research and Development in
Pharmacy & Life Science. 6(2): 2517-2521.

[9] Thiyahuddin, N. M., Lamping, E., Rich, A. M., & Cannon, R. D. (2019). Yeast species in the oral
cavities of older people: A comparison between people living in their own homes and those in
rest homes. Journal of Fungi, 5(2), 30.

[10] Vainionpaa, A., Tuomi, J., Kantola, S., & Anttonen, V. (2019). Neonatal thrush of newborns: Oral
candidiasis?. Clinical and experimental dental research, 5(5), 580-582.
https://doi.org/10.1002/cre2.213

[11] Marsh, P. D. & Martin, M. (2009).Oral fungal infections,| in Oral Microbiology, pp. 166-179,
Churchill Livingstone, Edinburgh, UK.

[12] Manns, J. M., Mosser, D. M., & Buckley, H. R. (1994). Production of a hemolytic factor by Candida
albicans. Infection and immunity, 62(11), 5154-5156. https://doi.org/10.1128/iai.62.11.5154-
5156.1994

[13] Jeeves, R. E., Mason, R. P., Woodacre, A., & Cashmore, A. M. (2011). Ferric reductase genes
involved in high-affinity iron uptake are differentially regulated in yeast and hyphae of Candida
albicans. Yeast (Chichester, England), 28(9), 629-644. https://doi.org/10.1002/yea.1892

79


https://doi.org/10.1002/cre2.213
https://doi.org/10.1128/iai.62.11.5154-5156.1994
https://doi.org/10.1128/iai.62.11.5154-5156.1994

[14] Giolo, M.P. & Svidzinski, T.L.E. (2010). Physiopathogenesis, epidemiology and laboratory
diagnosis of candidemia Jornal Brasileiro de Patologia e Medicina Laboratorial, 46 (3) (2010),
pp. 225-234

[15] Begam, M.S., Pradeep, F.S. & Pradeep, B.V. (2012). Production, Purification, Characteization, and
Applications of Lipase from Serratia marcescens MMBBOS5. Asian Journal of Pharmaceutical
Clinical Research, Vol 5, Suppl 4, 237-245.

[16] Bindiya, P. & Ramana, T.( 2012). Optimization of Lipase Production from An Indigenously
Isolated Marine Aspergillus sydowii of Bay of Bengal. J Biochem Tech 3(5): 5203-5211.

[17] Saxena, N., Maheshwari , D., Dadhich, D. & Singh, S. (2014). Evluation of Congo Red Ager for
detection of biofilm Production By various clinical Candida isolates.J. Evol. Med. Dent. Sci. 3 (
59): 13234 - 13238.

[18] Oliveira, A. & Cunha, M.L. (2010). Comparison of methods for the detection of biofilm production
in coagulase-negative Staphylococci. BMC. Res. Notes., 3, 260.

[19] Rossoni, R. D., Barbosa, J. O., Vilela, S. F., Jorge, A. O., & Junqueira, J. C. (2013). Comparison
of the hemolytic activity between C. albicans and non-albicans Candida species. Brazilian oral
research, 27(6), 484-489. https://doi.org/10.1590/S1806-83242013000600007

[20] Naglik, J. R., Challacombe, S. J., & Hube, B. (2003). Candida albicans secreted aspartyl proteinases
in virulence and pathogenesis. Microbiology and molecular biology reviews: MMBR, 67(3), 400—
428. https://doi.org/10.1128/MMBR.67.3.400-428.2003

[21] Hube, B. &Naglik, J.(2005). Candida albicans proteinases: resolving the* mystery of a gene family.
Microbiology.147:1997-2005.

[22] Silva, S., Negri, M., Henriques, M., Oliveira, R., Williams, D. W., & Azeredo, J. (2011). Adherence
and biofilm formation of non-Candida albicans Candida species. Trends in microbiology, 19(5),
241-247. https://doi.org/10.1016/j.tim.2011.02.003

[23] Sardi, J. C. O., Scorzoni, L., Bernardi, T., Fusco-Almeida, A. M., & Mendes Giannini, M. J. S.
(2013). Candida species: current epidemiology, pathogenicity, biofilm formation, natural
antifungal products and new therapeutic options. Journal of medical microbiology, 62(Pt 1), 10—
24. https://doi.org/10.1099/jmm.0.045054-0

[24] Mane, A., Pawale, C., Gaikwad, S., Bembalkar, S., & Risbud, A. (2011). Adherence to buccal
epithelial cells, enzymatic and hemolytic activities of Candida isolates from HIV-infected
individuals. Medical mycology, 49(5), 548-551. https://doi.org/10.3109/13693786.2010.540044

[25] Mahmoudabadi, A.Z., Zarrin, M., & Miry, S. (2010). Phospholipase activity of Candida albicans
isolated from vagina and urine samples. Jundishapur Journal of Microbiology, 3, 169-173.

[26] Deepa, K., Jeevitha, T. & Michael, A. (2015). In vitro evaluation of virulence factors of Candida
species isolated from oral cavity.J. of Microbiology and Antimicrobials.7 (3) , pp.28-32

[27] Francois, L. M.; Dumcan , W. and Bernhard , H.( 2013 ). Candida albicans Pathogenicity
mechanisms virulance , 4 (2):119 - 128.

[28] Cakiroglu Y., Caliskan S., Doger E., Ozcan S., Caliskan E. (2015). Does removal of CU-IUD in
patients  with  biofilm  forming  candida really = maintain  regression  of
clinicalsymptoms? J.Obstet.Gynaecol. 35 600-603. 10.3109/01443615.2014.986442.

[29] Williams, S., Cleary, I., & Thomas, D. (2023). Anaerobic conditions are a major influence on
Candida albicans chlamydospore formation. Folia microbiologica, 68(2), 321-324.

[30] Hassan A,  Usman J, Kaleem F, Omair M, Khalid A, Igbal M.(2011). Evaluation of different
detection methods of biofilm formation in the clinical isolates. Braz J Infect Dis;15:305-11.

80


https://doi.org/10.1590/S1806-83242013000600007
https://doi.org/10.1016/j.tim.2011.02.003
https://doi.org/10.1099/jmm.0.045054-0
https://doi.org/10.3109/13693786.2010.540044

JUbY S0 S g0l Olianall slild durnedl yilosel Bglaall Jalge yams e Caisll

Detection of some Virulence Factors of Yeasts Causing Oral candidiasis in children

Ali Neama Gadallah *
Milad A. Mezher ?

© 2025 The Author(s). This
open access article is
distributed under a Creative

CommonsAttribution  (CC-
= BY) 4.0 license.

Abstract

Oral candidiasis is a condition in which fungi (Candida albicans) accumulate on the lining of the mouth.
Candida is one of the normal organisms in the mouth, but sometimes it can cause symptoms in children. The
current study aimed to isolate , diagnose and study the virulence factors of yeasts that cause oral candidiasis in
children who visited the Children's Hospital in Kirkuk Governorate and some private clinics were diagnosed
by doctors from August to November 2024.

A 110 samples were collected from children with age (>1- <4 ) years. The fungal samples were examined by
direct microscopic examination and laboratory culture, positive samples reached 35.50% for microscopic
examination and 50% for laboratory examination. The diagnosis was made using the differential medium
Candida differential agar base HiChromeTM for Candida, which showed four species isolate: Candida
albicans , C. glabrata ,C. krusei and C. tropicalis. The diagnosis was confirmed by using germination tube
formation and chlamydial spores tests, in addition to Vitek tests.

The study included testing the fungal virulence factors by detecting their ability to form biofilms and produce
protease, phospholipase, urease and hemolysin enzymes. The results showed that C. albicans (29.6%), C.
tropicalis (53.3%) and C. glabrata (28.6%) had ability to form biofilms, in addition to the ability of C. albicans
to produce the protease enzyme (66.7%), C. tropicalis (86.7%) and the yeast C. krusei (100%). All Candida
spp. species do not produce urease. While showed significant differences between species in their ability to
produce the Phospholipase enzyme when statistically analyzed, and this was estimated by measuring the
diameter of the sedimentation zone, as C. albicans gave the highest diameter rate of (10.70) mm, followed by
the C. tropicalis species (8.67) while the C. krusei species formed the lowest sedimentation diameter (7.00) ml.
The isolates of C. albicans producing hemolysin at rate (92.6%) while the others were non-producing.

Keyword: Oral Candidiasis, Biofilm Formation of Yeasts , Yeast Enzymes.
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Abstract

This study aimed to investigate the effects of fructose consumption on blood glucose levels, insulin secretion,
insulin resistance, and inflammatory markers—specifically tumor necrosis factor-alpha (TNF-o) and
interleukin-6 (IL-6)—in experimental animals. It also examined the potential protective role of rosemary

(Rosmarinus officinalis) agueous extract against thes e effects. Fifteen male rats (180-230 g, 4-5 months old)
were divided into three groups (n = 5 per group): a control group receiving a normal diet and water, a second
group administered 2 g/kg of fructose, and a third group receiving 2 g/kg of fructose plus 50 ml of rosemary
aqueous extract. All treatments were given orally for 30 consecutive days. Results showed that fructose
administration significantly increased blood glucose, insulin levels, insulin resistance, TNF-a, and IL-6
compared to the control group. In contrast, the group treated with both fructose and rosemary extract exhibited
significant reductions in these parameters. These findings suggest that excessive fructose intake induces
hyperglycemia, insulin resistance, and inflammation, while rosemary extract may mitigate these adverse effects
through its hypoglycemic and anti-inflammatory properties.

Keyword: fructose, rosemary, insulin sensitivity, interleukin-6, tumor necrosis factor (TNF-alpha)
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Gyl § Aol DogaY)
sloll § anl3] 39 ddludl olir a5 e panl Grob Ggmmun S Je 39Sl S Yo Jguamdl o5 @

Wang pesd] i oo (25702 2) deymg 32 S o (1) glse deyandl 013yl cllac] (5 o ylaiial
. (et al.,2020)

o3llac] wis satell sloll (§ (aliiall L9365 s Juandl 8] i) Glall palicall juass o5 o
.(Abdelhalim et al.,2015) el 0)9 0o (57 peke 50) dsyzm 416 U o (1) 2819y Ol ALY
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gl LgleSdl whlasYl elyz] (e Digie dys -80 B)ly> dys s
gzl AUl ColylasYI

Insulin ¢Ws«Yly France-Biolabo 4y zU| e (Kit) plaswiwl Glucose sSesdl 1Sy yads o

9 (Sunlong-China) 45 ] oy (Kit) 858l Gy de gaze plusiwwly  insulin resistancec swdd! dogliog
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insulin
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(ng/m)
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Risistan
FRC 188.70 7.75 188.7+7.75 a
(Pg/ml)
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TNF-a
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«ll3S (Kyriazis et al., 2012). b LIS (3 (gl Sgien po oo o ilon S0 31,31 1o 3000 Y 548,41

IB] Cu oy 593850l guly JSiw O Lialb crbian! crialyall OF (Elliott et al., 2005) gl wyelsl
(gl by 558500l (o Alaizee AN ) pdo las pd guud))

2SI oy Lol Slas o sy Loo SU1 § 091 (515 J] 5352 3575581 (o B8 s Ilginl 01 LS

Ziolkowska ) cWgusYl deglie I (5352 bee ¢cnd g LSl Aol (y0 iy (NAFLD) 9=l e (sl

P35 3 g Lo 929 cigll 83039 dngad! H3m Lae el i) 5938580l Bam clld J) LT (et al., 2021
.(Shapiro et al., 2008) ¢ gwud doglio

102



Oluhyl 15 N9 IL-69TNF-0 Jio dolgV! OluSgaud] by gLl Lol o) gud)l doglie oy
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