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— About the Journal

The “Pure Sciences International Journal of Kerbala”, published quarterly and distributed internationally
by the College of Education for Pure Sciences provides a forum for publication of significant science
advancements and developments in chemistry, biology, computer, physics, mathematics and interdisciplinary
areas of science. All prospective authors are invited to submit their original contributions on new theoretical
and applied aspects of growing research. All manuscripts submitted, including symposium papers, will be
peer reviewed by qualified scholars assigned by the editorial board.

You are cordially encouraged to use this journal as a means of dissemination of information on the various
facets of science and technical problems; and to impart specialized knowledge, quality and excellence to
strengthen the perception of technological resources and needs of the world. The PSIJK is looking forward to

receiving your assistance to working together to develop a worthwhile, high quality journal.

Aims and Scope

The objective of the Pure Sciences International Journal of Kerbala is to provide a forum for communication
of information among the world>s scientific and technological community and Iraqi scientists. This
journal intends to be of interest and utility to researchers and practitioners in the academic, industrial and
governmental sectors. All original research contributions of significant value in all areas of science discipline
are welcome.

This journal will publish authoritative papers on theoretical and experimental research and advanced
applications embodying the results of extensive field, plant, laboratory or theoretical investigation or new
interpretations of existing problems. It may also feature - when appropriate - research notes, technical notes,
state-of-the-art survey type papers, short communications, letters to the editor, meeting schedules and
conference announcements. The language of publication is English. Each paper should contain an abstract
both in English and Arabic. However, for the authors who are not familiar with Arabic language, the publisher
will prepare the translations. The abstracts should not exceed 250 words.

All manuscripts will be initially checked for plagiarism and then peer-reviewed by qualified reviewers. The
material should be presented clearly and concisely:

-Full papers Authors are urged to be succinct; long papers with many tables and figures may require reductions
prior to being processed or accepted for publication. Although there is not an absolute length restriction for
original papers, authors are encouraged to limit the text to =5,000 words (including references) and references
up to 40.

-Review papers are only considered from highly qualified well-known authors generally assigned by the
editorial board or editor-in-chief. Author of review papers should have high qualifications with distinct
developed research area, an outstanding scholar with an extensive publications.

-Short communications and letters to the editor should contain a text of about 3000 words and whatever
figures and tables that may be required to support the text. They include discussion of full papers and short
items and should contribute to the original article by providing confirmation or additional interpretation.
Discussion of papers will be referred to author(s) for reply and will concurrently be published with reply of

author(s).

—— EDETIN. ——
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Instructions for Authors

Submission of a manuscript represents that it has neither been published nor submitted for publication
elsewhere and is result of research carried out by author(s). Presentation in a conference and appearance
in a symposium proceeding is not considered prior publication.

Authors are required to include a list describing all the symbols and abbreviations in the paper. Use of
the international system of measurement units is mandatory.

-On-line submission of manuscripts results in faster publication process and is recommended.
Instructions are given in the PSIJK web sites https://journals.uokerbala.edu.iq/

-Hardcopy submissions must include MS Word and jpg files.

-Manuscripts should be typewritten on one side of A4 paper, double-spaced, with adequate margins.
-References should be numbered in brackets and appear in sequence through the text. List of references
should be given at the end of the paper.

-Figure captions are to be indicated under the illustrations. They should sufficiently explain the figures.
-Illustrations should appear in their appropriate places in the text.

-Tables and diagrams should be submitted in a form suitable for reproduction.

-Photographs should be of high quality saved as jpg files.

-Tables, Illustrations, Figures and Diagrams will be normally printed in single column width (8cm).
Exceptionally large ones may be printed across two columns (17cm).

This journal makes articles available online as soon as possible after acceptance. This concerns the
accepted article (both in HTML and PDF format), which has not yet been copyedited, typeset or
proofread. A Digital Object Identifier (DOI) is allocated, thereby making it fully citable and searchable
by title, author name(s) and the full text. The articlers PDF also carries a disclaimer stating that it is an
unedited article. Subsequent production stages will simply replace this version.

The Pure Sciences International Journal of Kerbala is an open access journal: all articles will be
immediately and permanently free for everyone to read and download. To provide open access, this
journal has an open access fee of USD 100 excluding taxes (also known as an article publishing charge
APC) which needs to be paid by the authors or on their behalf e.g. by their research funder or institution.
If accepted for publication in the Journal following peer review, authors will be notified of this decision
and at the same time requested to pay the article processing charge. A CC user license manages the reuse
of the article.

-Author(s)’ bio-data including affiliation(s) and mail and e-mail address(es).

-Manuscript including abstracts, key words, illustrations, tables, figures with figure captions and list of
references.

-MS Word file of the paper.

The following list will be useful during the final checking of an article prior to sending it to the journal

for review. Please consult this Guide for Authors for further details of any item.
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Publication Ethics

1. Author responsibility

The authors are exclusively responsible for the contents of their submissions, the validity of the experimental
results and must make sure that they have permission from all involved parties to make the data public.

It is the responsibility of each author to ensure that papers submitted to PSIJK are written with ethical
standards in mind, concerning plagiarism.

Please note that all submissions are thoroughly checked for plagiarism. If an attempt at plagiarism is found
in a published paper, the authors will be asked to issue a written apology to the authors of the original
material. Any paper which shows obvious signs of plagiarism will be automatically rejected and its authors
will be banned for duration of three years from publishing in PSIJK. The authors will receive proper
notification if such a situation arises.

Information on what constitutes plagiarism is provided below.

2.Plagiarism: Definition and Context

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

Plagiarism may constitute the following:

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

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

Self-plagiarism, as a related issue, is the word for word or almost word for word reproduction of portions
of one>s own copyrighted work without proper citation of the original material. Self-plagiarism does not
apply to publications based on the authors own previously copyrighted work (for example from conference
proceedings) where proper reference was given for the original text.

International Journal of Engineering editorial board will place any plagiarism-related investigation at high

priority and will take appropriate action as needed.
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ABSTRACT

Low affinity energy thresholds were precisely tailored into the ZnsSe; cluster's molecular
geometry configurations. The structural and electronic characteristics of the Zn;Se; composite were
examined using the 6-113G (d, p) basis set for density functional theory calculations (DFT/B3LYP).
Comprehensive vibrational mode frequencies were methodically examined using potential energy
distribution as a basis for analysis. The energy band gap (Eg) for the Zn;Se; structured was computed
and plotted HOMO and LUMO, or high occupied and low unoccupied molecular orbitals, are frontier
values. The result is the value of Eg (0.0383) eV. The molecular electrostatic potential as well as
surface and contour diagram of Zn3S; were determined, along with electronic properties of the stated
structures.  These include IP, EA, Ef, Eg, Cp, yx mn S and o.

1. INTRODUCTION

Zinc selenide (ZnSe) is a light-yellow binary
compound (11-VI) semiconductor that has a wide band
gap (2.7 eV). The low resistivity, and great
photosensitivity are just a few of the extremely desirable
properties of this semiconducting material. There are
two crystalline forms of zinc selenium: wurtzite (a
hexagonal form) and zinc blende (a cubic form), with
the cubic phase being thought to be stable. The electron
affinity of ZnSe is 4.09 eV. ZnSe is often manufactured
as an-type semiconductor, like the majority of I1-VI
group 7 semiconductors, although producing a p-type is
challenging [1].

Owing to its large and direct band gap, it can be
used as both emitters and detectors in optoelectronic
devices. It is beneficial for optical parts of windows with
high strength lasers. Because of its broad transmission
wavelength range of 600 nm to 2000 nm, it is also
employed as an infrared optical material. It is frequently
utilized as a transmission window in ATR prisms, night
vision applications, and infrared spectroscopy.
Electronic structure can be found in chemical and

*Corresponding Author Institutional Email:
aula.m@uokerbala.edu.iq (Aula Mahdi Al Hindawi)

physical systems through the use of Density Functional
Theory (DFT), a quantum mechanical modeling tool [2].
Additionally, ZnSe can be employed in high resolution
thermal imaging systems to rectify color distortion that
is frequently present in other lenses that are part of the
system. To validate the results of experiments, DFT has
shown to be an invaluable research tool [3].

Chemical interactions can be studied at better scales
recognitions to combinatorial phenomena, in especially
the low cost (DFT) technique, which theoretically gives
material design predictions through geometrical
structures [4].

Furthermore, when theoretical research is “confirmed"
for a particular experiment, the more quantitative
predictions of events the more broadly accepted the
entire theory which is made and validated by experiment
[5]. However, a number of theoretical investigations
have been cited and considered in real-world
applications as gas sensors [6].

Recently, the ZnSe molecules' electrical and structural
properties as nanotubes with varying amounts of ZnSe
atoms have been studied using DFT theory [7, 8].

This paper demonstrates that the ground state (GS) and
other characteristics of a many-electron system may be
determined using DFT.

Aula Mahdi Al Hinda Wi, Jihan Hameed Abdulameer, and Sharmee Sahib, Computational Study for the Electronic and Molecular Properties of

Zn3Se3 Clusters, Pure Sciences International Journal of Kerbala, Vol. 2, No. 5, (2025) 11-17
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2. COMPUTATIONAL DETAILS

Density functional theory (DFT) has been
applied to many-electron systems to study their
electronic structure and behavior, and it has influenced
the quantum mechanical approach. The electron density
distribution is understood in physics and chemical
sciences through the application of functional analysis.
DFT is by far the most popular and adaptable
computational method chemistry and physics. It has also
demonstrated effectiveness ins simulating the ground
state properties of materials. Utilizing DFT theory and a
basis set comprising 6-311G**, this study employs a
modified Lee-Yang-Parr (Becke, three-parameters, Lee-
Parr) strategy. The heavy-atom polarization set d-
function is represented by the first asterisk above basis
G. But the second symbol, which sometimes needs to be
expressed as 6-311G (d, p), shows the polarization of
the hydrogen atoms' p-functions [9, 10]. These formulas
and theories were all part of Gaussian 09 and Gaussian
View 6.0 [11]. Precise molecular geometries
optimization was necessary to provide reliable results
and reduce the thresholds for convergence. The
frequency of typical vibrations were also determined the
self-consistent field (SCF) that can solve equation,
which validated the decreased energy at geometric
optimization. Three Zn and three Se atoms make up the
chemical structure of the ZnsSe;s cluster, as illustrated in
Figure (1).

-

P

Figure 1. Using basis set 6-311G**, the DFT approach
optimized the structures of (ZnsSes).

Calculations  were performed on the
compounds' ionization potential (IP), which is the
energy required to break the structural unit of the
weakest electron attachment to the nucleus, Fermi level
energy (Ef), and energy of bandgap (Eg). Electron
energy is the energy generated when an electron is
introduced to a gaseous atom, affinity (EA), and it may
be calculated after determining the following equations
to find the Lowest Unoccupied Molecular Orbital
(LUMO) and Highest Occupied Molecular Orbital
(HOMO) energies. [12, 13].

Electron extraction is more difficult at higher ionization
energies.

Eg = ELUMO — EHOMO @)
IP=-EHOMO (2)
EA=-ELUMO  (3)

Ef = (EHOM + ELUMO) /2  (4)

Moreover, the identities of the quantum molecules are
(Cp, %, m, S, and ). Typically, these descriptors look
like this: the following metrics are provided by [14, 15]:
electronegativity (), which measures an atom's capacity
to draw electrons into chemical bonds; Softness (s),
global hardness (1), and electrophilicity index ().
Bonds in a semiconductor, the energy that can be
absorbed or released due to a change in the number of
particles is called the ferry energy when the electron
system is at absolute zero temperature. This energy is
also known as the chemical potential (Eq.).

Cp=—x ®)

x=IP+EA /2 (6)

n=IP-EA /2 @
S=1/n )
o=-y*/2n (10)

3. RESULTS and DISCUSSION
3.1 Vibrational Frequencies & FTIR spectra

The number of normal vibration modes of non-

linear molecules can be computed using the equation
(3N'®), where N is the number of atoms. As a result, the
six-atom Zn3Sez molecule, twelve vibrational modes
were found from the pattern's lowest frequency to its
highest mode. These frequencies are shown in Table 1.
In the range (290.94 291.62) cm?, the highest
frequency modes are (11and 12).
Conversely, the DFT-B3LYP levels with the 6-311G**
basis set were used to compute the IR spectra of the
investigated structure in the region of 0-4000 cm™.
Figure 2 depicts the Zn3Se; FT-IR spectrum.



TABLE 1. The frequency range of ZnsSes 's typical
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vibrational modes, in order of lowest to highest

MODE7 169.10

MODES 169.64

MODE9 174.18

MODEI10 271.59

MODEI11 290.94

MODEI12 291.62

No. Mode | Frequency/ Structure
-1
cm

MODE 1 61.27

MODE2 61.35

MODE3 85.42

MODE4 85.42

MODES5 93.55

MODE6 152.67

Trequancy (cm ')

Figure 2. The FTIR spectrum for Zn3Se3

Additional peaks with signs at (1800, 800, and 1800)
cm-1 correspond to the ZnsSes; (DFT), ZnSe, and they
are ascribed to the Zn-Se bond's stretching vibrations
[16, 17].
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3.2 Electronic Properties

A significant amount of complexity has been
added to the model known as molecular orbital theory
(MQOTs), which addresses many different facets of
orbital bonding, energy, chemical processes, and
characterization. The highest occupied molecular
orbitals (HOMOs), which have the highest energy, are
those that have electrons occupying them. The second is
known as the lowest energy unoccupied molecular
orbital, or LUMO that is devoid of electrons. The DFT
method with the 6-113G** basis set was used to
calculate the values of the molecular orbitals for Zn3Se3
. The (1-10) Equations were used to a useful index of
the interaction system which is the HOMO, LUMO, and
HOMO-LUMO (Eg). It can be used to calculate the
electronic characteristics IP, EA, Ef, Eg, Cp, x, 1, S, and
®. Zn3Ses 's electrical characteristics are shown in Table
2.
Figure 2 demonstrates the ZnsSes cluster's electronic
properties and makes the HOMO and LUMO MOs for
the molecules in question be clear. The energy gap (Eg)
rises as more polymer is added, indicating that the
ZnsSes particles are affected, strongly supporting the
idea of quantum confinement, and the larger value for
the band gap (the smallest nano particle diameter) [18].

Table 2. Demonstrates the electronic properties of ZnsSes

Properties Zn3Se3 (DFT)

Eromo -0.23784

ELumo -0.19951

Ef/eV -0.218675

Eg/ eV 0.03833

IP/eV 0.23784

EA/eV 0.19951

CpleVv -0.21867

x eV 0.21867

n leVv 0.01917

S/ (eVv)? 52.164

w/ev -1.247
LUMO

Eg=0.0383 Eg = ELUMO —
EHOMO

HOMO

Figure 2. Frontier molecular Zn3Se3 features: Eg and
HOMO/LUMO orbitals

3.3 Molecular Electrostatic Potential

In order to assess the relationships and non-
covalent interactions between molecules at a distance
from one another and to look into repulsive or attractive
interactions, density of the electron with charge, the
molecular electrostatic potential (MEP) diagram,
B3LYP calculations using basis set 6-311G(d,p),
and nonlocalized dispersion among the structure’s
reactions were used [19]. Figure provided a description
of these interaction zones for the molecule to depict
three areas of contacts based on the electron density
function. Blue zones illustrate the nature of hydrogen
bonding. Green zones denote the Van der Waals
bonding (VdW), while red areas represent repulsive
interactions [20]. Moreover, the benefit of the molecular
electrostatic potential scheme is a helpful instrument to
look into how responsive the systems under study are to
either nucleophilic or electrophilic assaults, depending
on the charge distribution. The color-coded system for
two regions is represented by the colored line in Fig.
(4)'s upper border: the red and blue regions between -
8.065x102 and 8.065x10?, and the ZnsSes cluster's
range from -4.036x10-4 to 4.036x10*. The red-colored
negative charge concentrations indicate the acceptor of
an H-bonding molecule. In contrast, the second zone
shows the donor of the H-bonding's positive charge
densities in the blue ruler [21].

2D
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3D

Figure 4. Charge MEP is the ZnsSes surface surfaces diagram;
MEP contour surface of ZnsSes; densities distribution as color-
coded ruler in top adage (red color for negative charge and
blue for positive charge).

The top surface, however, will be the only one
visible if all Zns;Se; Plots of surfaces are made using
every isosurface value. To view the surfaces of all the
molecules under study, just draw the contours of each
surface surrounding the molecule, as
the ZnsSes cluster illustrates in Figure 4.

4. CONCLUSION

Here
information:
-DFT Calculations: Density Functional Theory (DFT)
calculations were performed using the 6-311G(d, p)
basis set and the B3LYP hybrid functional.

- Zn3Ses Cluster: structural and electronic properties of
a ZnsSes cluster (three Zn and three Se atoms) were
theoretically calculated.

- Comparison: the same DFT calculations were
performed for another similar molecule for comparison.
Spectral lines such as FTIR spectra were examined.

- Spectral Agreement: The active peaks in the
theoretical and experimental FTIR spectra aligned well,
confirming the accuracy of the calculations.

- Vibrational Modes: Twelve vibrational modes were
observed for the ZnsSe; molecule, within a frequency
range of 0 cm™.

- Energy Gap (Eg): The HOMO-LUMO energy gap (Eg)
was calculated. The energy gap increased from 4.031 eV
to 4.459 eV after adding a polymer to the ZnSe cluster.

- Quantum Confinement: the findings support the
quantum confinement effect, demonstrated by a higher
band gap value and minimum nanoparticle diameter in
line with experimental results.

- MEP Analysis: Molecular electrostatic potential
(MEP), surface and contour diagrams, and estimated
charge densities were calculated, showing nucleophilic
and electrophilic attack points.

is a bullet-point summary of the
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The grafted nanocopolymers were synthesized via an esterification process, where the first
step was to generate a linear copolymer by reacting terephthalic acid with glycerol. Then, a certain
amount of maleic anhydride was added to the resulting linear copolymer solution to obtain the grafted
PTGM nanoparticles. The prepared nanopolymers were characterized using FT-IR spectroscopy, 'H-
NMR, and atomic force microscopy (AFM). The average particle height was 8.3 nm and was exposed
to three different temperatures (298, 308, and 318 K). Four different concentrations (1, 3, 5, and 7
ppm) of the nanocopolymers were examined and it was evident that they play a vital role in the
adsorption process. The experimental results showed that the average surface area of this nanopolymer
for adsorption of dye (methyl orange) decreased with increasing temperature, indicating that the
process is endothermic. It was also observed that the highly efficient nanocopolymers were able to
successfully remove (methyl orange) from aqueous solutions.

NOMENCLATURE
DMSO DiMethyl SulfOxide Log Logarithm
PTGM Poly(_Terphtha!ic acid-CO-Glycol-G- N Number of malls
Maleic anhydride)
Wt weight g gram
Vsol Volume solvent ppm part pear million
Co The concentration at zero nm nanomater
Ce The concentration at equilibrium Temp. Temperature
Qe The amount of adsorbate substance N The adsorption intensity
Eq. equation Kf The adsorption amplitude
K Kalvin R, Reagen
mL milliliter A Wave length
AFM Atomic force Microscope Conc. Concentration

1. INTRODUCTION

Nanomaterials are materials with a limited size
range (1-100)nm[1, 2]. Controlling the size and shape at
the nanoscale allows for the characterization, design,
installation and utilization of materials, systems and
devices [3, 4]. Pollution is one of the greatest concerns.
Pollutants should be removed as much as possible, since

they pose a threat to humans, health and
aquatic organisms, and are the most significant water
pollutants (dyes, organic compounds, heavy metals,
pharmaceuticals and anything that affects or changes the
natural properties of water). Industrial dyes are common
in many modern fields including the dyeing of fabric,
hair, leather, paper, food and cosmetics[5]. Many toxic
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and deadly dyes are consumed by 2% of the wastewater

bahaaghanimi.bg@gmail.com (Ali F A. Al -Ameri) produced, which is similar to the amount produced by
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painting, and another 10% is used for textile coloring.
Water (universal solvent) increases their
susceptibility[6, 7]. Since dyes have a strong affinity for
water, and are more difficult to remove via traditional
methods, one of the most significant methods is the
adsorption method on the surface of nanopolymers.
Many toxic components in water systems, including
many scientists, tend to utilize nanomaterials, larger and
more effective adsorbents to create new and effective
materials because the particles in question have a
different interaction with each other than when they are
naturally sized [8]. Our research also showed the
capacity of poly (terephthalic acid-glycerol-G-maleic
anhydride) toads to successfully adsorb dyes.
Nanopolymers were found to be effective[9]for the
purpose of eliminating pollutants.

2. MATERIALS and METHODS
Terephthalic acid, glycerin maleic anhydride,
and other chemicals were used. All chemicals used in

this work were of analytical grade procured from E.
Merck Ltd.

2. 1. Synthesis of Graft PTGM Nanoparticles

The nanoparticles consist of terephthalic acid and
glycerol in a ratio of 2:1 (200 mL, 2.0 mol) terephthalic
acid and (50 mL, 2.0 mol) DMSO. A temperature-
sensitive cup is integrated into the vessel. The mixture is
heated to 40 degrees Celsius with a magnetic stirrer and
then (92 g, 1.0 mol) Glycerol is incorporated into the
mixture. Next, heat the mixture to 120 degrees Celsius
and then add 25 ml of xylene to the vessel in 2 drop
increments until the water from the esterification
process is expelled and the vessel is only marginally
heated. After the 80-minutes incubation at 145 degrees
Celsius, the temperature will be decreased because the
water no longer facilitates the generation of
nanopolymers. The proposed equation would then state
that the reaction vessel should be decreased to around
50 degrees Celsius. This is evident in the figure. The

original formula for linear polymer creation (1).
COOH

H

2 + HC—C—CH, 145¢ 80 min.
-(n-1) H20
OH OH OH @1
COOH
Terephthalic Acid Glycerol

o
H, H H, // A
C—O—C —cI—C —0—C C—+-OH

Equation 1. The initial stage of linear polymer synthesis.

In the second step, the anhydride maleic (0.5
mol, 49 g) was solving in 10 mL DMSO, heated to 40
°C and added it to the mixture (created in the first step).
The beaker was gradually heated to 90 degrees Celsius,

and then xylene was added in small doses. (2 drops per
batch to remove water) until no more water came out
after 40 mins at 105 °C. This was used to produce
PTGM nanoparticles. The reaction flask was allowed to
cool to room temperature and then cold distilled water
was added to the resulting suspension after 6 h. The
suspension was then allowed to settle overnight as
shown in Eq. (2) and then filtered, washed with distilled

water and dried..
c}»cu +Q

H, H H
n—to—c* —cC (‘: Cc—0—
Maliicanhydride

Liner - CO-Polymer

OTH (1-w)-
“urw of / DS01

0
H, H H v A
c 0—C —C—C —0—C C-CH,
|
[
0—*c—cffc—c:u

[
‘ 0 0
7 \
—0— c L—C —0—C C+CH,
n

Poly(Terphthalic acid-CO-Glycol-G-Maleic anhydride)
(PTGM) Nano Particles

Equation 2. The second stage of the synthesis of graft PTGM
nanoparticles

2. 2. Polymer Purification

Since the nanopolymers may be contaminated with
trace amounts of unreacted solvent or monomers, they
must be filtered. After separation, the synthesized
nanopolymers are dissolved and precipitated using an
appropriate solvent. According to the recommended
protocol, a concentration of 5% is added while
continuing to "stir" vigorously [10]. The polymer and
solvent are miscible with the non-solvent. Once the
solid polymer is formed, it is separated from the
solution. To enhance the purity of the polymer, repeat
the melting and re-emplacement process 3 times [11].
After cleaning, the nanopolymers are prepared for use.
The new synthetic polymers are heated to 57 degrees
Celsius and kept in a desiccator with a vacuum for
processing and diagnostic testing [12].
2. 3. Adsorption Behavior of Grafted
Nanopolymers

The process of adsorption of the new polymers
onto dyes was studied to produce solutions containing
Methyl orange dye (active ingredient). This was
achieved by first preparing a solution of the dye in water
(0.5 g) and then diluting it to 1000 mL to achieve a
concentration of 500 ppm. From this concentrated
solution, dilution solutions with concentrations of 1, 3,
5, and 7 ppm were prepared, all by taking an appropriate
volume of the concentrated solution and then diluting it
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with 100 mL of water. The vials containing the solution
consisting of the surface-adsorbed nanopolymer and the
surface-adsorbed dye were left for 60 minutes and their
absorbance was measured after 60 minutes. The solution
came from a vibrator set at a temperature of 298K.
Samples were then taken and the absorption of the
solution was determined by observing the changes in the
visible and ultraviolet spectra as time progressed. After
determining the amount of dye (Methyl orange)
adsorbed on the surface of the new polymer material,
the following equation was established[13].

Qe = (Co-Ce) * 2 3)

3. DISCUSSION and RESULTS

Nanopolymers were created through an
esterification process and studied usingFT-IR, 'H-NMR,
and AFM. The first step is demonstrated in Figure 1:
The spectrum of the linear copolymer's FT-IR is
demonstrated in Figure 1. The spectrum has a strong,
broad band at 3,423 cm™ caused by the presence of OH
in the copolymer, and a weak band at approximately
2902 cm-1 caused by the -OH of the carboxylic acid.
Additionally, the band at around 2902 cm-' s
attributed to the -OH acid. The composition of CH sp3
and sp2 is 2544 and 2654 cm’!, respectively, and the
spectrum exhibits a strong association with the OC band
of the ester band at around 1,726 cm’'. The spectrum
exhibits weak and sharp bands at 1597 cm™ — 1158 cm’!
[14].The spectrum shows weak, but distinct bands
between 1597 and 1158 ¢cm™! and a band between 1284
and 1259 cm™ due to the C=C system of the benzene
ring. Van states that the esterification of the oil (CO) is
responsible for these bands. The spectrum is in
agreement with the pattern of the linear copolymer that
was proposed in the first step.

Figure 1. FTIR linear copolymer

Figure 2, '"H-NMR spectrum shows the signal of
the carboxylic acid group protons at 13.24 ppm and
counts of each proton in the aromatic ring in the range
of 7.53 - 8.10 ppm, while the signal is located at 6.27 -
6.46 ppm. The four methylene protons in the copolymer
structure appear, the methyl protons double at 4.24-4.50

ppm, and the triplet signal from the alcohol protons
appears at 3.44ppm. Our polymer was confirmed by this
spectrum([5].

Figure 2. The '"H-NMR spectrum of linear
copolymer The individualized second stage polymer was
created by second step infrared spectroscopy. Figure 3

depicts the FT-IR spectrum of the copolymer, which
exhibits numerous broad bands at 3550 cm™ for alcohol
-OH as well as aliphatic CH, aromatic C=H and Olefins.
= CH at 3140 cm™' and 3050 cm™!, respectively, plus a
strong, sharp band in place (1740 cm™') that is
associated with the ester bond (C=0), a band inside of it
that is linked with (CO) ester, and, based on the
spectrum's composition.It can be deduced that the
processed polymer has a structural composition similar
to that proposed in the proposed structure[15, 16].

BRUKER

Page 111

Figure 3. Graft co- polymer's FT-IR spectra

Figure 4, The 'H-NMR spectrum demonstrates
that DMSO has a signal at 2.5 ppm, multiple signals in
the 3.5-4.8 ppm range, which are associated with the
[CH2-OC = O, -CH = CH-] group, protons that have a
chemical composition similar to that of aromaticity, as
well as protons which are connected with the carboxylic
acid. These protons are considered to have a single
signal at 12.77 ppm...
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Figure 4. Graft spectrum of polymer '"H-NMR

The prepared polymer was assessed using the first
method of atomic force microscopy (AFM) for melting.
From Figure Sa,b,c, the outer surface of the linear
copolymer particles is demonstrated. The results
revealed average roughness of the linear polymeric
surface is 1.19nm, and the square root is 1.37nm, which
implies that the darkness of the surface's roughness is
dependent on the nanoparticles. Its consistency,
regularity of the crystal system, average height and
surface area of the particle are all demonstrated in
Figure 5A, all of which are 4.80. Table 1. considers the
overall percentage and various ratios of the common
linear size of nanoparticles. The results demonstrate that
the molecular width of the linear nanoparticles is 94.09,
and Figure 6. demonstrates the different concentrations
of the copolymer's linear particles in different sizes. The
results demonstrate that these polymers are copolymeric
nanoparticles, as illustrated below: Yin's Fig. (5A,B,C)
The exterior of a building comprised of linear
copolymer particles..

Figure 5. ( A, B and C ) The outer surface of the linear
copolymer nanoparticle.
TABLE 1. The total rate of the particle sizes of the linear co-
polymer nanoparticle and the different proportions of these
volumes

Instrument: CSPM Date:2018-04-23

Avg. Diameter: 94.09 nm <=10% Diameter:75.00 nm

<=50% Diameter: 90.00 nm <=90% Diameter:115.00 nm

Diam Volu Cumu Diam Volu Cumul Diam Volu Cumul
eter . eter . eter .

me lation me ation me ation
(nm) (nm) (nm)

%) (%) %) (%) (%) (%)

75.0 7.19 7.19 100.0 8.63 6835 125 144 93.53

80.0 1295 20.14 105.0 7.19 7554 130. 5.76 99.28

85.0 1655 36.69 110.0 7.19 82.73 145 0.72 100.00
90.0 11.51 4820 1150 5.04 87.77

95.0 11.51 59.71 120.0 4.32 92.09

Sample:1 Code: Sample Code

Line No.: lineno Grain No.:139

Figure 6. The diameters of linear co-polymer nanoparticles
are distributed in varied ratios.

The particle size of the second smaller copolymer
was determined using a two-steps method that involved
the use of atomic force microscopy (AFM). This
indicates that the size of the dark particles has a
significant impact on the particles' roughness. The
common crystal structure and consistent surface
composition are demonstrated in Figure 7a. Table (2)
calculates the average size of the copolymer
nanoparticles as a whole and various percentages of this
size. The results show that the molecular size of the
copolymer grafted nanoparticles is 74.39nm. Figure (8)
illustrates the distribution of different ratios of particle
size of the copolymeric nanoparticles.
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Figure 7. ( A,B,C): Atomic force microscopy image of the
grafted polymer showing the outer surface of the copolymer

nanoparticle and some of its properties.

TABLE 2. The average rate of graft copolymer's particle sizes

and the various percentages of these volumes.

Sample:1 Code: Sample Code

Line No.: lineno Grain No.:208

Instrument: CSPM Date:2019-05-31

Avg. Diameter: 74.39 nm <=10% Diameter:0.00 nm

<=50% Diameter: 70.00 nm <=90% Diameter:95.00 nm

Diam Volu Cumu Diam Volu Cumul Diam Volu Cumul

eter . eter . eter .
me lation me ation me ation

R O S O S C S O S B OO B O

55.00 10.58 10.58 85.00 7.69 7596 115.0 1.44 98.56
60.00 12.98 23.56 90.00 6.73 82.69 120.0 0.48 99.04
65.00 10.10 33.65 95.00 4.81 87.50 125.0 048 99.52

70.00 12.50 46.15 100.0 433 91.83 140.0 0.48 100.00
75.00 721 5337 1050 2.88 94.71
80.00 1490 68.27 110.0 240 97.12

Granularity Cumulation Distribution Chart

Percentage(%)

Diameter(nm)

Figure 8. Distribution of the different ratios of the sizes of
the graft co- polymer nanoparticles.

3. 1. Adsorption of Methyl orange

The titration graph is a representation of the
relationship between absorption and concentration via a
graph that is shown in Figure (10). Four different
concentrations (1, 3, 5 and 7 ppm) of the (methyl orange
dye) solution employed in the study were engaged to
differentiate  them. The absorption at these
concentrations was recorded at their greatest wavelength
as clarified in Figure 9 (max. =418 nm).

i

PR flah i o
R T T T = i
S0 iy GO
Figure 9. Maximum wavelength (A max ) for the (Methyl
orange)
y = 0.0159x + 0.0008
0.12 R? =0.9976
0.1 T
0.08 -
-Ell 06
A -
0.04
0.02 L
0 T T 1
o 2 4 6 8

Conc PPm

Figure 10. The calibration curve between absorption and
concentration of methyl orange dye.

The effect of temperature on dye adsorption
(methyl orange dye) on the surface of freshly prepared
PTGM nanoparticles in the temperature range [298-308-
318 K] is shown in Table 3. The data show that authors
observed that the amount of orange G adsorbed on the
surface of grafted PTGM particles decreased as the
temperature increased [12]. The procedure is
temperature-supporting. As the temperature increases,
any physical association (requiring a low temperature)
[17] decreases the rate of particle diffusion on the
surface of PTGM nanoparticles [18]. This implies that
there is a procedure by which the particles that are
adsorbed by the layer are separated from it and reenter
the liquid state [13]. as revealed in Figure 11.

TABLE 3. Effect of temperature on adsorption of methyl
orange dye.

Conc. 298K 308K 310K
Ce Qe Ce Qe Ce Qe
1 0.2641 0.7359 0.1383 0.8617  0.0754 0.9246
3 0.6415 2.3585 0.3899 2.6101 0.2012  2.7988
5 0.8301 4.1699 0.5157 4.4843 0.2641 4.4834
7 0.9559 6.0441 0.6415 6.3585 0.3270  6.6730
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Figure 11. The effect of temperature on the polymer at
concentrations (1, 3,5 and 7 ppm) and temperatures (298,
308 and 318)K.

3.2. Adsorption Isotherms

The association of the dye (Methyl orange) with
the nanocopolymer was investigated, and the isotherms
of relationship were determined. At a temperature of
298 K, as demonstrated in Figure (12), this
demonstrates that the surface of the adsorbent is not
uniform and that the general shape of the isotherm
according to Giles' classification is similar to the
Frendelsh principle of type S1 [19, 20].

TABLE 4. adsorption of methyl orange on the roof of the
nano copolymer at a temperature of 298K.

Temp. Conc. (ppm) Ce Qe
1 0.2641 0.7359
3 0.6415 2.3585
298K
5 0.8301 4.1699
6 0.9559 6.0441
7 0.2641 0.7359
45000
40000 v
35000
30000
o 25000 v
% 20000
15000 v
10000
5000 v
0
02 03 0.4 05 0.6 0.7 038 09 1
Ce

Figure 12. Adsorption isotherm methyl orange dye on the
roof of graft co-polymer.

3.2. Freundlich’s Adsorption Equation
The Freundlich equation is one of the most
significant equations used to describe the attachment of

substances to different surfaces. Many equations exist.
The Freundlich equation for adsorption is one of the
most significant isotherms, and its expression is as
follows [21, 22]:

Cel
Qe=Kf*=" @

When entering the logarithm on the equation No. (4),
the equation becomes as shown in Equation No. (5) and
through it the adsorption data of the dyes were
processed according to the following linear equation of
the logarithmic Freundlich equation[23, 24]:

LogQe = Log Kf + (% ) Log Ce (5)

Ce: the equilibrium concentration of the adsorbent
in (mg/L). Qe: the amount of adsorbent at the
equilibrium (mg/g). Kf and n are isothermal constants
that represent the amplitude and density of adsorption,
respectively. Table (5) and Figure (13) determine the
degree to which disperse red 1 coating is adsorbed on
the surface of the newly created nanopolymer using the
Freundlich equation. If ore connect Log Qe with Log
Ce, we will get a direct line as illustrated below..

TABLE 5. adsorption of Methyl orange dye on the roof of a
synthetic graft co-polymer at 298 K (By applying the
Freundlich equation).

298K 308K 318K
Con.  pogCe- LogQe LogCe- LogQe LogCe- LogQe

0.5782 -0.1331 0.8591 -0.0646  1.1226 -0.0344

0.1982  0.3726 0.409 0.4166  0.6963 0.4468
0.0808  0.6201 0.2876  0.6516  0.5782  0.6754
0.0195 0.78133  0.1928  0.8033  0.4854  0.8243

~ W W =

TABLE 6. Freundlich constant value of adsorbed on roof of
graft co-polymer at (298K)

Temp. -N Kf R2
298K 0.7566 284315.1486 0.9866
308K 0.7003 82186.4080 0.9725
318K 0.6282 43641.5332 0.9574
A b 3
yE-1.27510+ 10091 1 yu-13238%+ 1.432
! 3‘2?“ R =09833 i - 09865 318k
. M N s “"}
& g Q d )
£ Fy . 9‘:0 .
0 1| |70 ~
05 015 035 055 075 005 04 o
Aog(e 05 Log Ce 05 og e

Figure 13. The Freundlich isothermal absorbs the methyl
orange dye on the surface of the new graft co-polymer at

) 298 K, b)308K, c¢)318K.
4. CONCIUSION
This new nano-doped copolymer was

synthesized by reacting terephthalic acid with glycerol
to form a linear copolymer and adding malic anhydride
in the first step. This is how the nano-doped copolymer
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was prepared. Our study showed that the nano-grafted
copolymer was very effective in removing dyes and
pollutants at a temperature of 25 degrees and neutral
acid by adsorbing the effective methyl orange dye on
the adsorbent surface. It has a crystalline structure.
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ABSTRACT

Polycystic ovarian syndrome (PCOS) is characterized by several symptoms, such as

hirsutism hyperandrogenism, amenorrhea, anovulation, sterility, as well as metabolic and endocrine
disorders. This study was conducted to evaluate the efficacy of an extract from the roots of Asparagus
officinalis L. in treating female rats with induced polycystic ovarian syndrome. In this study, the impact
of 400mg/kg of asparagus officinalis L. roots extract on the polycystic ovarian syndrome was
examined over a period of 28 days in order to scrutinize the effects of asparagus officinalis L. roots
extract on letrozole-induced polycystic ovary syndrome.
Thirty female albino rats were chosen. They were divided into five groups. Group 1 Control, Group 2
asparagus officinal is Extract 400 mg/ kg for 28 days, Group 3 is the PCOS inducer. Rats were given
letrozole (1 mg/kg) orally for 28 days in a 0.5% Carboxy-Methylcellulose (CMC) solution. Group 4 is
a treatment group in which the animals were dosed with letrozole for 28 days. After that, they were
dosed with asparagus root extract for another 28 days, and Group 5 is the preventive group, which
received asparagus root extract for 28 days. Then, it was dosed with letrozole for the same period. The
Trichrome stain showed results low in stroma and collagen fibers of the structure ovaries in all groups,
including control except the PCOS group that indicates a high presence of collagen. In addition to the
number of primary, antral, and graphene follicles increased considerably. The treatment and
preventative groups showed fewer cystic follicles than the PCOS group. The findings reveal decrease
in collagen fibers by asparagus root extract. Therefore, it speeds up oogenesis and early cell divisions.

1. INTRODUCTION

Chronic anovulation, hyperinsulinemia [1], and

people prefer herbal remedies to the pharmaceuticals
mentioned above for treatment of the PCOS. [17,18,19].
In reality, asparagus officinalis L. (AR) is a food crop

elevated androgen levels are all factors in PCOS, a
group of reproductive problems that primarily affect
women. [2] This illness affects the metabolic and
endocrine systems,[3] but its underlying etiology is still
unknown. [4,5] It is the predominant cause of female
anovulatory infertility. [6], an increase in ovarian
volume, follicle collecting, and a lack of corpus luteum.
[7,8]. Several therapeutic medicines, including
metformin  [9,10,11], glucocorticoids, aromatase
inhibitors, and clomiphene citrate, have been
recommended for the treatment of the PCOS.
[12,13,14]. However, a number of negative effects, such
as nausea, vaginal bleeding, and abdominal pain, are
associated with these medications. [15,16]. Therefore,

*Corresponding Author Institutional Email:
farah.j@uokerbala.edu.iq (Farah Jawad Al-masoudi)

that has been farmed for its therapeutic properties by a
number of ancient cultures. As a result, the crop has a
long and interesting history. It is also a valuable plant
because of its medicinal and nutraceutical properties.
[20]. asparagus officinalis L. has been used to treat
cardiac issues, palpitations, dyspnea, and toothaches.
Saponins, one of its main constituents, are essential for
the anti-tumor action and lowering the risk of diseases
including obesity, diarrhea, and constipation. [21].
asparagus officinalis L. roots have diuretic and potent
cardiac sedative diuretic and powerful cardiac sedative
effects are present in A. officinalis roots. [22,23]. This
study was conducted to evaluate the efficacy of an
extract from the roots of Asparagus officinalis L. in
treating female rats with induced polycystic ovarian
syndrome.

Al-masoudi, F. J., Obeid, A. K., Al-Safy, A. H., Histochemical study for Effect of asparagus officinalis L. roots extract on ovarian histology in rat
with Polycystic Ovary Syndrome, Pure Sciences International Journal of Kerbala, Vol. 2 No. 5, (2025) 27-31
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2. MATERIALS AND METHODS
2.1. Experimental Animals

In this experiment, thirty female adult albino
rats were employed weighing 180-230 g. They were
bought at the pharmacy college Karbala University and
they were kept in breeding cages with meticulous care.
The rats were divided equally into five groups, with six
rats (n=7/group), to guarantee statistical significance
and fairness. Group 1 Normal Control, Group 2 Animals
were received asparagus officinalis roots extract 400
mg/ kg up to 28 days, Group 3 animals with induced the
PCOS by letrozole up to 28 days, Group 4 is a treatment
group in which the animals were dosed with letrozole
up to 28 days, Afterwards, they were dosed with
asparagus root extract up to another 28 days, and Group
5 is the preventive group, which received asparagus
roots extract for 28 days. Then, it was dosed with
letrozole for the same period.

2.2. Induction the pcos and prepare asparagus
officinalis 1. extract

To induce PCOS, rats were given letrozole
(1 mg/kg bw) orally up to 28 days in a 0.5% Carboxy-
Methylcellulose (CMC) solution. [24]. However, the
roots were procured from Iragi markets and fully dried
in a laboratory before being pulverized into powder,
The resultant powder was mixed with 70% ethyl alcohol
for 24 hours at room temperature to produce a solid
extract, after filtering, the mixture was dried for 48
hours. The 400 mg/kg concentration of the solid extract
was then diluted in 1 cc of distilled water. The solutions
were kept in a refrigerator until use [25].

2.3. Histological Study

After 24 hours from the last day of the
experiment, rats were given a 3-5 minute chloroform-
soaked cotton sedation. Ovaries were dissected, then
fixed by 10% formalin for 48 hours, and processed as
tissue before being employed in study.

2.4. Statistical Analysis

For the presentation of the results, standard
error of the mean (SEM) is employed. ANOVA is a
comparison of statistical variances between groups. P
0.05 served as the threshold for statistical significance.

3. RESULTS and DISCUSSION

The Masson’s trichrome stain showed results low
in stroma and collagen fibers of the structure ovaries in
all groups, including the control one Figure 1,2,4,5
except the PCOS group that indicates a presence of
fibrosis. Figure 3. Due to the absence of corpus luteum
and antral follicles, the mean number of primary
follicles in the PCOS group fell in comparison to
control and other groups, whereas the mean number of

cystic follicles in the PCOS group increased
considerably in comparison to other groups. While
corpus luteum and antral follicle counts significantly
increased in the treatment and prevention groups, the
average number of cystic follicles sharply fell in both.
Additionally, there was a rise in the quantity of ovarian
follicles in the group consuming Asparagus roots extract
TABLE 1. Letrozole, an aromatase inhibitor, was
administered to female Wistar rats in the study to induce
polycystic ovarian syndrome. [26]. The collagen fiber
density in the control group and the other groups that
received 400 mg of Asparagus root extract decreased,
according to the results of histological sections stained
in trichrome. In contrast, with including the asparagus
group without cyst formation, the therapeutic group and
the preventive group, compared with the cyst formation
group, which was characterized by fibrosis around the
cystic follicles and the stroma. The strong staining in the
ovarian cortex is also attributed to an increase in the
theca externa layer because it is composed of collagen
fibers, which led to its deposition in the ovarian cortex
[27].

When ovarian follicles grow and develop, the
connective tissue's constituents, particularly the forms
of collagen around them, go through significant
modifications [28].PCOS is characterized by abnormal
collagen synthesis and increased ovarian stroma volume
and density [29].In this case, the ovary is characterized
by an increase in androgen production in the ovary with
a thickness of the tunica albuginea and the appearance
of fibrous ligaments in the ovarian cortex consisting of
many cystic vesicles [30]. Additionally, the extract from
asparagus roots contained a variety of amino acids,
vitamins, minerals, and estrogenic compounds that
promoted follicle growth and maturation and decreased
fibrosis. [31] Such substances as quercetin, tryptophan,
and arginine, [32] which function as intermediary
factors to activate the activity of hormones, also
regulate the action of hormones. Granulosa cells also
help ovarian follicles differentiate and expand by
secreting estrogen, which controls its activity and thins
the integumentary layer [20,33].

These results agree with those from the preceding
studies [34,35,36]. The results of histopathological
measurements in the group of animals treated with
letrozole in which polycystic ovaries were induced
showed a significant decrease (P<0.05) in the numbers
of ovarian follicles and corpus luteum and a significant
increase (P<0.05) in the number of cystic follicles. It is
an aromatase inhibitor, which negatively affects
hormone levels, thus leading to interruption of ovulation
and infertility of the ovary [37]. The table also offered a
significant increase (P<0.05) in the total number of
ovarian follicles and the corpus luteum and a significant
decrease (P<0.05) in the number of cystic follicles for
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the groups treated with asparagus ovarian,The reason
for this increase is due to the properties of the asparagus
root extract from the effective and biologically active
compounds, as quercetin promotes the growth of
ovarian follicles [38], and arginine and aspartic acid
participate in the formation and maturation of eggs due
to the stimulatory ability in the response of the pituitary
gland that releases gonadal hormones [39,40].
Conclutoin asparagus showed helpful effects in
letrozole induced pcos in female wistar rats. Its effect
was comparable to that of clomiphene citrate, most
widely used treatment for ovulation induction in pcos
condition. These results suggest that asparagus roots
may be a potential natural supplement for promoting the
health of female reproductive systems. It is a relevant
article and participate in genuine remedies for problems
in this sector generally.

TABLE 1. The influence of asparagus officinalis L. on
ovarian follicle numbers in adult female rats.

Parameters control Asperges  PCOS

Treatment preventive

Primodial F.

. 6.5 1.84 4.6 3.67
+0.21° +0.222 +0.26¢ +0.20° +0.21¢
Primary F.
4.33 55 1.33 3.66 2.67
+0.21>  +0.22*¢  +0.21°  +0.21° +0.21¢
Secondary F
3.3 4.6 0.67 2.8 1.67
+0.21° +0.212 +0.21¢ +0.17°¢  +0.219
Graphain F.
2.5 35 0.50 1.83 1.17
+0.22° +0.222 +0.22¢ +0.17°¢ +0.17¢
Corpus L
45 5.66 0.33 3.83 2.83
+0.22  +0.21*  +0.21°¢  +0.17° +0.17¢
Cysts F.
0 5.83 1.66 3.50

+0.00¢  +0.00¢ +0.318 +0.33¢ +0.34°

The values are displayed as mean +SD, values in the same column with
different letters, statistically significant (P <0.05)

Figure 1. Histological section in ovaries in control group
Shows less

of stroma (arrow)secondary follicle (SF), Primary follicle (PF)
(masson trichrome stain X10).

Figure 2. Histological section in ovaries in asparagus group
Shows graafian follicle (GF), corpus luteum (CL) (masson
trichrome stain X10).

Figure 3. Histological section in ovaries in PCOS group
Shows aggregation of stroma plenty (collagen fibers) (arrow),
Cysts follicle (CF) (masson trichrome stain X10).

> S

Figure 4. Histological section in ovaries in treated group with
asparagus Shows less of stroma (collagen fibers) (arrow),
graafian follicle (GF), Primary follicle (PF) (masson trichrome
stain X10).
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Figure 5. Histological section in ovaries in preventive group
Shows less of stroma (collagen fibers) (arrow), secondary
follicle (SF), Primary follicle (PF), corpus luteum (CL) , Cysts
follicle (CF) (masson trichrome stain X10).
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ABSTRACT

The study aimed to demonstrate the side effects of certain drugs currently used as

antibiotics. The research examined the effects of erythromycin at both the cellular and molecular
levels, as well as the potential protective role of vitamin C. A total of 25 male white rats Mus musculus
were used in the experiment for 14 days. The study was conducted in the laboratory of the College of
Science University of Babylon in May 2024 .The animals were divided into five groups, with five rats
in each group. The first group was the control group, while the second and third groups received the
drug at concentrations of (15, 30) mg/kg, respectively, as treatment groups. The fourth and fifth groups
were dosed with the drug at the aforementioned concentrations along with vitamin C at a concentration
of (100) mg/kg as protective groups.
The results of the experiment showed structural abnormalities in chromosomes, including deletions in
the treated groups (G2, G3), specifically in dicentric chromosomes. Additionally, breaks and ring
chromosomes were observed in the treated groups compared to the control group. However, the results
of the protective groups (G4, G5) showed a significant reduction in the rates of these abnormalities.
The results also indicated a significant decrease in the proportion of non-fragmented DNA, and a
significant increase in the mean DNA fragmentation was recorded in groups (G2, G3), while no such
observation was made in groups (G4, G5). High DNA fragmentation was found only in group (G3),
which received a concentration of (30) mg/kg, but this was not observed in the other experimental
groups.

1. INTRODUCTION

in pharmacies. However, these drawbacks have

Erythromycin a drug from the macrolide group, is
characterized by its broad-spectrum effect against
bacteria and is considered more effective than penicillin.
Therefore, it is used in the treatment of many infections
[1]. Erythromycin is part of a large therapeutic group
composed of more than 13 compounds or drugs that
were first extracted over six decades ago in the 1950s.
However, it quickly showed many drawbacks, including
side effects for patients, poor solubility in water (H20),
and instability in gastric acids, all of which lead to
reduced bioavailability and limited therapeutic
effectiveness [2]. Despite the side effects associated
with erythromycin treatment, such as nausea, abdominal
cramps, and hepatotoxicity, among others, it is still used

*Corresponding Author Email:
hhkk65130@gmail.com (Hatem Karim Jassab)

limited its oral use [3]. Many studies and research have
been conducted on erythromycin to overcome these
disadvantages, eventually leading to modifications in
the chemical structure of the drug for safer use and
increased effectiveness against microbial infections [4].
The use of dietary supplements in alternative medicine
as adjuvants to chemical drugs aims to reduce side
effects on the body or enhance their effectiveness. One
of the compounds used alongside certain drugs,
including erythromycin, is vitamin C [5]. Vitamin C,
also known as ascorbic acid, is a water-soluble vitamin
found in fresh foods, particularly citrus fruits and
vegetables. It is important for the body's functions and
for protecting the mucous membranes in the respiratory
tract, shielding them from infections and microbial
inflammation. It was discovered in the early 20th
century [6]. Vitamin C acts as a cofactor or substrate for
many neurotransmitters and enzymes, participates in
collagen synthesis, serves as an antioxidant, protects the
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heart from stress, and improves iron absorption in the
intestines [7]. Vitamin C is a micronutrient with
multiple roles, particularly in electron donation. It is a
powerful natural antioxidant and an enzyme cofactor,
contributing to the body’s immune system and acting as
a protective agent against the toxicity of many
compounds and drugs used today. Vitamin C
accumulates in immune phagocytic cells, which helps
increase ROS (reactive oxygen species) in immune
complexes, thus killing microbes. Additionally, vitamin
C plays a role in regulating gene expression [8].

The comet assay, also known as the single-cell gel
electrophoresis (SCGE) test, is a tool used to detect any
damage or degradation of DNA molecules. It is also
employed in assessing the effects of certain substances
at the genetic level. This test is considered one of the
most versatile, rapid, and accurate methods for
obtaining results. It is a highly sensitive and fast-
responding technique for detecting single and double-
strand breaks in DNA, which are caused by various
physical and chemical factors in eukaryotic cells [9].

2. MATERIALS AND METHODS
2.1. Experimental Animals

A total of 25 male white rats Mus musculus were
used in the experiment, with ages ranging between 10-
12 weeks and weights ranging from 215-265 grams. The
rats were fed a diet consisting of a mixture of various
grains, supplemented with powdered milk.

2.2. Experimental Design
The rats were divided into five groups as follows:

1. First Group (Control Group): Consisted of 5 rats,
which were given a saline solution at a
concentration of 0.5 ml.

2. Second Group (Therapeutic Group): Consisted of 5
rats, which were given erythromycin at a
concentration of 15 mg/kg.

3. Third Group (Therapeutic Group): Consisted of 5
rats, which were orally administered erythromycin
at a concentration of 30 mg/kg.

4. Fourth Group (Protective Group): Consisted of 5
rats, which were given erythromycin at a
concentration of 15 mg/kg along with vitamin C at
a concentration of 100 mg/kg.

5. Fifth Group (Protective Group): Consisted of 5
rats, which were given erythromycin at a
concentration of 30 mg/kg along with vitamin C at
a concentration of 100 mg/kg.

The concentrations for the drug and the vitamin
were determined as follows:
- The dosage of vitamin C was calculated based
on a previous reference [10].

- The dosage of erythromycin was determined
according to pharmacokinetic data [11]. The
experiment lasted for two weeks.

2.3 Sample Collection

The rats were Animal sacrificing , and a blood
sample of 5 ml was collected via cardiac puncture for
testing. The blood was placed in specialized tubes and
centrifuged at 4000 rpm to separate the serum, which
was then stored at 4°C. Afterward, the animals were
dissected to collect bone marrow samples from the
femur and sternum for genetic testing.

2.4 Tests
1- Comet Assay

The comet assay was used to measure DNA
damage using the OX Select Comet Assay kit. All
required reagents and materials were prepared in
advance, including comet agarose gel (Comet LM
Agarose), Green Stain Solution, antifade solution,
alkaline unwinding solution, and electrophoresis buffer
for the assay. The procedure was carried out according
to the steps outlined in a reference [12]. A ready-made
software program on the computer was used to perform
the necessary calculations for each sample [13].
2- Chromosomal aberration test

Slides were prepared after carefully dissecting the
animal. After preparation, the slides were stained with a
2% methylene blue solution for 12 minutes. The slides
were examined using an oil immersion lens [14], and
non-dividing cells were counted according to the mitotic
index using the following formula:

Mitotic Index (MI):Number of Dividing Cells % 100

Total Number of Cells

2.5 The Statistical Analysis

The statistical analysis of the experiment
was conducted according to the completely randomized
design to study the effect of the drug efficacy and the
protective role of Vitamin C in male white mice using
the tow-way analysis variance and LSD test for
significant difference to show the significance of the
difference between the arithmetic means of the
experimental variables. All statistical analyses were

conducted using the ready statistical program 25.
SPSS.V.

3. RESULTS
3.1 Effect Of Erythromycin And The Protective
Role Of Vitamin C On Chromosomal Aberration
Rate

The results shown in Table 1 indicate a significant
increase (P<0.05) in the appearance of chromosomes
that experienced deletions in the third group, which was
administered erythromycin at a concentration of 30
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mg/kg, compared to the control group. In contrast, the
fifth, fourth, and second groups did not show a
significant difference in chromosomal deletion. The
results also revealed a significant increase in the
presence of dicentric chromosomes, especially in the
third group compared to the first (control) group, while
no significant differences (p>0.05) were observed in the
second, fourth, and fifth groups regarding dicentric
chromosomes. There was a noticeable increase in the
occurrence of acentric chromosomes in the therapeutic
group that received erythromycin at a concentration of
30 mg/kg. However, the fourth and fifth protective
groups were not affected by the drug, while the second
group, which received 15 mg/kg, showed a lower rate of
acentric chromosomes compared to the third group and
the control.

When observing TABLE 1, the fourth, second, and
fifth groups did not show significant differences in the
appearance of ring chromosomes compared to the
control group.Yet, the therapeutic third group recorded
significant differences in the appearance of ring
chromosomes at a probability level of (p<0.05)

-

*"‘ e

Dicentric

. Figure 2. Dicentric chromosome in metaphase of bone marrow cells
in white mice of the therd treatment group (magnification 1000x)

TABLE 1. Effect of Erythromycin and The Protective Role of

, Issues 5 PSIJK 32-39

compared to the control group. The results showed the
presence of chromosome breaks in the therapeutic
groups that received erythromycin at  both
concentrations (30 and 15 mg/kg) compared to the
protective and control groups. Table 1 indicated a
statistical difference in the overall chromosomal
abnormalities between the first (control), second, and
third groups. In contrast, no significant differences were
observed in the fourth and fifth protective groups when
compared to the control.

Acentric I-A

- .

Figure 1. Acentric chromosome in metaphase of bone marrow cells
in white mice of the second treatment group (magnification 1000x)

I Ring I

. Figure 3. Ring chromosome in metaphase of bone marrow cells
in white mice of the therd treatment group (magnification 1000x)

Vitamin C on Chromosomal Aberration Rate

Deleted Dicentric - :
Groups Chromosome Chromosome ChAcentrlc Ring Broken Tota!
romosomes Chromosome Chromosomes Aberrations
Percentage Percentage
Control B B BC B C C
Group(G1) 0.191+0.0826 0.250+0.047 0.070+0.385 0.0790+0.066 0.168+0.059 1.09+0.157
Erythromycin AB B AB B B B
G2(15mg/kg) 0.320+0.871 0.299+0.073 0.429+0.122 0.181+0.105 0.263+0.076 1.095+0.157
Erythromycin A A A A A A
G3(30mg/kg) 0.328+0.162 0.604+0.108 0.521+0.212 0.308+0.104 0.320+0.821 2.015+0.372
Vitamin C
G4(100mg/kg) B B C B C C
Erythromycin 0.282+0.091 0.0.372+0.142 0.312+0.086 0.231+0.048 0.175+0.041 1.056+0.308
15mg/kg
Vitamin C G5
(100mg/kg) B B BC B C BC
Erythromycin 0.221+0.209 0.432+0.082 0.452+0.021 0.105+0.082 0.176+0.072 0.782+0,112
30mg/kg
p-value 0.018 0.011 0.007 0.001 0.002 0.004
LSD 0.236 0.138 0.134 0.208 0.098 0.363
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3.2 Effect Of Erythromycin And The Protective
Role Of Vitamin C On Dna Damage Rates

The results in Table 2 show a significant decrease
in the percentage of intact DNA in the treatment groups
(G2 and G3), whether the erythromycin concentration
was 15 mg/kg or 30 mg/kg. Meanwhile, the results of
the groups that received vitamin C along with the drug
as a protective factor showed a significant decrease in
the percentage of fragmented DNA compared to the
second and third groups, and the control group. Table
(2) indicates a significant increase in the average DNA
fragmentation in the groups that received the drug alone
(15 mg/kg and 30 mg/kg). In contrast, no significant
differences were observed in the average DNA
fragmentation in the two protective groups compared to
the control group when the animals were given both the
vitamin and the drug together. The results of Table 2

showed no significant difference in the high DNA
strand breakage rates in groups G2, G4, and G5
compared to the control. However, a significant
difference in DNA strand breakage was observed in the
third group, which received the drug at a concentration
of 30 mg/kg, compared to the control group.

TABLE 2. Effect of Erythromycin and the protective role of Vitamin C on DNA damage rates

low DNA moderate DNA High DNA
Groups Unbroken DNA breakage breakage breakage
A A D C
Control Group(G1) 50.062+3.321 40.113+3.923 6.449+0.982 6.023+1.217
. Cc B B A
Erythromycin G2(15mg/kg) 39.732:40.032 36.321+2.821 12.926+2.821 13.331+1.298
. D B A A
Erythromycin G3(30mg/kg) 36.682+1.802 35.706+1.382 17.023+2.621 14.092+0.872
. . B A D c
Vitamin C G4(100mg/kg) Erythromycin 15mg/kg 45.492+0.802 41.728+0.662 8.023+1.203 7.231%0.931
o . c A c B
Vitamin C G4(100mg/kg) Erythromycin 30mgrkg 42.807+1.682 37.992+1.348 11.122+1.601 9.235+0.786
p-value 0.001 0.002 0.003 0.001
LSD 3.162 2742 2523 5.982

4. DISCUSSION

The Effect of Erythromycin and the Protective Role
of Vitamin C on Chromosomal Aberration Rates. The
results of the experiments indicated cytotoxicity due to
erythromycin, particularly in groups two and three,
which received the drug alone at concentrations of 15
and 30 mg/kg. This outcome is consistent with findings
from study [15], which reported that erythromycin
caused chromosomal aberrations, with a significant
increase in structural deviations in human lymphocyte
chromosomes. Additionally, study [16] highlighted
growing concerns regarding the drug's impact on

embryos in pregnant women, particularly in the form of
structural abnormalities in sister chromatids. These
abnormalities serve as an indicator of genetic safety
after exposure to the drug during pregnancy, especially
given that fetal and neonatal cells are sensitive to
teratogenic effects. A study [17] conducted on pregnant
mice treated with erythromycin (a macrolide family
drug) at various doses during late pregnancy revealed a
reduction in cell proliferation, changes in the
morphology of fetal testes, and deviations in cellular
functions. Exposure to different concentrations of orally
administered erythromycin poses a risk to epithelial
cells in the intestine, as study [18] demonstrated that
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drug accumulation in food at certain concentrations
affects the permeability of the intestinal epithelial layer.
Acute exposure increased cytotoxicity and caused
changes in embryonic gene expression related to the
production of adhesion proteins, suggesting that these
gene expression alterations are associated with the
drug's immune activation and compensatory
mechanisms in the intestinal epithelium.

The results of the study showed that the protective
groups, which received vitamin C along with the drug,
produced outcomes different from those of the second
and third therapeutic groups. Statistical analyses
revealed no significant differences in chromosomal
abnormalities, aligning with study [19], which
highlighted the protective role of vitamin C in reducing
structural DNA damage caused by the genotoxic and
cytotoxic effects of erythromycin. Moreover, study [20]
demonstrated a reduction in chromosomal structural
damage when vitamin C was used as a protective agent
alongside macrolide treatments. Study [21] mentioned
that vitamin C enhances the efficacy of enzymes
involved in DNA methylation, thereby maintaining
genome stability due to its antioxidant properties and its
role in promoting the activity of the TET enzyme
family. These enzymes, with the assistance of vitamin
C, help regulate and demethylate harmful methylation,
ensuring genomic stability.

The Effect of Erythromycin and the Protective Role
of Vitamin C on DNA Damage Rates

Our current study noticed a significant increase in
DNA fragmentation rates, particularly in groups two
and three, which received erythromycin alone without
vitamin C. These results are consistent with study [22],
which showed that the drug causes genotoxicity
resulting in DNA fragmentation, especially in
conjunction with strong oxidative agents and cellular
degeneration. This effect is attributed to intracellular
reactions that lead to chromatin condensation and
ultimately programmed cell death. Additionally, the
drug has mitochondrial toxic effects due to increased
oxidative stress and DNA fragmentation in epithelial
and fibroblast cells [23]. Study [24] highlighted the drug
toxicity of macrolides, specifically clarithromycin (a
member of the macrolide family), and its inhibitory
effect on CYP3A5 (a genetic variant in humans
responsible for metabolizing drugs and related
molecules in the body). In some volunteers who took
the drug orally, results showed inhibition of the gene
expression studied due to drug accumulation after the
treatment period. In a study conducted by [25], mice
were administered telithromycin, and the comet assay
revealed DNA damage in lymphocytes and structural
harm to the DNA, confirming the genotoxicity of these
drugs. The current study results indicate that vitamin C

acts as a protective agent against DNA damage caused
by erythromycin, as noted in study [26]. This study
highlighted the vitamin's role in preventing partial DNA
fragmentation by directly reducing the damage caused
by ROS molecules, which can harm proteins and DNA
in cellular environments. Comet assay analyses revealed
no significant differences in DNA damage between the
groups receiving both the drug and vitamin C when
compared to the control group. This finding aligns with
study [27], which emphasized vitamin C's protective
role against DNA damage from harmful mutations due
to its antioxidant properties and its ability to neutralize
free radicals causing oxidative stress.

5. CONCLUSIONS

Erythromycin affects the structural integrity of
chromosomes, with its impact varying according to the
doses administered. Combining erythromycin with
Vitamin C can mitigate its side effects on chromosomal
structures. The drug induces DNA damage by causing
fragmentation of the double-stranded DNA. Vitamin C
exhibits a protective effect, safeguarding DNA from
structural aberrations induced by erythromycin. A dose
of 30 mg/kg of erythromycin administered to mice
results in the most pronounced genetic effects.
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Background: Pfizer vaccine, which is a nucleoside-modified mMRNA vaccine against
coronavirus disease 2019 (COVID-19) is one of the first mMRNA products to be approved by the Food
and Drug Administration (FDA) and the European Medicines Agency (EMA).

Aim of the study: The aim of this study is to study the impact of Pfizer vaccine on the levels of
interlukin-6 (IL-6) and tumor necrosis factor alpha (TNF-a) after 3 months and 6 months of
vaccination with Pfizer vaccine.

Materials and methods: The study was done during the period from May /2022 to September / 2022). A
case-control study involved 150 subjects who were divided into three groups (each group included 50
subjects). The first group included (50) vaccinated group 3 months after second dose of Pfizer vaccine,
and the second group included (50) vaccinated group 6 month after second dose of Pfizer vaccine. The
third group was the control group which included (50) healthy unvaccinated subjects. Serum levels of
IL-6 and TNF-a were estimated by ELISA technique. Results: The results showed that the mean levels
of TNF-a among male participants (after 3 months of vaccination, after 6 months of vaccinations, and
in the control group) were (65.40, 47.34, and 9.45), respectively, with highly significant differences
between the three groups (p<0.01). The results showed that the mean levels of TNF-a among female
participants (after 3 months of vaccination, after 6 months of vaccinations, and the control group) were
(67.50, 48.74, and 9.06), respectively, with highly significant differences between the three groups
(p<0.01). In addition, the results showed that the mean levels of IL-6 among male participants (after 3
months of vaccination, after 6 months of vaccinations, and the control group) were (81.36, 101.88, and
51.26), respectively, with highly significant differences between the three groups (p<0.01). The results
showed that the mean levels of IL-6 among female participants (after 3 months of vaccination, after 6
months of vaccinations, and the control group) were (83.05, 98.03, and 52.07), respectively, with
highly significant differences between the three groups (p<0.01). Conclusion: Pfizer vaccine was
shown to have significant impacts on IL-6 and TNF-a levels among vaccinated individuals.

1. INTRODUCTION

The coronavirus disease 2019 (COVID-19)
pandemic is caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). Most infected
individuals with mild symptoms spontaneously recover,
but SARS-CoV-2 infection can result in a severe acute
respiratory illness requiring mechanical ventilation with
~1% mortality [1]. To induce immunity and reduce the
severity of SARS-CoV-2 infection, several categories of
vaccines have been developed [2].
The primary goal of vaccination is to induce innate
immunity and protective adaptive immunity against

*Corresponding Author Institutional Email: _cauth.@uokerbala.edu.iq
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SARS-CoV-2 in the form of antibodies and specific T-
cell responses [3]. Pfizer and the German biotechnology
business (BioNTech) collaborated to create a COVID-
19 vaccination utilizing messenger RNA (mRNA)
technology. The Pfizer-BioNTech COVID-19 vaccine
was created quickly in reaction to the worldwide
pandemic brought on by the new coronavirus, SARS-
CoV-2 [4]. IL-6 is known to be produced early in the
immune response and is involved in the activation of
innate immune cells, such as neutrophils and
macrophages. It helps to promote inflammation and
coordinate the initial response to infections. In the
context of COVID-19 vaccines, IL-6 production may be
induced by the vaccine as a part of the innate immune
response to the viral antigens in the vaccine [5].
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Tumor necrosis factor-alpha (TNF-a) is a secretory
protein produced by various immune cells, including
macrophages, T cells, and natural killer (NK) cells [6].
TNF-a plays a critical role in the immune response and
inflammation. It is involved in the regulation of immune
cell activation, proliferation, and apoptosis, as well as in
the induction of other inflammatory cytokines [7].

2. MATERIALS and METHODS

The current case-control study included (150)
participants who were divided into three groups (each
group included 50 subjects). The first group included
(50) vaccinated group 3 months after second dose of
Pfizer vaccine, and the second group included (50)
vaccinated group 6 month after second dose of Pfizer
vaccine. The third group was the control group which
included (50) healthy unvaccinated subjects. This study
was conducted during the period from May /2022 to
September / 2022). Venous blood samples were taken
from all participants and put in gel tubes to clot for 20-
30 minutes, then centrifuged to obtain serum samples.
ELISA Kkits were used to in vitro quantitative
determination  of Human (IL-6) and (TNF-a)
concentrations in serum.
Statistical analysis: The experimental results were
performed according to the graph pad prism version 8
where Tukey multiple comparisons were done. One and
two-way (ANOVA) was preformed to investigate the
significance of differences between groups. The values
were expressed as (meanzstandard errors) of mean
(SEM) and P value<0.01 was considered statistically
significant.
3. RESULTS

The results in TABLE 1 showed that the mean levels
of TNF-o among male participants (after 3 months of
vaccination, after 6 months of vaccinations, and in the
control group) were (65.40, 47.34, and 9.45),
respectively, with highly significant differences (HS)
between the three groups (p<0.01). The results showed
that the mean levels of TNF-o among female
participants (after 3 months of vaccination, after 6
months of vaccinations, and the control group) were
(67.50, 48.74, and 9.06), respectively, with highly
significant differences (HS) between the three groups
(p<0.01).

Table 1. Mean TNF-a levels among the study group

The mean levels of (IL-6) among male
participants (after 3 months of vaccination, after 6
months of vaccinations, and in the control group) were
(81.36, 101.88, and 51.26), respectively, with highly
significant differences (HS) between the three groups
(p<0.01). The results showed that the mean levels of IL-
6 among female participants (after 3 months of
vaccination, after 6 months of vaccinations, and the
control group) were (83.05, 98.05, and 52.05),
respectively, with highly significant differences (HS)
between the three groups (p<0.01), as shown in TABLE
2.

Table 2. Mean IL-6 levels among the study group

Mean IL- After 3 After 6 Controls p-value
6 level months months
(pg/ml) vaccination vaccination
Males 81.36 101.88 51.26 P<0.01
(HS)
Females 83.05 98.05 52.05 P<0.01
(HS)

Mean After 3 After 6 Controls p-value
TNF-a months months
level vaccination vaccination
(pg/mi)
Males 65.40 47.34 9.45 P<0.01
(HS)
Females 67.50 48.74 9.06 P<0.01
(HS)

4. DISCUSSION

Results showed that the mean levels of TNF-a
and IL-6 were significantly higher in the two vaccinated
groups (after 3 months and after 6 months) when
compared to their levels in the control group for both
males and females. The mean levels of TNF-a was
higher in females than males after 3 and 6 months of
vaccination, but without significant differences. The
mean levels of IL-6 was higher in females than males
after 3 of vaccination, and was higher in males than
females after 6 months of vaccination, but without
significant differences.

In one study, no differences were instead revealed
for sex, with male and female showing a comparable
antibody titer 1 month after vaccination, and similar
levels of antibody decay. Literature in this regard is still
conflicting, reporting in some cases a higher initial
antibody level in women compared to men [8], while
others showed no differences due to sex [9]

The S1 subunit of the Spike protein in the vaccine
produces an endothelial lesion that is amplified by
simultaneous exposure to the inflammatory cytokine
TNF-o and the male hormone dihydrotestosterone [10].
This condition of endothelial lesion, amplified by
simultaneous exposure to TNF-o and androgens, may
allow us to resolve some controversies. There is
growing evidence that suggests that males have a higher
risk of outcomes in the case of myocarditis [11], despite
the fact that they are able to suppress the production of
pro-inflammatory cytokines (IL-1B, IL-6 and TNF-o)
and increasing the production of anti-inflammatory
cytokines [12]. Since the effects of testosterone may be
different under normal physiological conditions and in
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pathological states [13], in the presence of an
endothelial lesion and/or myocarditis these effects may
be different from the physiological conditions .

In our study, TNF-a was significantly higher among
the two vaccinated groups compared to the controls, and
was higher in the 3 months group compared to the 6
months group. mMRNA vaccines have been developed
by Moderna and Pfizer-BioNTech. A cutting-edge
technique called RNA and DNA vaccines employs
genetically modified RNA or DNA produce a protein
that safely elicits an immune response [14].

However, in one study, no significant difference in
serum levels of TNF-o was detected 7 days and up to 1
month after full vaccination, which might result from
specific cohort characteristics and timing of sampling
[15].

Biochemical studies revealed that Spike protein
triggers inflammation via activation of the NF-xB
pathway and the induction of pro-inflammatory
cytokines, such as IL-6, TNF-a, and IL-1p [10]. After
the first dose of the BNT162b2 vaccine, the human
organism produces systemic inflammation which is
accompanied by the upregulation of TNF-o and IL-6
after the second dose [11]. Another study reported that
serum TNF-a levels did not increase after the first dose
but increased significantly after the second dose. It
follows that after the second dose of the vaccine, there
are markedly increased concentrations of TNF-a in the
serum, already only after the first day following the
second vaccine dose. Finally, there would be a
significant linear correlation between the levels of pro-
inflammatory cytokine TNF-o and the degree of
symptoms (systemic scores) occurring one day after the
second dose of the BNT162b2 vaccine. For these
authors, these data suggest that pro-inflammatory
cytokine (TNF-o) was produced in response to the
BNT162b2 vaccination, especially after the second dose
[12].

In our study, I1L-6 was significantly higher among
the two vaccinated groups compared to the controls, and
was higher in the 3 months group compared to the 6
months group .This finding agreed with [13] who found
that post-vaccination PASC-like symptoms were
associated with an inflammatory profile with
statistically significant elevations in IL-6.

Patients with COVID-19 have significantly higher
concentrations of inflammatory mediators than healthy
controls [14]. Elevated concentrations of IL-6 and
persistent inflammation can also last for months and
might be related to the development of post-COVID-19
conditions [15]. A study presented by Karimabad et al.,
2021 [16] for the coronary artery disease patients were
found increase in the levels of IL-6 after second
vaccination with a BNT162b2 mMRNA
(Pfizer/BioNTech) vaccine at day 2, and this study

agreed with our finding of increased levels of I1L-6 after
2nd dose of Pfizer vaccine but at (20-30) days, and this
confirm the association of 1L-6 with the vaccination and
will be resulting in antibody development. Our study on
the circulating levels of cytokines implies that cytokine
modulation could be a biomarker for -effective
vaccination and antibody generation, and the role of
these cytokines upon vaccination became more apparent
after the 2nd vaccination [17].

IL-6 plays a crucial role to induce lymphocytic
apoptosis that leads to the development of
lymphopaenia in COVID-19 patients [18,19]. The high
level of IL6 significantly downregulates the expression
of human leukocyte D antigen (HLA-DR) that
substantially impairs lymphocyte function, along with
the depletion of CD4+ Ilymphocytes, CD19+
lymphocytes and natural killer (NK) cells. In addition,
IL6 is considered to have an impact in the severity of
COVID-19 patients, which is significantly associated
with adverse clinical outcomes [20,21,22].

The severe clinical evolution of COVID-19 was
related to an exacerbated host immune response, called
hyperinflammatory syndrome, which occurs due to the
action of the immune system in response to infection
through the release of inflammatory cytokines, a
phenomenon known as cytokine storm [23]. Among the
main cytokines related to the clinical severity of SARS-
Cov-2 infection is IL-6, which promotes a highly
specific reaction of adaptive immunity by stimulating
CD8+ T and B cells, which also favors the survival of
phagocytic neutrophils. However, there is tissue damage
by deregulation of the extracellular matrix and by
attraction of pro-inflammatory macrophages and
neutrophils to the tissues [24].
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This study used Lie transformations to provide both numerical and analytical answers for
the partial reaction-diffusion-adhesion equations for both time and space. If the balances allowed via
the goal calculations permit the determination of Lie transformations, then we can reduce slight

fractional variance calculations to normal variance calculations containing fractions. We suggest a
different approach to find the numerical and analytical answers beginning from the numerical and
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applicability.

analytical answers in the spatio-temporal fractal adhesion-diffusion-interaction model. Recent findings
on the adhesion-diffusion interaction equation were obtained by the authors. Separate adhesion-
diffusion reaction equations for partial temporal and spatial variables were presented.

The excellent accuracy of the suggested approach makes it a useful instrument for solving a Wide
category of fractional differential equation problems. The numerical results show its effectiveness and

1. Introduction

Due to its numerous applications in a variety of
disciplines, including science, engineering, and
economics, fractional-order  differential equations
(FDEs) have attracted a great deal of attention from
scholars in recent years. Within the paradigm of
fractional calculus, these equations are essential to
comprehending phenomena such as transport in porous
media and groundwater contamination. Fractional-order
systems are nonlocal, and their memory effect has
drawn attention due to its special properties and
consequences for system behavior. Engineers working
on real-world problems favor fractional-order systems
over traditional integer-order systems because of their
distinct qualities. The accurate representations of
nonlinear events provided by fractional differential
equations encourage researchers to create numerical
techniques for efficiently solving these kinds of
equations. Consequently, a multitude of analytical and
numerical techniques have been developed, such as
variational iterative techniques, homotopy analysis
techniques, Wavelet operational techniques, and domain
decomposition techniques. Furthermore, numerous
numerical methods have been developed to solve

*Corresponding Author Institutional Email:
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various kinds of fractional diffusion equations,
highlighting the continuous attempts to improve the
comprehension and solution of these intricate systems.
As an extension of Fibonacci numbers, the focus has
recently switched to Fibonacci polynomials, providing a
new angle on the field of polynomials. It is not difficult
to produce these polynomials using recurrence relations,
and it is only recently that their importance in the field
of polynomials has become apparent. Numerous
approaches utilizing Fibonacci polynomials have
surfaced. These include the approach put forth by Koc
et al. [1] in 2013 to address ordinary boundary value
problems, the matrix method by Abd-Elhameed and
Youssri [2] in 2016 to address generalized pantograph
equations, and the Fibonacci operational method by Koc
et al. [1] in 2013 to address FDEs. Bessel's operational
matrix, Legendre operational matrix, and Chebyshev
operational matrix are some of the operational matrices
that have been produced recently in the field of
fractional-order partial differential equations (FPDES).
Notably, Fibonacci polynomials' operational matrix has
proven to be more accurate than orthogonal
polynomials', and because of its effectiveness in
managing a high number of zeros, it has also been
shown to greatly reduce computing time. When solving
Fibonacci polynomials-based FPDEs, the novel method

Mohammed Hamza Mohammed, A Novel Numerical Method for Resolving the Time-Fractional Equation of Advection, Diffusion, and
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of approximating a variable's integer-order power
independently of its fractional power has demonstrated
to produce accurate derivative computations. Fibonacci
polynomials provide more accurate solutions for FPDEs
than orthogonal polynomials, even at lower degrees,
demonstrating their scientific significance over other
approaches.

Turning our attention to the vital role that water plays in
supporting life, just a small amount of the Earth's
surface is actually readily accessible as fresh water,
despite the fact that water covers a vast portion of its
surface. Water contamination can result from pollution
from a variety of sources, affecting both surface and
groundwater sources. Whereas groundwater
contamination is caused by the seepage of artificial
materials such as oil, gasoline, road salt, chemicals,
fertilizers, and pesticides, which can have a negative
impact on water quality. surface water pollution is
usually caused by wastewater discharge. In order to
solve the difficulties of solving time-fractional
equations involving advection, diffusion, and reaction in
such contaminated water systems, a unique numerical
method has been presented. This method shows promise
for addressing environmental issues. One basic
mathematical model that is widely used in scientific and
engineering sectors for computer simulations is the
advection-reaction-diffusion equation (ARDE). It is
used in many different domains, including chemical
reactions, mass and energy movement, global weather
prediction, and oil reservoir simulations. Molecular
diffusion is the process by which solute molecules
diffuse across a fluid. This happens when solute
molecules randomly collide with fluid molecules,
causing a flux from areas of higher concentration to
areas of lower concentration. The advective term
describes the bulk migration of solute particles in the
direction of fluid flow at a rate equal to the fluid
velocity. In addition to advective transport, molecular
diffusion is another way that the solute spreads in
porous media. Bear and Bachmat [3] state that the
tortuosity of the medium and the diffusion coefficient of
the particular solute in water determine the coefficient
of molecular diffusion in an isotropic media.
Interestingly, the rate of molecular diffusion advances
even in the absence of fluid movement and is
independent of groundwater velocity.

Many models and techniques have been developed over
time to address the problem of groundwater
contamination. To illustrate the transfer  of
contamination in biological, chemical, and radioactive
processes, Younes [4] presented the Eulerian
Lagrangian localized adjoint approach with a moving
grid in 2005 for resolving nonlinear ARDE in one
dimension. An analytical solution to an advection-
diffusion  equation with  variable coefficients

characterizing solute transport in porous media was
given by Ahmed et al. [5]. Guerrero et al. [6] developed
a method in 2009 to get analytic solutions for multi-
species contamination transport controlled by sequential
fractional-order equations in finite mediums by using
traditional integral transform techniques. Enhancing the
understanding and solution of complex dynamics related
to advection, diffusion and interaction processes. The
main goal of this work was by developing a new
numerical approach to the nonlinear fractional ordering
of ARDE spacetime:

a%u(xt) _ dﬁu(x,t)_ du(x,t)
Ta =u(x,t) 7 v—- + ku(x,t) 1)

0<x<10<a<1l1<B<2

with initial and boundary conditions as

ulx,0) =9y, x),0<x<1 2
u(0,t) = P, (t),t >0 (3)
u(l,t) =3, ()t >0 4)

The equation u(x, t), where the parameters A and 8
stand for the corresponding fractional-order derivatives
of time and space, represents the solute concentration in
the fluid at position x and time t. The variable v
represents the fluid's constant velocity in the x-direction,
and the symbol k stands for the coefficient of the
source/sink term, which is responsible for the solute's
production or loss in the system. Moreover, the known
functions W1(x), W2(t), and ¥ 3(t) indicate the initial
distribution  of solute concentration and the
concentration at the medium's border points at any given
time t. The fractional-order advection-reaction-diffusion
equation (ARDE) is reduced to the standard ARDE
with a nonlinear diffusion term when A =1 and 3 = 2.
In the fluid domain, the solute concentration rises when
this nonlinear diffusive factor is added in comparison to
the linear diffusion equation. The diffusive term's
positive exponent of u(x, t) causes slower diffusion rates
than what is expected from a conventional linear
diffusion scenario, which raises the fluid's solute
concentration. In porous media systems, the contrast
between slow and fast diffusion processes is highly
relevant. Consequently, in comparison to a linear model,
the existence of a nonlinear element in the diffusivity
component is significant from a physical standpoint.
This feature has motivated academics to work on
nonlinear fractional-order porous media issues,
highlighting how crucial it is to handle these kinds of
difficulties in system dynamics.

The above-mentioned attributes and factors have
spurred the creation of a new numerical technique
intended to efficiently solve the time-fractional equation
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including the system's advection, diffusion, and reaction
processes.

While solving Eqg. (1), we have concentrated on using
Dirichlet boundary conditions in our study.However,
one can also employ well-posed and ill-posed Neumann
and Cauchy boundary conditions for this purpose. In
their research, Deng et al. [7] have thoroughly
investigated the well-posedness of fractional diffusion
models with various boundary conditions. Three types
of spectrum methods—the collocation, Galerkin, and
Tau methods—have reportedly been used to solve two-
dimensional problems numerically in the literature.

By applying the chosen spectral approach to the
solution, which is stated as a series of polynomials, such
as Y aijdidj, where @ is a set of polynomials, the
coefficients are obtained using spectral methods. The
residues corresponding to partial differential equations
(PDEs) in the collocation method must be zero at
specified collocation points. Applying boundary
conditions comes first in the Tau technique, which
expands the residual function into a polynomial series.
The Galerkin technique first selects basis functions that
meet the initial and boundary criteria, and then it
verifies that the residual is orthogonal to the selected
basis functions.

In this work, we have attempted to solve the space-time
fractional-order advection-reaction-diffusion problem,
Eq. (1), by the use of its operational matrices and the
Fibonacci collocation approach. Using example figures
that correspond to particular circumstances, the effect of
the reaction term on the solution profile under various
parametric values of 'a' and 'R'—which take into account
the existence or absence of the advection term—is
explained.

2. TF-ADR and SF-ADR MODEL SOLUTIONS

We obtained fractional ordinary differential
equations by trans\forming the original models (1) and
(3) in [14, 15, 16, 17] by means of Lie homologies. The
original equations can be solved using the answers to
these simplified equations. The FracSym package [18,
19, 20, 21], implemented in MAPLE, was used to find
the Lie point symmetries. For fractional differential
equations based on fractional Riemann-Liouville
derivatives, this approach automatically finds
symmetries. With the help of this suggested approach,
answers that could be difficult to find by directly
integrating the original model can be found.
Fractional partial differential equations (FPDES) are
often solved analytically or numerically in the literature.
As an alternative to integrating an FPDE, We were able
to solve a first-order ordinary differential equation at a
low computational cost because it requires a simple
initial condition. We summarize the main conclusions

from [14, 15, 16, 17] in this section, to help identify
solutions for the TF-ADR and SF-ADR simulations.
Based on the paper “A New Mathematical Process for
Resolving the Fractional Time Equation of Advection,
Diffusion and Reaction” the introduction to the chapter
“Solutions to TF-ADR and SF-ADR Prototypes” has
been rewritten in English.

2.1 The Model of Time Fraction

The infinitesimal Eq. (5) representing Lie
symmetries accepted by the TF-ADR equation has been
studied in [22].

El=0&=al,n=7y(t x)+a2u, (5)
Meanng:

(Xi_1=0,%i_2=a_1):

(\xi_1): This usually corresponds to the coefficient of

the time variable (( t)) in a transformation. In this case,

( \Xi_1 = 0) indicates that there is no dependency on

time in the symmetry or transformation being analyzed.

(\xi_2): This typically represents the coefficient of the

spatial variable (( x )) in the transformation or

symmetry. Here, ( \xi_2 = a_1 ) means that the spatial

variable ( x ) depends linearly on a parameter (a_1),

which could be a scaling factor or a parameter related to

the transformation.

\)eta = \chi(t, X) +a_2 u:(

( \eta ): This variable typically represents the

transformed or modified dependent variable (for

example, in a PDE or transformation context, it could be

(u(t, x) ), the primary variable of interest).

( \chi(t, x) ): This is a function of the independent

variables ( t) (time) and ( x ) (space). It serves as a

general term or a function that depends on the

independent variables.

(u): This often refers to the solution or dependent

variable in, say, a PDE. Scaling (u ) by (a_2 ) means

that (u ) gets multiplied by a constant (or parameter) (

a?2).

The expression ( \eta = \chi(t, X) + a_2 u ) combines the

effect of (\chi(t, x) ) and (u ), showing that ( \eta )

incorporates both a general component (( \chi )) based

on (t)and ( x), and a contribution from ( u ), scaled by

the parameter (a_2).

When the constraint is satisfied by the function

¢ =o(t, X).

diX —kid X + k,d X + ad,f(.;a)

+dufGO)X + au) —ayf(;a)
=0

If we impose Al = 1 we get the following lie point
transformation

T =t U=u(tx)e **— [e *2*X(t,x)dx
obtain the solution by the transformation Eq. (12),

(6)

we (7)

(®)
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u(t, x, a) = e%2* (U(t) + J- e 2% X(t, x)dx)

And the source term by integration of Eqg. (11),
f(;a) =e®*(@(t,U) — [ e™%2*(d¥ X(t,x) —
kid, X(t,x) + k,d, X(t, x))d,) (9)

The resolution and foundation terminology of the TF-
ADR system (taking (lect= k_1 A2 - k 2) and (O (t,
U)) being a random purpose of its arguments) are
represented by (u(t, x; a))) and (f(t, x, u; a)),
respectively.

Therefore, equation (1) can be reduced to the
succeeding slight nonlinear regular variance calculation
by using transformation (6) and the preceding form of

(f(.; ).
DEU(T) — ay » U(T) + @(T,U(T)) = 0(10)

By choosing an arbitrary function (® (T, U(T))) which
modifies the basis terminology (f (t, x, u; o)) and the
solution modules set via (6) the solution of equation
(15) is defined.

In the particular scenario where (@ (T, U(T)) =@ *(T) +
C.U(T)), Ordinary fractional differential equation (15)
can be expressed as:

DEU(T) + (¢ — ay NU(T) + ¢*(T) = 0(10)
And under non-vanishing initial conditions
[DF'U(M)]r=0 = by (11)

Its precise solution, found in [8], is expressed in terms
of the Mittag Leffler purpose,

U(T) = byT* 2 Eqq((a; x —c,)T?) (12)

_f (T - S)a_lEa,a((az
n =) (T = $)*) 8" (S)dS

Were

a®= ) T D

And the basis terminology is given by

f(-;a—) = Cu + kldxX(t, x) + eazx(w*(t) _
[ e7% (e, X (t,x) + d2X(t, x) —x d, X (t,x))dx) (13)

2.2 The Space Fractional Model

Specifically, the following SF-ADR equation (3)
infinitesimals were found in [9]
El="A1,82=0,1="y(t,x) + a2u
everywhere  the parameters “al and A2 and the
function “y = "x(t, x) satisfy the restraint

d. X — kydPP' % + kyd X + a@ydof () +

(X + @yu)duf(;B) — G f (8 = 0 (14)

We obtain the following transformation through the
assumed symmetries "Al =1

X =x, V = u(t,x)e %t — f ezt X (¢, x)dt

(15)
Thus, we obtained the precise solution to the fractal
space problem
u(t,x; B) = e¥2H(V(x) + [ e 32t X(t, x)dt) (16)

and, by
£8) = e (B, 1)

- f e %2t(d X (¢t,x)
ke dPTR (%) + kyd Xt x))dt)

17

We can set (u(t, x; B)) and (f(t, x, u; B))) as the
resolution and basis term of the SF-ADR system, using
a stochastic function for its parameters as (¢ (x, V)).

The SF-ADR equation (3) has also been simplified to
the fractional ordinary differential equation through the
transformation in equation (15) and the preceding
formulation of (f{. ; B)):

—key, DETTV(X) + ke, DyV(X) + B(X, X (X)) +
a,V(X) =0 (18)

The solution of equation (24), which can be customized
with the right choice of "y = "y (t, x), defines the
random-roles ¢ (X, V(X)). This, in line, determines the
categories of solutions and the basis terminology (f(t, X,

u; B))
In particular, setting

B(X, V(X)) = —k,Dx@** (X) — @,V (X) (19)
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we get
DAV (x) - l’z—iV(X) + 9" (X) = 0 (20)

Whose precise answer, with respect to non-vanishing
boundary conditions

[Df_1V(X)] = 51

X=0

is the following

VOO = By XP By (2XF) - [ -

21
S 1Egp (’;—j X — S)ﬁ) B (S)dS (21)

Where

Frp ) = ,Z:Ofr(ﬁ(k D)

is the Mittag Leffler function [8] and the source
terminology states.

f(;B)=-"au
_edZt(kl(D}*(x) + fezmt (—dz)? +d X(t,x) —
ke dBR(t, %) + kyd X (8, x))dt) (22)

We denote the resolution and the basis term for the SF—
ADR system as u(t, x; B) and f(t, x, u; ), respectively,
with ¢ (x, V) as a random-purpose of its arguments. The
SF-ADR problem (3) was reduced to the subsequent
slight regular variance calculation by using conversion
(21) and the original form of (f.; ) Rewrite to suit the
heading: A new computational technique for solving the
time-fractional equation of advection, distribution, and
response

—key, DE TV (X) + ky DV (X) + B(X, V(X)) + @,V (X)
=0 (23)

Solving calculation (23), the solution is defined by
choosing arbitrary functions ¢~ (X, V(X)) where with
the appropriate selection of ™y =~ % (t, X) assigns the
basis term f(t, X, u; B) and solution modules.

Specifically, rewrite to suit the heading: A novel
numerical technique for solving the time fractional
equation of diffusion, and reaction

B(X, V(X)) = —k; Dy @™ (X) — @V (X)

we get (24)

8 ky
DEV(N) = 2V () + 0 (X) = 0
1

Whose precise answer, with respect to non-vanishing
boundary conditions

[y v, _, = b (25)

is the following

V(X) = by XF 1y, (’;—jxﬁ) NS
$)P1Ey (Z— (X = $)P) 0" (S)dS (26)

f(;B) = —au
—efat (qu)}*(x) + J e %2t (=@, X + d X (t,x) (26)

— ke dBPR (%) + kyd X, x)) dt)

3.TIME and SPACE FRACTIONAL MODEL
SOLUTIONS

This division examines the TSF-ADR equation's Lie
symmetries

deu(t, x) — kydP u(t, x) + kydu(t, x) +
flt,x,u;a,8) =0, 0<apB<1 27)

The infinitesimal generators listed below describe the
Lie symmetries that are admitted by (27)
£1=0,82=0,n= xtx)+ a2u (28)

Everywhere the constraint is satisfied by the purpose y =
At %)

deX — kydP7 X + kyd, X + (X + aau)dy f(a,B) —
aGf(;aB)=0 (29)

The method described in [9] does not work since the
symmetries recognized by equation (27) have
infinitesimal (28) preventing the transformation that
transforms the TSFADR equation into a fractional
normal equation. Based on the data presented in the
above section we present a substitute method to get the
mathematical resolution. And the analytical prototypical
of TSF-ADR.

Let us now examine u(t, x; a; ) as the resolution to the
TSF-ADR equation provided by

u(t,x;a; 8) = Au(t,x;a) + Bu(t,x; B)

the solutions produced by the transformations (12) and
(20) are combined linearly
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u(t,x;a) = e2*U(t) + e®* J- e~ ®* X(t,x)dx

u(t,x; ) = e®tV(x) +e‘12tfe“12tX(t,x)¢(i3xo)

where, we put y ="y, consequently we take

u(t,x;a; ) = Ae®*U(t) + A e f e X X (t,x)dx
+ B e®tV(x)
+B edztfe‘dti(t,x)dt (31)

where the solutions to the simplified equations (14) and
(23), respectively, are U(t) and V (X)

We get that the resolution of the TSF-ADR prototypical
when the basis terminology f(t, x, u; a; B) is a lined
amalgamation of 2 roles (29)

fexuw o B) =Afitxw o B) + Bt x W o; B)

given by
(32)
filtxu @ B) = edz® ((D(t, o)

— f e %% (d?X(t, x)

+lodX(6,0)dy)

+ kldff+1 <ea2x f e 2* X(t, x)dx)

+ kya, (azeaz" —xPE,,

— Bla;)) U(t)
fatxu o B) = % (B(x V()

- f ezt (—kldeX(t, x)

X (60) dy)

—ag (eﬁZt f e %t X(t, x)dt)

+ (azedzf — 79, — a(dzt)) V(x)
We observe that terms including  are smaller than f1(t,
X, u; o, B) equals f (t, x, u; a) (14) and terms involving 3

are less than f2(t, x, u; a, B) equals f (t, x, u; B) (23). In
fact, if c = 1, we have

flrtxu a; B)lg=1 (33)
= e (0(e,U(®)

— f e %X (d?X(t, x)
+ kpd, X (t, x))dx>

-k, (eazx f e %2*d,  X(t, x)dx)

and ifa=1
f2(txu a; Bla=1
= et (5(x,V(x))

—je‘dzt(—kldf“X(t,x)
T kX (6,3)) dt)
- (edztfe‘dztth(t, x)dt)

Specifically, using the definitions in (2) and (4), for f =
1 and o = 1, 8% = ot and 0xP™! = Oy, respectively. Next,
we have
fl(t'x'u' a'ﬁ)lﬁ =1= f(t'x'u! a)
fZ(t'x'u' a'ﬁ)la =1= f(t'x'u!ﬁ)

That is, we can use these resolutions to catch a solution
for the TSF model. ADR, if f{(t, x, u, ) and f{(t, x, u, B)
are the source terminologies for the resolutions of SF-
ADR and TF-ADR which are known to us.

4. FROM the STANDARD ADR MODEL to the TSF-
ADR MODEL

Appropriate assumptions were made for Any
functions x(t, X) , ¢ (X, V), ¢ (t, U) and based on the
results from previous sections. As a result, a specific
physical problem might be defined with an appropriate
source term, enabling the extraction of the matching
traditional ADR model as the TSFADR model's limit.
Next, in order to obtain, we choose y(t, X), and ¢(t, U),
@~ (X, V) in section

f(t'x'u; a)la:l = f(t'x!u; ﬁ)lﬁ:l = f(t'x'u) (34)

so that the terms of the combination in linear form (31)
fulfill the following as a result of (32)

fl(t' x,Uu;a, ﬁ)la:l,ﬁ:l = f(t' X, u)
fZ(t, x,U;a, ﬁ)la:l,/?:l = f(t' X, u)

Finally, we obtain assuming A+B =1 (35)

ftxu;a,B)|a=14=1 = f(t,x,0)
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This means that the basis term of TSF-ADR is
equivalent to the role f(t, x, u) of the conventional ADR
system when a=1 and = 1.

dt,(t,x) — kidy, (6, %) + kod, (86, %) + f(t,x,u) =0
(36)

Considering that we do not recognize the exact formula
of the resolution (29), (it is obtained through the set of
linear solutions (30) for a = 3 = 1) and therefore we are
unable to show the relationship amongst the resolution
of the TSF-ADR prototypical and the resolution of the
ADR system. In the subsequent analysis, we employ a
numerical method to demonstrate that the TSF-ADR
model's solution (29) has the same limit as the ADR
model's solution.

5.THE NUMERICAL METHOD

Here, we provide the numerical outcomes of
applying the suggested method to get TSF-ADR model
answers that are connected to precise ADR model
solutions. The method was presented in [10, 11], where
a number of numerical tests were used to confirm the
procedure’s accuracy and efficiency with respect to the
answers produced for the SF-ADR and TF-ADR
models. Using the same methods in the current work,
numerical solutions for the SF — ADR , TF — ADR
models were derivedwhich allows mathematical
resolutions of the TSF-ADR system to meet the required
conditions (32).

We now provide a brief overview of the procedure. We
begin by independently solving the two simplified
equations (14) and (23). We apply transformations (12)
and (20) to the numerical solutions we find satisfactory
to develop estimated resolutions for the SF-ADR system
(3) and the TF-ADR system (1). The two discovered
numerical solutions are then combined to get the
mathematical resolution for the TSF-ADR system (5),
as mentioned (29). Finally, we show that when o — 1
and p — 1 the solutions of the TSF-ADR model
typically agree with the ADR model.

We decided to examine Caputo's method, which
contains the numeral-order results of the indefinite
purposes in minimum time at their limit values, i.e. has
the fundamental benefit of

having initial conditions similar to those of integer-
order differential equations.

We go over how Caputo's fractional derivative is
explained.

L[ 12 y(s)dS (37)

a —
*DrU(T) = T(1-a) 70 (T-5)%ds

and its connection to the fractional derivative of
Riemann-Liouville

«* DEU(T) = DE(U(T) —U(0)), O0<a<1
U(0) is the starting point. The fractional time equation
(15) can be expressed, based on the relationship amid
the Riemann-Liouville and Caputo results, in the
following way:
DEU(T) + —2— — g, x U(T) + &(T, U(T)) =

T(1-a)T®

0 O0<ax1 (38)
The RL derivative and the Kabuto derivative are equal
under homogeneous starting conditions, where the
typical factor of the Kabuto derivatives is *DaT [8].
We also reformulated the fractional space equation (23)

in terms of the Caputo resultant using the same
assumptions

e B+l V(0) -
leX V(X) + W - kZDXV(X) - QZV(X)

-8(X,v(X))=0 (39)

When it is not possible to determine the logical
resolutions U(T) and V (X), a numerical method must
be employed. In this instance, we offer a numerical
scheme, the 2" direction contained trapezoidal process
(TR), It is frequently used to solve linear and nonlinear
fractional ordinary differential equations as it is an
oversimplification of the standard implied trapezoid
technique on fractional ordinary differential equations
(FODEs). See the papers [12, 13] for the technical
specifics of the suggested approach. A nonlinear
equation must be solved each time fractional ordinary
differential equations are integrated using the numerical
approach.Thus, a nonlinear equation  solution
methodology, such as the conventional Newton method,
must be used.

One of the most widely used iterative methods is
Newton's. It requires evaluating the Jacobian matrix at
each iteration, which can be done analytically if the
processing cost is too high. Alternatively, it can be
computed numerically. It is analytically assessed for
each example in this work, and numerical answers are
achieved with an equal number of iterations. Using
MatLab software, the suggested numerical technique is
implemented on an Intel Core i5.

In order to test the suggested method, we appropriately
select the arbitrary functions in the following. As a
result, we can obtain analytical solutions and compare
them with numerical solutions.

We set
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P&, U) = @+ (£) + U@ P(x, V) = =k Dpp™ (x) —
a,v(x) (40)

for the analytical solution to equations (36) and (37) to
be provided in Mittag-Leffler functions in terms (17)
and (26). As a result, we also get the TSF-ADR
equation's analytical solution (29) (5).

The presented numerical test results confirm the
efficacy and dependability of the suggested technique
based on the assessment of estimated and precise
resolutions for a variety of grid facts and the fractional
order standards of the results o and 3, which showed a
high degree of accuracy.

6. FRACTIONAL-ORDER ADVECTION REACTION
DIFFUSION EQUATION SOLUTION FOR SPACE-
TIME

The authors have attempted to use the suggested
numerical technique in Sect. 5 after confirming its
efficacy, efficiency, and correctness. The method will
be used to solve the space-time fractional-order ARDE
under the initial condition
u(x,0) = x(1-x)

and boundary conditions

u(0,t) =0, u(1,t)=0
Now, to solve the ARDE using the proposed numerical
method let us approximate u(x, t) by Fibonacci
polynomial as

u(x, t) = 0T (x)CO(t) (41)

Where
Ci1 Ci2 cn+
C= C:'21 C22 C1n.+ 1
cny  cny ntan+1/ giyxmen)
R(x,t)

= t(_a)(Z)T(x)CMa(Z)(t)
— x B (@7 () CO()) (@7 (x)(MP) Co(t)
+ (0T () (M)TCH(1)) — k(DT (x)CO(D))

0.0 0.2 04 0.6 08 1.0

Figure 1. Variations of the conservative system's
u(x, t) versus x at t = 0.6 when v =0.2

u(x, t)
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X
Figure 2. Variations of the conservative system's u(x, t) vs
xatt=0.6forv=0
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Figure 3. Variations of the nonconservative system's
u(x,t)vsxatt=0.6forv=0
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Figure 4. Variations of the nonconservative system's u(x, t) vs
xatt=0.6 forv=0.2
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Figure 5. Variations of the conservative system's u(x, t) vs x
att=0.6 forv=0.2
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Figure 6. Variations of the conservative system's u(x, t) vs x
att=06forv=0

h =1, 2, 3,..n. To collocate the boundary conditions, x =
1 and t = 1 must be included in addition to these points.
At last, we have an algebraic equation system of (n+1)?
numbers of unknowns, which can be solved using
Newton's method.

MATHEMATICA software is utilized to acquire
numerical results forn =7.

7. RESULTS and DISCUSSION

This section's Figs. 1-6 show the numerical
solute concentration values in the presence and absence
of advection and reaction terms, along with changes in
the temporal parameter a while maintaining the spatial
parameter b fixed, as well as changes in b for a fixed a.
In order to demonstrate the impact of the advection
term, the changes of u(x, t) versus x at t = 0.6 are shown
in Figs. 1-2 and 3-4 for the conservative system (k = 0)
and the nonconservative system (k = 1), respectively,
maintaining a = 1 and 8 = 1.4(0.2) 2.0. It can be
observed that in both systems when there is an
advection term present, u(x, t) drops as b increases, but
subsequently the converse happens.

Moreover, it is observed that in the case of a
nonconservative system, the sink term (k = 1) causes
damping. Once more, for both conservative and
nonconservative systems, the solute concentration
translations are easily observed with the fluid velocity
(v = 0.2) and without any alteration to the curves'
slopes.

The changes of wu(x, t) for conservative and
nonconservative systems, assuming £ = 1 and a =
0.4(0.2) 1.0, are depicted in Figures 5-6 with x at t =
0.6. The figures have resemblance to earlier instances,
with the exception of variations in overshoots.

8. CONCLUSION

In this study, based on the outcomes of the SF-
ADR and TF-ADR models, we describe a strategy for
solving the TSF-ADR model. By bearing in mind the
lined fusion of the resolutions of the SF-ADR and FT-
ADR systems, we can then determine the model
solutions.
We use a numerical method that is frequently used to
solve lined and nonlinear models of small regular
variance calculations. Mathematical testing and error
exploration provide closeness classification as evidence
of the correctness, efficacy and dependability of the
recommended approach.
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Ring theory is one of the branches of an abstract algebra. This field is the study of a
mathematical system with two binary operations. In this branch, many articles have studied this
algebraic structure and presented some new works. However, the concept of purity has been studied
before more than 40 years ago, especially the relation between the pure ideal and some other ideals on
the given ring. In this paper, we survey the important results that concern with pure ideals. Some
different types of ideals have been discussed such as N-pure ideals, z-ideals, I1-pure ideals and strongly
pure ideals. Moreover, some recent results based on the work of several researchers have been

summarized. On the other hand, regarding these types of ideals, some questions have been presented.
Furthermore, many important results about various types of rings which are based on the notion of pure

ideals have been studied.

1. INTRODUCTION

An abstract algebra is one of the major
branches in Mathematics. The name of algebra is
mentioned in the book of the mathematician
Muhammad ibn Musa al-Khwarizmi. An abstract
algebra is a broader field, and this field is concerned
with the study of algebraic structures and the relations
between them. A number of articles have been reviewed
in ring theory and others in group theory. In other
words, some authors have been published their articles
which concerned with specific topic in rings or groups.
For instance, in 2005 Nicholson and Zhou in [1]
presented such study in order to summarize the
developments on the concept of clean rings. In their
study, many results are presented for exchange ring
(changing property), group rings, semi-boolean ring and
the connection among C*-algebras and clean rings of
continuous functions. In addition, they presented some
results which concentrated on the strongly clean rings.
Regarding these topics, they stated some questions,
some of which have been answered and others are not.
Furthermore, another study with different direction has
been determined in [2]. This study was a

*Corresponding Author Institutional Email: _moh861122@yahoo.com
(Mohammed Khalid Shahoodh)

survey on the strongly clean rings. Moreover, a brief
survey paper on the rings generated by units has been
presented in [3]. On the other hand, a short survey that
emphasizes the theorems of Schur and Baer has been
written in [4]. This study discussed some of the recent
results that generalize these theorems. In this paper, we
present a short survey on the notion of pure ideals with
related concepts and discuss them in detail. The present
paper is an attempt to provide some results that
concerned pure ideals and their related concepts in a
suitable way for everyone who has some basic
information about this topic. According to our work, we
are unable to find such study in the literature that has
been published on this topic. Therefore, this study is
conducted. Then, this study can be considered as a first
step on this way and perhaps it will encourage others to
provide and extend some works on this topic. The
present article has been divided into two sections. In
section two, we look at the pure ideals with some other
types of ideals and the relations between them. In
Section three, some types of rings based on the notion
of pure ideals have been studied.

Mohammed Khalid Shahoodh, Omar Kareem Ali, Montaser I. Adwan, On Pure Ideals: A Review, Pure Sciences International Journal of

Kerbala, Vol.2, No.5., (2025) 55-61
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2. PURE IDEALS, Z-IDEALS, STRONGLY PURE
IDEALS, N-PURE IDEALS, GP-IDEALS AND
II-PURE IDEALS

The study of pure ideals is going back to
around fifty years ago. The references [5-8] are the first
who worked on the concept of pure ideals. This concept

has been developed and studied extensively by [9-12].

Many papers have tackled this notion by different ways.

In this section, our attention has been paid to study the

pure ideals with some other types of ideals and

discussed the relation between them. As a starting point,
an ideal ¢ of R is said to be pure ideal (for short PI) if,
for every v € ¢ there exist u € ¢ such that v = vu or
equivalence to, for any ideal £ in R, we have { N & = (&
is hold. A paper by [13] studied this type of ideals in the

ring of (bounded) real-valued, continues functions C(T")

on the completely regular Hawsdorff space I'. This way

may give the connection between the functional analysis
and an abstract algebra. An Artin-Rees property means,

for every ideal ¢ € R there exist n € Z* such that {* n

& c (&, then we say that & has Artin-Rees property. The

author proved that, the sum of every two pure ideals is

also pure ideal. This result can be generalized to a finite
number of pure ideals. Besides, the author considered
another type of ideals namely z-ideal. This ideal is
defined as follows: an ideal ¢ is said to be z-ideal if, for
every v € ¢ there exist H, (the intersection of all
maximal ideals in the ring which containing v) such that

H,, € . Clearly, the pure ideals are z-ideals. But what

about the convers?. In particular, when is every z-ideal

is a pure ideal in the proposed ring C(I)?. It's clear that
from the definition of pure ideal, every pure ideal in

C(I") has Artin-Rees property. The author answered the

mentioned question as follows: z-ideal in C(T") is pure

ideal iff it has Artin-Rees property. Further, he

characterized a space I' in which every z-ideal of C(I")

has Artin-Rees property. He proved the following

statements are equivalent: (i) Every z-ideal of C(I") is
pure, (ii) T is a P-space, and (iii) Every ideal of C(T) is
pure.

Corollary 2.1 [13] Every z-ideal of C(I") has Artin-

Rees property iff I' is a P-space.

Corollary 2.2 [13] Every ideal of C(T) has Artin-Rees

property iff " is a P-space.

Question 1: Is there a general presentation that can give

the specific number of pure ideals and z-ideals in C(T')?.

On the other hand, in [14] it has been defined the
right (left) strongly pure ideal as follows: An ideal ¢ of
R is strongly right (left) pure ideal (for short R(L)SPI),
if Vv € ¢ there exist a prime element s € { in which
v = vs(v = sv). Clearly that every strongly pure ideal
is a pure ideal but the convers need not to be true.
Because, the prime element s in the ideal ¢ is not
always existed, for example in the ring of integers
module 6, we have (3) = {0,3} is a SPI of Z. However,
(2) ={0,2,4} is a Pl of Zs but it's not SPI of Z.
Because no prime element s € (2) in which 2 =2-s.
Moreover, the author presented several properties of
such types of ideals such as, if ¢ is SPI of R, then ¢ =
&n ¢ for every ideal ¢ of R. Based on this result, it
should be noted that SPI satisfying the Artin-Rees
property. In other words, one can check through this
direction, whether the connection between SPI and z-
ideal is valid or not. Furthermore, the author proved any
ideal generated by prime idempotent element is a SPI.
Then, she generalized this property to a finite number of
prime idempotent elements. The following proposition
provided some necessary and sufficient conditions to
get the SPI from PI.

Proposition 2.1 [14] Suppose R is a factorial ring with
¢ be an ideal of R in which every non-zero and non-unit
element of R is irreducible. Then, ¢ is SPI iff { is PI.

Remarkably, the RSPI is not the left and the LSPI is
not the right. This property has been checked in one
direction by the same author. She presented a condition
to get the RSPI from the LSPI. The condition which was
given is to assume that R is a reduced ring. The
mentioned result is given in the following proposition.
Proposition 2.2 [14] Suppose R is a reduced ring with {
be any ideal of R. Then, ¢ is a RSPI iff ¢ is a LSPI.
Question 2: Is there a necessary and sufficient
conditions to get the left strongly pure ideal from the
right strongly pure ideal?

Question 3: Is there a general presentation that can give
the specific number of strongly right (left) pure ideals in
the ring Z,,.

Nevertheless, the author determined some other

properties of SPIs which are given as follows.

Remark 2.1 Let ¢ and € be two ideals of R. Then,

1. 1f ¢ is SPI of R, then ¢ N & is a SPI of R.

2. Let{ €&, thenif ¢ n & is SPI of R, then  is SPI of
R.
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3. The intersection of two SPIs is a SPI. This result can
be generalized to a finite intersection of SPIs.

4. If ¢ and & be two ideals of R, then ¢ is SP1iff { N € is
SPI.

5. For an arbitrary two ideals of R, if their direct sum is
SPI, then one of them is SPI of R.

6. If R is a factorial ring with the direct sum of two
given ideals ¢ and & of R is SPI, then ¢ and & are SPIs.
Proposition 2.3 [14] Let { and & be two ideals of R, if
¢@E is SPI of R, then either ¢ or € is SPI of R.
Corollary 2.3 [14] Let ¢ and ¢ be two ideals of a
factorial ring R such that (¢ is SPI of R. Then, { and &
are SPIs of R.

The concept of N-pure ideals has been introduced in
[15] as a generalization for the concept of pure ideals.
The motive that encouraged the author to present such
types of ideals is to provide a new ring namely mid ring
with some of its properties.

Definition 2.1 [15] The ideal ¢ of R is said to be N-pure
ideal, if for all v € { there exist u € ¢ for which v(1 —
u) € R where R is a nil-radical of R.

Clearly, any Pl is a N-pure ideal and the convers is not
necessarily true. Since the radical of a non-reduced ring
R is a N-pure ideal but not PI. For the case that R is a
reduced ring, then N-pure ideals and Pls are the same.
In addition, some properties of this notion have been
studied. For example, the sum of a family of N-pure
ideals is a N-pure ideal. Also, the intersection (resp.
product) of two N-pure ideals is a N-pure ideal. The
author showed that the class of N-pure ideals is greater
than the class of pure ideals. He then showed the results
bellow.

Proposition 2.4 [15] Assume R be a ring. Then, R is a
reduced ring iff any N-pure ideal is a PI.

Proposition 2.5 [15] Assume R be a ring and ¢ is an
ideal of R. Then, ¢ is a N-pure ideal iff yv € (an > 1
with u € ¢ such that v™(1 — u) = 0.

Lemma 2.1 [15] If ¢ is an ideal of R. Then, { is a N-
pure ideal iff (( + R)/RisaPl.

Theorem 2.1 [15] Let ¢ be an ideal of R. Then, the
conditions bellow is equivalent.

1. ¢ is a N-pure ideal.

2. Foreach vy, ..., v, € { there existu € { withs > 1
such that v = viuforeachk = 1,..,n.

3. For each v € ( there exist s = 1 such that An(v®) +
{=R

4.\/{={vER|In > 1,An(v™) + { = R}.

5. /¢ is a N-pure ideal.

6. There exist a unique pure ideal ¢ such that \/7 = /€.
Corollary 2.4 [15] Assume R be a ring with ¢ is an
ideal of R. Then, ¢ is a N-pure ideal iff ™ is a N-pure
ideal for eachn > 1.

SPI = Pl = N-Pure Ideal
Question 4: Is there a general presentation that can give
the specific number of N-pure ideals in the mid ring?
Question 5: Does the properties of strongly pure ideal
are valid for a N-pure ideal?

Next, the study of [16] is one of the attempts which
developed the concept of Pls. In the same year, the
generalization of Pls has been presented in [17]. They
defined the right (left) generalized pure ideals (for short
R(resp. L)GPI) as follows: The ideal ¢ of R is said to be
R(L)GPI, if for each v € { there is u € { withn € Z+
for which v"™ = v™u(w™ = uv™). They used this
generalization to present some results in [18]. They
proved that for every ideal ¢ of a reversible ring R, then
¢ is a RGPl iff ¢ is a LGPI. However, they showed that
when R is a reversible ring, then Ank(v™) = Ank(¥™)
where v € R and n € Z*. On the other hand, the idea of
right II-pure ideals was obtained by [19] as a
generalization for the RPIs. This generalization has been
defined as follows: The right ideal ¢ of R is called right
II-pure ideal, if for any v € ¢ there exist u € { withn €
Z* and v™ # 0 such that v™u = v™. It's clear that every
RPI is a right II-pure ideal but not conversely.
Furthermore, a II-pure ideal implies GPI but not the
converse. Consider the ring Z;,, then the ideals (3) =
{0,3,6,9} and (4) = {0,4,8} of Z,, are Il-pure ideals.
However, the ideal generated by (3) in Z, is a GPI of Z,
but not IT-pure ideal. In addition, the author determined
some condition for I1-pure ideal to be PI. The condition
stated that, if R is a right SXM-ring, then every II-pure
ideal is a pure ideal, where SXM-ring is the ring in
which Ank(v) = Anf(v™), Vv #0€R and n€ Z*
with v™ = 0.

Question 6: Is it possible to find a relation between SPI
and N-pure ideal?.

Question 7: Is there a relation between SPI and right II-
pure ideal as well as z-ideal?.

Question 8: Is there a relation between z-ideal and N-
pure ideal?.
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3. SOME RINGS BASED on PURE IDEALS
In the literature, there are many articles that

have been written about some rings which included Pls
and each one has been going in different direction. In
this section, we will study in brief some of these studies
and discuss them in details. In [20] the right PIP-ring
has been defined. The right PIP-ring is a ring for which
any principal ideal is RPI. As an illustrative example, Z,
is a right PIP-ring. However, Z;, is not. Further, the
author has proved that a right PIP-ring is a reduced ring
and semi-prime ring. Moreover, S. H. Ahmed showed
that a right PIP-ring with no zero divisors is a division
ring. Then, she determined a condition under which, the
right PIP-ring becomes a division ring. This condition
states that, if R is a right uniform PIP-ring, then R is a
division ring.  Moreover, a paper by Husm [21]
generalized the results of [20] to present the right PIGP-
ring which is a ring whose principal ideals are GPlIs.
The ring Z,, is a PIGP-ring. It is clear that, any right
PIP-ring is a right PIGP-ring but not conversely. The
author obtained a condition under which the convers is
true. In particular, H. Q. Mohammad proved that the
right PIGP-ring is right PIP-ring whenever Anj(v") <
Ang(v),Vv € R and n € Z*. The mentioned result is
stated bellow.

Theorem 3.1 [21] Let R be a right PIGP-ring and
Ank(v™) € Ank(v) for each v € R withn € Z*. Then,
R is a PIP-ring.

However, he proved under the same condition, the
right PIGP-ring is a regular ring. Moreover, the author
characterized the uniform PIGP-ring in the terms of
nilpotent and non-zero divisor. This result is given as
follows.

Theorem 3.2 [21] Let R be a zero-commutative uniform

ring. Then, R is a PIGP-ring iff:

1. For each v € R is either nonzero divisor or
nilpotent.

2. Any nonzero divisor of R is an invertible.

3. N(R) is the right ideal in R.

Theorem 3.3 [21] Let R be a PIGP-ring and Anj(v™) <

Ang(v) for each v € R withn € Z*. Then, R is a

regular ring.

Theorem 3.4 [21] Let R be a commutative PIGP-ring.

Then, 3Rad(vR) = vR + N, where N is the nil radical

of R.

Two vyears later, a right PILP-ring has been
introduced in [22]. A right PILP-ring is a ring in which
any principal right ideal is a LPI. For instance, Z; is a
right PILP-ring since the ideals generated by (2) and
(3) are LPIs of Zs. But Z;, is not a right PILP-ring,
because the ideal generated by 2 is not Pl of Z;,. In
addition, the author showed that R is a reduced ring
whenever R is an abelian right PILP-ring. Furthermore,
R. D. Mahmood also proved, if R is an abelian right
PILP-ring with Anﬁ(v) = 0, then R is a division ring. It
should be noted that, the right PIP-ring and the right
PILP-ring are different. Since the first is considered the
right principal ideal is pure in general. However, the
second is concentrated on the left pure ideal. Thereafter,
the right Nil-pure ring has been introduced in [23]. This
ring was defined as follows: The ring R is said to be
right Nil-pure ring, if for any v € N(R), we have
Ang(v) is a LPI of R. A ring of integers Z is a right Nil-
pure ring but Z,, is not, since the ideal generated by 6 in
Zi, is not Pl. The authors proved some good results
which are as follows: If R is a right Nil-pure ring with
the ideal ¢ is a PI of R, then R/{ is a Nil-pure ring.
Further, for the regularity of this ring, they showed that
whenever R is a right Nil-pure ring, then the center of R
contains no non-zero nilpotent element. Moreover, they
concluded that the center of this ring is a reduced.
Thereafter, they proved that, if R is a reversible and Nil-
pure ring, then R is a reduced ring. Also, they concluded
that, if R is a reversible and right Nil-pure ring, then R is
a left (right) non-singular ring. Finally, they presented
the following characterization.

Theorem 3.5 [23] Let R be a reversible ring. Then, R is
a Nil-pure ring iff R is n-regular ring.

Later on, in [24] new ring has been presented namely
JGP-ring. This ring is defined as follows, R is JGP-ring
if for every ve€J(R), then Ani(v) is a LGPI,
where J(R) is a Jacobson radical of R. They proved the
following results.

Theorem 3.6 [24] Let R be a right JGP-ring with { is a
Pl of R. Then, R/{ is JGP-ring.

Theorem 3.7 [24] Let R be a reversible ring. Then, R is
a right JGP-ring iff Ank(v)+Ank(u™) =R for each
v € J(R) and u € Anj(v) withn € Z*.

Some studies have discussed the maximal ideals and
presented some good results. For instance, the study of
[25] presented MRGP-ring. It is a ring whose maximal
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left ideals are RGPIs. i.e., let ¢ be a maximal ideal of R
with v € ¢, then (v is a RGPI. Further, they discussed
the connection between this ring and MRCP-ring which
is a ring such that all of its maximal left ideals are right
Co-pure ideals (see [26] for details). Moreover, it is
clear that every MRCP-ring is an MRGP-ring but the
convers need not to be true. Since the right Co-pure
ideal implies right GP-ideal but not conversely. The
authors presented under some conditions; the MRGP-
ring can be MRCP-ring. Their result is given bellow.
Theorem 3.8 [25] Let R be a reduced, MRGP-ring.
Then, R is an MRCP-ring.

Furthermore, they have shown that under the same
hypothesis of the above theorem, the ring can be
strongly regular ring. Also, it was shown in [25] that, if
R is a right uniform reduced MRGP-ring, then R is a
division ring. Further, if R is a zero-commutative,
MRGP-ring, then R is kasch ring. The kasch ring is the
ring for which every maximal right (left) ideal is a right
(left) annihilator, (see [27] for details). On the other
hand, it has been defined in [28] a ring such that its
maximal right (left) ideal is a L(R)GPI. Such ring is said
to be right (left) MGP-ring. Clearly that every MRGP-
ring is MGP-ring. They proved that, if R is reduced,
MGP-ring then Ang(u™) is a direct sum of R for each
v €Randn € Z*. Further, if R is reduced, MGP-ring,
then R is kasch ring. Besides that, they provided the
following condition: Let u € R with n € Z* such that
Ank(u™) € Ank(w) then, under this condition, R is right
MGP-ring iff it’s a strongly regular ring. Also, if R is a
right MGP-ring which satisfying the mentioned
condition with v™u =0 where v,u €R and n € Z*¥,
then Anj(v™) + Ani(u) = R. Moreover, the authors
showed that under the same condition with R is a right
MGP-ring, then R is a reduced weakly regular ring.
Thereafter, they proved that R is a division ring
whenever R is uniform semi-commutative, MGP-ring
and each of its ideal is principal. Ultimately, they
defined in [29] new ring namely MEP-ring which is a
ring its maximal essential right ideal is a LPIl. They
determined the following results.

Theorem 3.9 [29] Let R be a semi-commutative, right
MEP-ring. Then, R is a reduced ring.

Theorem 3.10 [29] Let R be a semi-commutative, right
MEP-ring. Then, every essential right ideal of R is an
idempotent.

Moreover, they discussed another important result

concerned with MEP-ring. In particular, they showed
that, if R is a semi-commutative, right MEP-ring, then
J(R) = (0). Besides, they obtained that under the same
hypothesis, R becomes reduced weakly regular ring.
Finally, they proved the following theorem.
Theorem 3.11 [29] The ring R is a strongly regular iff
it’s a semi-commutative, MEP, MERT-ring. The
MERT-ring is a ring such that each of its maximal
essential right ideal is a two-sided ideal, (see [30] for
details).

Raida and Shahla defined in [31] the EGP-ring. This
ring is a ring such that each of its essential right ideal is
a left GP-ideal. The authors proved the next results. If R
is an ERT-ring then, (i) R is a fully left idempotent ring,
(i) R is a right EGP-ring, where, ERT-ring is a ring in
which each of its essential right ideal is a two-sided
ideal [32]. The recent study has been presented the
MLGP-ring in [33]. This ring was defined to be a ring
for which any right maximal ideal is a LGPI. Further,
they showed that, if R is a local, SXM and NJ-ring, then
R is a strongly m-regular ring iff R is MLGP-ring, where
NJ-ring is a ring in which N(R) < J(R). Besides, they
also proved the following results: If R is a local, SXM
and MLGP-ring, then (i) J(R) = 0, (ii) if R is an NJ-
ring, then Anj(v™) is the direct sum for each v € R and
n € Z*. Furthermore, the Mid-ring has been defined in
[15], which is a ring in which for any v € R, we have
Ang(v) is a N-pure ideal. Further, the author showed
that, when R is a Mid-ring and the ideal ¢ is a Pl of R,
then R/¢ is a Mid-ring. Besides that, he proved that, if
R is a Mid-ring for which R = [],,,R,, , then each of R,,,
is a Mid-ring. Let R be a ring, then R is called primary
ring whenever its zero ideal is a primary ideal. By using
the concept of primary ring, the author presented the
characterization for the Mid-ring which is as follows.

Theorem 3.12 [15] Let R be a ring. Then, the following
axioms are equivalent.

1. Risa Mid-ring.

2. Ifvu =0,3n = 1such that Any(v) + Any(u™) =
R.

R, is primary ring for each q € Spec(R).

R, is primary ring for each t € Max(R).

Kerm, is Pl for any q € Spec(R).

Kerm, is Pl for any g € Min(R).
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7. Kerm, = Kerm, in which g, p are prime ideals
with g € p.
8. Kerm, is primary ideal for each g € Spec(R).
9. Kerm, is primary ideal for each t € Max(R).
Theorem 3.13 [15] Suppose p be a prime ideal of a
Mid-ring R. Then, p is a N-pure ideal iff p € Min(R).
Theorem 3.14 [15] Every mid-ring is mp-ring.
Furthermore, the author obtained that any Gpf-ring is
a Mid-ring, where the Gpf-ring is the ring in which each
v €R,3n =1 in which Any(u™) is a PI. Finally, we
end this section by the following results. In [16], the
author presented the concept of right (left) MP-ring
which is a ring contains every maximal right (left) ideal
is a L(R)PI. Then, some new results concerned such
types of rings have been introduced in [34]. In brief,
these results are given as follows: (i) Let R be a right
MP-ring with An}(v) is a weak ideal of R for each v €
R. Then, R is a strongly regular ring, (ii) let R be a right
MP-ring with An}(v) is a weak ideal of R for each v €
R. Then, R is a right division ring if it's an uniform ring.

4. CONCLUSINS

As a conclusion, we have seen from the works of
many researchers that the notion of Pls was very
important in the concept of ring theory. Based on this
notion, many articles have been presented and
considered this notion in different way. The present
study showed that Pls with their generalizations have an
important role in determining the structure of a new ring
and this can be noted in the study of some properties
about it and its relations with some other types of rings.
Therefore, the present study concluded the following
points:
1. Pls gives N-pure ideals but not convers.
2. Pls gives z-ideals and the convers is true with some
necessary and sufficient conditions.
3. SPIs implies Pls but not conversely. It should be
noted that, PIs lies between SPIs and N-pure ideals.
4. RPI implies right I1-pure ideal but not convers.
5. Right IT-pure ideal gives GPI but not converse.
6. PIP-ring, PIGP-ring and PILP-ring have been
introduced based on the principal ideals with Pls and
GPls.
7. Nil-pure-ring and JGP-ring have been provided based
on the concepts of nil radical, annihalitor and Jacobson
radical.
8. Based on the maximal ideals with Pls, MRGP-ring,
MRCP-ring, right (left) MGP-ring and right (left) MP-
ring have been presented.
9. Based on the concept of N-pure ideals, an algebraic
structure called Mid-ring has been introduced.

Issues 5 PSIJK 55-61

5. REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Nicholson, W. K. and Zhou, Y. (2005). " Clean Rings: A
Survey", In Advances in ring theory, vol.12, no. 1, pp. 1-
18. DOI: 10.1142/9789812701671_0017

Yang, A X. (2009). "A Survey of Strongly Clean Rings",

Acta. Appl. Math. vol. 108, pp.157-173. DOI
https://doi.org/10.1007/s10440-008-9364-6
Srivastava, A. K. (2010). "A Survey of Rings

Generated by Units", Annales de la Facult’e des Sci-
ences de Toulouse, vol. 19, no.1, pp. 203-213.

Dixon, M. R, Kurdachnko, L. A. and Pypka, A. A.
(2015). "The theorems of Schur and Baer: A Survey",
International Journal of Group Theory, vol. 4, no. 1,
pp.21-32. DOI: 10.22108/1JGT.2015.7376

Lazard, D. (1967). "Disconnexités des spectres
d’anneaux et des préschémas", Bull. Soc. Math.
France, vol. 95, pp.195-108. DOl:
10.24033/bsmf.1649

Fieldhouse, D. J.(1969). "Pure Theories", Math. Ann,
vol. 184, pp. 1-18. DOI:
https://doi.org/10.1007/BF01350610

Bkouche, R. (1970). "Pureté, mollesse et

paracompacité”, C. R. Acad. Sci. Paris Sér. A-B, 270.

Fieldhouse, D. J. (1971). "Regular Modules Over
Semi Local Rings", Coll. Math. Sco. Janos Bol-yai,
pp. 193-196.

Marco, G. De. (1983). "Projectivity of Pure ldeals",
Rend. Sem. Mat. Univ. Padova, vol. 69, pp. 289-304.

Al-Ezeh, H. (1988). "The Pure Spectrum of PF-rings",
Commutatively Math. University S. P. vol. 37, no. 2,
pp. 179-183.

Al-Ezeh, H. (1989). "Pure Ideals in Commutative
Reduced Gelfand Rings with Unity", Arch. Math.
vol.53, pp. 266-269.
https://doi.org/10.1007/BF01277063

Al-Ezeh, H. (1989). "On Generalized PF-rings", Math.
J. Okayama Uni. Vol. 31,pp. 25-29.

Afrooz. S. (2016). "Pure Ideals, z-ideals and Ideals
with Artin-Rees Property in C(I')", 4" Seminar on
Algebra and its Applications. August 9-11, University
of Mohaghegh Ardabili.

Abdullah, N. K. (2015). "Strongly Pure Ideals and
Strongly Pure Sub-modules", Kirkuk University
Journal of Scientific Studies, vol. 10, no 1, pp. 12-28.
Aghajani, M.(2020) "N-pure ldeals and Mid Rings",
arXiv preprint arXiv:2011.02134.

Mahmood, R. D.(2000). "On Pure Ideals and Pure
Submodules”, Ph. D. Thesis Mosul university.

Shuker, N. H. and Mahmood, R. D. (2000) "On
Generalization of Pure Ideals", Journal of Education
and Science, vol. 43, pp. 86-90.

Mahmood, R. D. and Khalil, S. M. (2009)."On GP-
Ideals", Rafidain Journal of Computer Science and
Mathematics. vol. 6, no. 3, pp. 57-63.

Ahmad, S. H.(2014). "On II-pure Ideals", Rafidain
Journal of Computer Science and Mathematics, vol.



https://doi.org/10.1007/BF01350610
https://doi.org/10.1007/BF01277063

20.

21.

22.

23.

24.

25.

26.

27.

2025, volume 2, Issues 5 PSIJK 55-61

11, no. 2, pp. 83-86. DOI:
10.33899/csmj.2014.163751

Ahmad, S. H. (2006) "On Rings Whose Principal
Ideals are Pure", Rafidain journal of computer science
and mathematics, vol. 3, no. 2, pp. 53-57.

Mohammad, H. Q.(2007). "On Rings Whose Principal
Ideals are Generalized Pure Ideals", Rafidain Journal
of Computer Science and Mathematics, vol. 4, no. 1,
pp. 63-68.

Mahmood, R. D. (2009). "PILP-rings and Fuzzy
Ideals", Rafidain Journal of Computer Science and
Mathematics, vol. 6, no. 2, pp. 31-37. DOL:
10.33899/csmj.2009.163794

Hajo, A. M. and Mahmood, R. D.(2017). "On Nill-
pure Rings", International Journal of Enhanced
Research in Science, Technology and Engineering,
vol. 6, no.11, pp. 25-28.

Majeid, E. S. and Mahmood, R. D. (2019). "JGP-
Ring", Open access library journal, vol. 6, 5626, pp.
1-4. DOI: 10.4236/0alib.1105626

Mahmood, R. D. and Abd, M. A. (2005). "On Rings
Whose Maximal Ideals are GP-ideals", Rafidain
Journal of Computer Science and Mathematics, vol. 2,
no. 2, pp.27-31.

Shuker, N. H. and Mahmood, R. D. (2000). "On Rings
Whose Maximal Ideals are Co-pure”, Rafidain
Journal of Computer Science and Mathematics, vol.
11, no. 4.

Ming, R. Y. C. (1986). “"On Semi Prime and Reduced
Ring", Riv. Math. Univ. Parama, vol. 4,n0.12, pp.
167-175.

28.

29.

30.

31

32.

33.

34.

Mahmood, R. D. and Mahmood, A. B. (2008).
"Maximal Generalization of Pure Ideals", Rafidain
Journal of Computer Science and Mathematics, vol. 4,
no. 1,pp. 57-62.

Mahmood, R. D. and Mahmood, A. B. (2007). "On
Rings Whose Maximal Essential ldeals are Pure",
Rafidain Journal of Computer Science and
Mathematics, vol. 5, no. 1,pp. 21-27. DOI:
10.33899/csmj.2007.163995

Ming, R. Y. C. (1983). "Maximal ldeals in Regular
Rings", Hokkaido Mathematical Journal, vol. 12, pp.
119-128.

Mahmood, R. D. and Khalil, S. M. (2010). "MGP and
EGP- rings", Rafidain Journal of Computer Science
and Mathematics, vol. 7, no. 2, pp.59-65. DOI:
10.33899/csmj.2010.163885

Brown, S. H. (1973). "Rings Over Which Every
Simple Module is Rationally Complete", Canad. J.
Math, vol. XXV, no. 4, pp. 693-701. DOI:
https://doi.org/10.4153/CIM-1973-070-0

Mahmood, R. D. and Mageed, E. S. (2019). "On
MLGP-rings", Rafidain Journal of Computer Sci-ence
and Mathematics, vol. 13, no. 2, pp.61-66. DOI:
10.33899/csmj.2020.163521

Mahmood, R. D. and Hajo, A. M. (2020). "On MP-
rings", Rafidain Journal of Computer Science and
Mathematics, vol. 14, no. 1, pp. 35-40.
DOI:10.33899/csmj.2020.164797

Arabic Abstract

a2 el e LSl e Adliae Claladl b il Gides G (58 il ol Anl e S g o) 2yaal) aall g 558 aa) Il Ayl e
lalall Gy Jga A5 40 o IS I8 Al 53 Caad (g3 5 Jlaall 138 8 dagal) aualiall (o 2l LI & geba Adina 4y s Aty J g B0a il Caed Jlal)
Al R Jie gAY LGN (any ae LeiliDle 5 dacnall Al LIV 5 A8l Ul J a3 it dxal jeo Ll Canall 18 & lulSall (any Sl
ALY Gany 7 o ae g s gall 138 Jsa Caand ) 3 aa) il 5 IS 4 gl Adl) L 5 TT-g o8 e & (e ¢ Z-g 55 e (M ¢ N-g sill (e
LGl Apen) Caia o) Al jall o3 Aaii o a6 AY! Cllliall 5 LB @l A8l Al 53 IR (e B al & Syl OKaYL Ja il ) i S
A A e b g LeBle 5 Lgual s 5 Ay il Al (0S5 B 4l () ) sall 5 Lgtlagant Al




otn 0 Pure sciences international
| B Journal 0f kerbala

Year:2025 Volume : 2 Issue : 5 ISSN: 6188-2789 Print 3005 -2394 Online

0

Follow this and additional works at: https://journals.uokerbala.edu.ig/index.php/psijk/AboutTheJournal

This Original Study is brought to you for free and open access by Pure Sciences International Journal of kerbala
It has been accepted for inclusion in Pure Sciences International Journal of kerbala by an authorized editor of Pure Sciences .
/International Journal of kerbala. For more information, please contact journals.uokerbala.edu.iq



2025 ,volume 2, Issues 5 PSIJK 62-71

Pure Sciences International Journal of Kerbala
Journal Homepage:https://journals.uokerbala.edu.ig/index.php/psijk

Chat GPT-4: Methods, Applications, and Ethical Concerns of an Advanced Language

Model

Aseel B. Alnajjar?", Marwa K. Farhan?, Saadaldeen Rashid Ahmed3

IComputer Science Department- College of Science - AINahrain University, Jadriya, Baghdad, Iraq
2Scholarships and Cultural Relations Directorate, Ministry of Higher Education and Scientific Research, Baghdad, Iraq
3Computer Science, College of Engineering and Science, Bayan University, Erbil, Kurdistan, Iraq

PAPER INFO

ABSTRACT

Received: 15 January 2025
Accepted: 1 February 2025
Published: 31 March 2025

Keywords:

Chat GPT-4,Generative Pre-Trained
Transformer ,Natural Language Generation
State-of-the-art techniques,

Modern algorithms ,Ethical considerations

Generative Pre-Trained Transformer (GPT) is the arrangement of language models,
displaying momentous changes over its forerunners through the integration of state-of-the-art
procedures and modern calculations. This comprehensive term paper dives deeply into the
complexities of Chat GPT-4, unwinding the basic strategies, novel progressions, and potential
applications that make it a trailblazer in the early NLP model development. With a focus on both
specialized and moral contemplations, the paper investigates the energetic scene encompassing Chat
GPT-4. It fundamentally analyzes its potential moral suggestions, such as predispositions and
reasonableness concerns, and emphasizes the requirement for mindful advancement and arrangement
of such effective dialect models. The moral talk is expanded to include straightforwardness,
responsibility, and societal effect, calling for vigorous rules and systems to guarantee the mindful and
comprehensive utilization of Chat GPT-4 in various spaces. The term paper sheds light on the
challenges that go with the modernity of Chat GPT-4, tending to issues such as fine-tuning, provoking
building, and guaranteeing the model's flexibility to distinctive assignments and spaces. Besides, it
traces potential future inquiries about headings, empowering proceeded investigation and progressions
in dialect to demonstrate improvement. By emphasizing the significance of moral contemplations,
talking about specialized headways, and investigating potential applications and challenges, this term
paper serves as a comprehensive direction for analysts, professionals, and policymakers looking to
explore the advancing scene of Chat GPT-4 and tackle its transformative potential whereas maintaining
moral guidelines and societal values.

1. INTRODUCTION

Chat GPT-4 speaks to the cutting-edge headway

calling for vigorous rules and systems to

inside the regarded GPT arrangement of language
models, displaying momentous changes over its
forerunners through the integration of state-of-the-art
procedures and  modern  calculations.  This
comprehensive term paper dives deeply into the
complexities of Chat GPT-4, unwinding the basic
strategies, novel progressions, and potential applications
that make it a trailblazer in the NLP. With a focus on
both specialized and moral contemplations, the paper
investigates the energetic scene encompassing Chat
GPT-4. It fundamentally analyzes its potential moral
suggestions, such as predispositions and reasonableness
concerns, and emphasizes the requirement for mindful
advancement and arrangement of such effective dialect
models. The moral talk is expanded to include
straightforwardness, responsibility, and societal effect,

*Corresponding Author Institutional Email:
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guarantee the mindful and comprehensive utilization of
Chat GPT-4 in various spaces. The term paper moreover
sheds light on the challenges that go with the modernity
of Chat GPT-4, tending to issues such as fine-tuning,
provoke building, and guaranteeing the model's
flexibility to distinctive assignments and spaces.
Besides, it traces potential future inquiries about
headings, empowering proceeded investigation and
progressions in dialect to demonstrate improvement. By
emphasizing the significance of moral contemplations,
talking about specialized headways, and investigating
potential applications and challenges, this term paper
serves as a comprehensive direction for analysts,
professionals, and policymakers looking to explore the
advancing scene of Chat GPT-4 and tackle its
transformative potential whereas maintaining moral
guidelines and societal values. Normal language
preparation (NLP) has become a vital investigative field

Aseel B. Alnajjar, Marwa K. Farhan, Saadaldeen Rashid Ahmed, Chat GPT-4: Methods, Applications, and Ethical Concerns of an Advanced
Language Model, Pure Sciences International Journal of Kerbala, Vol2. No. 5., (2025) 62-71
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in fake insights (Al) due to the fact that it has to be
prepared and got the endless sum of unstructured
information produced in different areas such as
healthcare, funding, and social media. The improvement
of progressed language models, such as the Generative
Pre-Trained Transformer (GPT) arrangement, has
played an essential part in progressing the state-of-the-
art in NLP assignments such as dialect interpretation,
content summarization, and assumption investigation
[1]. As of late, OpenAl declared the improvement of
GPT-4, a more progressed and modern dialect
demonstrated than its forerunner, GPT-3 [2]. The
sections of this research are as below :

Related Work: this research surveys existing
writing and investigates dialect models, centering on
considerations that have impacted the improvement and
headway of GPT models. It gives a comprehensive
understanding of the current state of the field .

GPT History: This part follows the advancement
and points of reference of the GPT arrangement. It
examines the key highlights and headways in each
emphasis, highlighting the advances made in common
dialect preparation.

GPT Utilized Methods: Here, the paper
investigates different strategies utilized in GPT models,
such as self-attention instruments, pre-training on
expansive content corpora, and fine-tuning for particular
errands. It clarifies how these strategies contribute to the
adequacy and execution of GPT models.

Chat GPT-4 Applications: This region examines
the diverse amplify of applications where GPT models,
checking Chat GPT-4, can be utilized. It talks about
their potential in characteristic lingo understanding,
time, translation, summarization, and other NLP
assignments, showing their adaptability and down-to-
soil utility.

Comparing Chat GPT-4 with Chat GPT-3: This
part compares and contrasts the highlights, capabilities,
and changes presented in Chat GPT-4 in comparison to
its forerunner, Chat GPT-3. It highlights the headways
and improvements that make Chat GPT-4 a more
capable and advanced dialect show.

Challenges and Ethical Concerns: In this part, the
paper addresses the ethical contemplations and
challenges related to the improvement and arrangement
of Al dialect models like Chat GPT-4. It talks about
issues such as predisposition, decency, protection, and
the mindful utilization of dialect models, highlighting
the requirement for rules and dependable Al hones.

Simulation of a Chatbot based on GPT: This area
investigates the down-to-earth angles of joining Chat
GPT into Python. It talks about the devices, libraries,
and procedures that encourage the consistent integration
of the dialect show, displaying its potential for real-
world application advancement.

Future Work: The paper concludes with a talk on
potential future inquiries about headings and
progressions within the field of dialect models. It
investigates conceivable outcomes to encourage
progress in the execution, effectiveness, and a few
contemplations of Chat GPT-4, clearing the way for
proceeded advancement in natural language handling.
The ultimate segment is the conclusion.

2. RELATED WORK

A few striking inquiries about things have
contributed to the progression of dialect models and
their applications in different spaces [1].They
illustrated the surprising few-shot learning capabilities
of dialect models, displaying their potential for versatile
and adaptable frameworks. This work has started
intriguingly investigating how dialect models can viably
learn from constrained information [1]. Advanced ones
explored the dialect models' capacity to perform viably
in few-shot learning scenarios, emphasizing their
generalization and exchange learning capabilities. Their
discoveries shed light on the potential of dialect models
to rapidly adjust to modern errands and spaces, making
them important apparatuses for different applications[1].
Within the setting of multitask learning, [4] and [5] dug
into the unsupervised nature of dialect models and
investigated their capacity to handle different
assignments at the same time. They illustrated that
dialect models can be prepared to exceed expectations
in different common dialects by handling errands
without unequivocal supervision, highlighting the
flexibility of these models and their potential to spare
computational assets [4] and [5]. Exchange learning has
developed as a capable procedure in machine learning,
and it has also been broadly examined within the setting
of dialect models. [6] given a comprehensive study on
exchange learning, analyzing its standards, strategies,
and applications. They talked about different
approaches to exchange learning, counting fine-tuning,
space adjustment, and demonstrating adjustment,
advertising profitable experiences by leveraging pre-
trained models in completely different scenarios [6]. [7]
proposed the concept of information refining, which
includes exchanging information from a complex
demonstration (instructor) to a less complex show
(understudy). This approach has been broadly connected
in different spaces, counting normal dialect preparation,
to distill the information captured by huge dialect
models into smaller and more proficient models [7]. [8]
given a comprehensive presentation to support learning,
a field closely related to dialect demonstrating. They
presented fundamental concepts and calculations in
fortification learning, advertising a strong understanding
of the standards and strategies utilized to prepare
specialists who learn from intuition in an environment
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[8]. The work conducted by [2] centered on making
strides in the default conduct of chat-based dialect
models, tending to moral concerns, and highlighting the
significance of dependable Al advancement. They
inquire about points to improve the client involvement
and guarantee the dialect model's reactions adjust with
societal standards and values [2].

These ponder collectively form the establishment for
our investigation and rouse the integration of GPT-4
into Python-based applications, as examined in this
paper. Table 1 summarizes the disscused works in terms
of pros, cons, and the method used.

TABLE 1. Summarization of discussed works: Methods, pros,

and cons
Methods
Source Summary used Pros Cons
Explored the
unsupervised Performan
lnature of Unsupervi Flexible ce may
anguage suffer
sed models, -
[4] models and learning computati without
&[5]  their ability to multitask onal supervisio
handle learnin efficienc N, requires
multiple tasks 9 Y fine-
simultaneously tuning.
A .
comprehensive Transfer Leverages R?grw;es
study on learning, pre- datasgets
transfer fine- trained challen e’s
6 learning, tuning, models, in g
covering domain improves adantin
principles, adaptation  knowledg to gewg
strategies, and e transfer. domains
applications. '
Introduced
knowledge
distillation, Reduces
transferring Knowledg  computati Some
knowledge e transfer,  onal cost, informatio
7 froma model improves n loss in
complex compressi  efficiency the
(teacher) on. of smaller process.
model to a models.
simpler
(student) one.
Strong for
A broad adaptive Requires
introductionto  Reinforce systems, corc111 lex
reinforcement ment enhances comple
. - simulation
8 learning, learning, understan s slow
covering key agent ding of Ie’amin
concepts and training. self- rocessg
algorithms. learning P '
strategies.
Focused on
improving Aligns .
chatbot Responsib models 3?12%2223
behavior, le Al user with .
- . - technical
addressing experienc ethical
2 . performan
ethical e standards, celis
concerns,and  optimizati builds .
- . challengin
ensuring on. trust in
responsible Al g

Al

2.1. History of Chat gpt

The heredity of GPT models can be followed
back to GPT-1, which was presented by [4]. GPT-1
illustrated the control of large-scale dialect models
prepared on colossal sums of content information. It
utilized transformer-based engineering and
accomplished momentous execution on different NLP
benchmarks. Taking after the victory of GPT-1, ensuing
cycles were created to upgrade the capabilities of
conversational Al. GPT-2, discharged in 2019,
highlighted an altogether bigger show measure and
illustrated moved forward execution in content era and
understanding [9]. GPT-2 showcased the potential of
generative dialect models but moreover raised concerns
about the moral utilization of such effective models. In
2020, OpenAl discharged GPT-3, which stamped a
noteworthy point of reference within the field of NLP
[1]. GPT-3 bragged a gigantic show measure and
illustrated surprising capability over a wide extent of
dialect assignments, counting question-answering
content completion, and dialect interpretation. Its
capacity to produce coherent and relevantly important
reactions earned consideration around the world.
Building upon the victory and lessons learned from
GPT-3, Chat GPT-4 speaks to the following
arrangement of improvement in conversational Al [10].
However, particular subtle elements approximately Chat
GPT-4 may be restricted due to the setting of this
inquiry.It is anticipated to present progressions in
demonstrating design, preparing methods, and fine-
tuning capabilities [2]. Alluding to Figure 1., Chat GPT-
4 points to refining the conversational capacities of Al
frameworks, tending to restrictions watched in past
models, and endeavoring for indeed more human-like
intuition. OpenAl's progressing investigations and
iterative advancement in this space highlight the
organization's commitment to pushing the boundaries of
Al capabilities.

2.2 Examining Methods in Chat GPT-4

The Transformer design, known for its
consideration components, has revolutionized NLP
assignments. Procedures such as meta-learning, fine-
tuning, support learning, information refining, multi-
task learning, and exchange learning have advanced and
moved forward dialect models. Chat GPT-4 points to
use these strategies to develop conversational Al (refer
to Table 2 for a comparison of these strategies).
Transformer engineering is broadly embraced in NLP
assignments, and its victory can be credited to its
utilization of consideration instruments [5]. The
consideration component permits the show to
specifically center on significant parts of the input
information, which makes it exceedingly compelling in
handling common dialects. The  Transformer
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engineering has been utilized in a few dialect models,
counting GPT-2 and GPT-3, which have accomplished
state-of-the-art execution on a run of NLP errands [11].
The show is pre-trained on a huge corpus of content
information and after that fine-tuned on a particular
assignment such as early NLP model development or
dialect understanding. It has revolutionized different
NLP assignments and played an urgent part in the
improvement of state-of-the-art models like GPT-3 and
GPT-4. The key development of Transformer
engineering lies in its capacity to successfully show
conditions between words or tokens in a grouping
without depending on repetitive neural systems (RNNSs)
or convolutional neural systems (CNNs) [5]. Meta-
learning is another calculation that will be used in Chat
GPT-4 because it permits models to memorize how to
memorize and adjust to modern errands with negligible
preparing information [1].

GPT-1 GPT-2 GPT-3

ChatGPT GPT-4

Generative pre- Even bigger Learning from More human

training Multi-task training model human feedback feedback
@ .

L —

The first version The second Initial GPT-3 ChatGPT was GPT-4 was

of GPT was version of GPT  preprint paper was announced on released via
released was released published at OpenAl blog. ChatGPT. API
arXiv. API ChatGPT API

became publicly  became available
available on Nov.  on Mar. 1%, 2023
185, 2021

Figure 1. Development of GPT models.

This method is particularly valuable in NLP, where the
dialect is exceedingly variable, and there are numerous
conceivable ways to precise the same thought. By
procuring meta-learning capabilities, models pick up
flexibility and capability in different dialect
assignments. Few strategies have been proposed for
fine-tuning pre-trained dialect models like GPT-4 for
particular assignments [10]. One such procedure is
incite designing, which includes planning particular
prompts or signals for the model to generate reactions
that are important to a particular task or domain. For
case, in a client benefit chatbot, the provoke may well
be planned to inspire responses that are supportive to
clients with particular issues. Another strategy is fine-
tuning based on human inclinations, which includes
preparing the show to create reactions that are favored
by human evaluators. This technique can be valuable in
circumstances where the model's yield must meet
particular quality criteria or where the show is
anticipated to be associated with people specifically.
Support Learning could be a subfield of machine

learning where an operator learns to create choices and
take actions in an environment to maximize a reward
flag. It involves the interaction between the operator, the
environment, and an input circle that guides the agent's
learning preparation [8]. Information Refining is
another strategy utilized to exchange information from a
huge, complex show (instructor) to a smaller, less
difficult demonstration (understudy). It involves training
the understudy show to imitate the conduct and
expectations of the educator show, coming about in a
more compact demonstration with comparable
execution [7]. In the interim, Multi-task Learning is an
approach where a show is prepared to perform
numerous related errands at the same time. By mutually
learning from numerous assignments, the demonstrate
can use shared data and move forward execution over
all errands, leading to enhanced generalization and
productivity [12]. Exchange Learning is a machine
learning strategy where information picked up from
preparing on one errand is connected to making strides
in the learning or execution on a diverse but related
errand. It leverages pre-trained models or highlights
learned from large-scale datasets, permitting the
exchange of information and quickening the learning
handle for unused errands [6]. In expansion to these
strategies, other techniques have been proposed to make
strides in the execution of dialect models, such as ill-
disposed preparation and space adjustment. Adversarial
training includes commotion or irritations to the input
data to progress the model's vigor to variations within
the data. Space adjustment includes preparing the
demonstration of information from distinctive spaces to
make strides in its capacity to handle unused spaces.

TABLE 2. A comparison of Chat GPT-4 methods

Method Description Reference
Utilizes a neural arrange design

Transformer with consideration components

Architecture for handling input information [10]
Empowers models to memorize

Meta-Learning how to memorize, encouraging [13]

adjustment to modern
assignments and spaces

Includes planning particular
prompts or prompts for creating [1]
task/domain-specific reactions

Trains the show to produce

Prompt
Engineering

Fine-tuning based

reactions favored by human [1]
on Preferences

evaluators
Reinforcement U_tlllzes compensate s_lgnals to

- direct show preparing and [7]

Learning -

progress reaction era

Exchanges information from
Knowledge bigger pre-trained models to

Distillation smaller models for moved- (14]

forward productivity



2025 ,volume 2, Issues 5 PSIIK 62-71

Trains the show on different

related errands at the same time [6]
to upgrade execution

Utilizes information learned
from one errand to progress
execution on another
assignment

Multi-task
Learning

Transfer Learning

(8]

3 .APPLICATIONS OF CHAT GPT-4

GPT-4's potential applications in different
businesses are various and energizing. Additionally, it
improves chatbot precision and viability in client benefit
by conveying exact and relevantly important reactions.
In healthcare, GPT-4 may create chatbots that can offer
assistance to patients with therapeutic requests and give
personalized well-being counsel. GPT-4 might also be
utilized to analyze restorative records and extricate
experiences that may offer assistance to healthcare
experts make more educated choices. In instruction,
GPT-4 might be utilized to create chatbots and virtual
guides that can give personalized learning encounters
for understudies, which might offer assistance to make
strides in understudy engagement and maintenance.
Moreover, GPT-4 is utilized to analyze understudy
information and give bits of knowledge into understudy
execution and learning needs, which seem to offer
assistance to teachers in planning more compelling and
personalized learning encounters [1]. Additionally,
GPT-4's potential applications expand past these
businesses, and it may be utilized in ranges such as
finance, law, and news coverage. In back, GPT-4 may
well be utilized to analyze financial data and provide
insights that may offer assistance to financial specialists
make more educated choices. In law, GPT-4 can be
utilized to help with lawful investigations and drafting
legitimate records. In news coverage, GPT-4 may well
be utilized to analyze news articles and give bits of
knowledge into rising patterns and points. As with any
Al innovation, there are numerous concerns related to
the utilization of GPT-4 in these applications, such as
the potential for inclination and segregation. Be that as
it may, with appropriate advancement and oversight,
GPT-4 has the potential to revolutionize different
businesses and make strides in the lives of numerous
individuals [15].

3.1. Chat GPT 4 Vs. Chat GPT 3

Chat GPT-4 speaks to a critical headway over
its forerunner, Chat GPT-3, in terms of demonstrating
estimate, execution, and capabilities. GPT-4 is
anticipated to have a bigger show estimate [2]. Alluding
to Figure 2, it captures more complex designs and
conditions within the information. This bigger measure
empowers GPT-4 to create more coherent and
relevantly  pertinent  reactions, improving its
conversational capacities [1]. One of the key contrasts

between Chat GPT-4 and GPT-3 is the utilization of
more progressed methods and calculations. GPT-4 is
anticipated to construct upon the victory of GPT-3 and
consolidate unused strategies and models to assist
upgrade its execution. But, GPT-3 as of now illustrated
noteworthy capabilities in characteristic  dialect
understanding and era, GPT-4 points to thrust the
boundaries indeed encourage [1]. GPT-4 is likely to
advantage of headways within the field of normal
dialect preparation and machine learning. This
incorporates the utilization of Transformer engineering,
which has been a crucial component in accomplishing
state-of-the-art execution in different NLP errands [10].
The  Transformer architecture's utilization  of
consideration instruments permits the show to viably
capture conditions between words and create coherent
reactions. GPT-3 moreover utilized Transformer
engineering, and GPT-4 is anticipated to proceed to
leverage its benefits [1].
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100,000,000,000,000
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Figure 2. Chat GPT-4 Vs. GPT-3
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Figure 3. Chat GPT4 Vs. Chat GPT3.
3.2. Ethical Concerns and Challenges

The advancement and utilization of Chat GPT-
4 raise a few moral concerns and challenges that ought
to be tended to. One of the foremost noteworthy
concerns is the potential for the demonstration to sustain
inclinations and segregation. Dialect models are
prepared on huge datasets like GPT-4, and if these
datasets contain inclinations or unfair substance, the
show may learn to imitate these predispositions in its
reactions. To address this concern, it is basic to utilize
differing and comprehensive information and actualize
thorough quality control measures [16]. Another
concern is the potential for GPT-4 to be utilized to
spread deception and publicity. Dialect models like
GPT-4 can generate realistic and coherent content, and
in case these models are utilized perniciously, they may
be utilized to spread fake news, publicity, and abhor
discourse. To relieve this hazard, it is vital to create
rules for the improvement and utilization of GPT-4 and
other Al dialect models [17]. To dodge moral issues
concerning Chat GPT-4 and guarantee dependable
sending a few quality control measures ought to be
executed:
1-The curation of Data: Cautious curation of preparing
information is basic to play down inclinations and
guarantee decency [18]. Datasets ought to be
different, agent, and comprehensive, enveloping a
wide run of points of view, societies, and
socioeconomics [17]. Thorough information pre-
processing and cleaning strategies ought to be
connected to evacuate any one-sided or destructive
substance [16].
2-Detecting and Mitigating Bias: Vigorous strategies for
identifying and relieving inclinations ought to be
utilized [18]. This includes persistently observing the
model's reactions and distinguishing potential
predispositions within the produced substance [17].
Strategies such as ill-disposed preparing, debiasing
calculations, and post-processing steps can be utilized

to decrease inclinations and advance reasonableness
[17, 19].

3-Human oversight and user feedback: Joining client
input instruments and including human analysts can
offer assistance in distinguishing and addressing
potential moral issues [2]. Actualizing input circles
and balance frameworks permits clients to report
tricky yields, empowering persistent advancement of
the model's behavior [2]. Human analysts can also
play a pivotal part in checking on and giving direction
to the model's reactions, guaranteeing they adjust with
moral guidelines [2].

4-Explain ability and Transparency: Guaranteeing
straightforwardness within the working of the show
and giving clarifications for its choices can cultivate
belief and responsibility [20]. OpenAl's approach of
giving documentation and rules concerning the
model's behavior and confinements advances
straightforwardness and allows users to have distant
better; a much better; a higher; a stronger; an
improved, a distant better understanding of how the
framework works [2].

5-Guidelines and Regulations Relating to Ethics:
Building up clear moral rules and following
legitimate systems is vital [20]. Organizations
creating chatbot frameworks ought to characterize and
uphold these rules, covering zones such as security,
assent, separation, and hurtful substance [20].
Collaboration with administrative bodies can offer
assistance shape arrangements and controls that
administer the dependable utilization of Al advances
[21].

6-Evaluating and Iterating Continuously: Standard
assessment of the model's execution and behavior is
fundamental [18]. Continuous checking, investigation
of client criticism, and collaboration with the inquire
about community and outside reviewers can give
profitable bits of knowledge and offer assistance in
distinguishing ranges for change [18].
By executing these quality control measures,
organizations can moderate a few concerns related to
Chat GPT, advance capable Al advancement, and
guarantee that innovation serves the leading interface
of clients and society as an entirety.
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Figure 4. Integrating Chat GPT into Python.

4 .GPT-BASED CHATBOT SIMULATION

As a dialect demonstrates, Chat GPT-4 could
be a complex framework that requires a noteworthy sum
of computational assets and specialized hardware to
prepare and run. However, it isnot viable to fully
reenact the complex usefulness of GPT-4 in Python,
ready to make a Python program that utilizes pre-trained
GPT-2 or GPT-3 models to produce text-based
reactions. Python could be a prevalent programming
dialect for characteristic dialect preparing (NLP)
assignments, and it gives a wide run of libraries and
systems that make it appropriate for working with
dialect models. By leveraging libraries such as
Transformers and Embracing Face's models, able to
stack a pre-trained GPT to demonstrate and utilize its
capabilities for the content era. The objective is to make
an intuitive chatbot encounter where users can input
messages, and the GPT show will prepare the input,
produce relevantly pertinent reactions, and give a lock-
in chat-like discussion. To actualize this, a streamlined
chatbot utilizing GPT-based models in Python was
made, alluding to Figure 4. We will investigate the
control of dialect models in recreating human-like
discussions and producing coherent and significant
content reactions .

The code takes after an arrangement of steps to set up

the GPT-2 demonstrate, allude to Figure 5, handle client
input, and produce reactions.

Load pre-trained
model and tokenizer

Create GUl window

Get user input

Tokenize input text

Generate response

Process
Next Query

Figure 5. GPT-based Chatbot Simulation

Here is a breakdown of the code's primary steps:

1-The program begins by stacking a pre-trained GPT
demonstrated utilizing the GPT2LMHeadModel. From_
pretrained () function. This show has been prepared on
an expansive corpus of content information and can
create relevantly significant reactions based on input
messages.

2- Next, the program sets up a circle to ceaselessly

provoke the client for input. It peruses the user's
message from the command line and tokenizes it
utilizing the GPT2Tokenizer course. The tokenized
input is at that point encoded into input IDs, which
speak to the numerical representation of the content for
the show to handle.

3-The encoded input is nourished into the GPT
demonstrating utilizing the generate () method. This
strategy creates a reaction based on the given input. The
produced reaction may be a grouping of token IDs,
which is decoded back into human-readable content
utilizing the tokenizer.

4-At last, the program prints the produced reaction to

the support, completing the chat-like interaction. The
circle proceeds until the client chooses to exit the
chatbot.

Generally, this code illustrates a disentangled execution
of a chatbot utilizing GPT-based models, empowering a
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conversational involvement with an Al-powered dialect
show.

5. CONCLUSION

Another zone of investigation is the
advancement of more strong and assorted preparing
datasets to diminish the hazard of inclination and
separation in dialect models [25]. Dialect models are
prepared on tremendous sums of content information,
which can reflect and open up existing inclinations in
society [26]. Analysts have proposed different strategies
for debiasing dialect models, such as ill-disposed
preparation and dataset enlargement, but these strategies
are still in their early stages [17]. More inquiry is
required to create viable strategies for lessening
predisposition and expanding differences in dialect
show preparing datasets [27]. In expansion, there could
be a need to inquire to investigate the potential
applications of GPT-4 in zones such as back, law, and
news coverage [28]. For this case, GPT-4 might be
utilized to generate more exact and characteristic dialect
rundowns of budgetary reports or legitimate archives or
to help writers in composing news articles [29]. Be that
as it may, the utilization of dialect models like GPT-4 in
these ranges moreover raises ethical concerns, such as
the potential for abuse or the displacement of human
specialists [30] and [31]. Future investigations ought to
focus on investigating the moral suggestions of utilizing
progressed language models in different spaces. As
talked about in this term paper, Chat GPT-4 speaks to a
noteworthy step forward [32-35] within the field of
characteristic dialect preparing, with its bigger measure
and progressed engineering empowering it to create
more coherent and relevantly pertinent reactions. The
capable improvement and utilization of GPT-4 and
other Al dialect models require collaboration [36- 39]
between analysts, industry pioneers, policymakers, and
other partners to guarantee that moral contemplations
are prioritized. This incorporates the improvement of
more different and vigorous preparing datasets to
decrease the hazard of inclination and segregation, as
well as the execution of shields to anticipate the abuse
of these technologies. Additionally, there may be a need
for more noteworthy straightforwardness and
responsibility within the development and utilization of
Al dialect models, counting the distribution of preparing
information and the usage of reviews and certification
forms.
5.1. Future Work

As GPT-4 and other Al dialect models proceed
to advance, there is a requirement to encourage
investigations to address the moral and specialized
challenges they pose [22]. One region of future
investigation is the improvement of more successful
methods for fine-tuning pre-trained models like GPT-4

[23]. Fine-tuning includes altering the weights and
inclinations of a pre-trained demonstration to fit a
particular assignment or space, and can significantly
progress the execution of the demonstration on that
assignment [24].Now, analysts have investigated
different strategies for fine-tuning GPT-3, such as few-
shot learning and meta-learning, but there is still much
to be exhausted in this region [1].
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ABSTRACT

The fast improvements in Autonomous Vehicle (AV) systems have shown the necessity for
effective image processing approaches to enable efficient decision-making. Current approaches
generally fail to offer a balance between processing speed and precision, restricting their usefulness in
AV scenarios. The work sets out to tackle these difficulties by applying advanced Al-driven
methodologies, EfficientNet and MobileNet, to optimize picture analysis for AV systems. This
research filled a breach by enhancing both the speed and accuracy of real-time image processing
systems. Also, it contributed to scientific studies in this sector. According to the KITTI Vision
Benchmark Suite and Berkeley DeepDrive datasets, the experimental quantitative research designs.
Proposed models were trained and tested using these datasets. TensorFlow and Keras frameworks
incorporated advanced convolutional neural network topologies with transfer learning algorithms. The
models were released loose under varied driving circumstances to see how flexible and resilient they
were. The statistical importance of performance parameters like accuracy, inference time, and F1-score
was evaluated. The results reveal that EfficientNet can obtain an accuracy of 94.2% and an inference
time of 18 ms/image, which is substantially better than the baseline. MobileNet was a plausible option,
exhibiting amazing accuracy while being computationally efficient. This improvement was statistically
significant, and qualitative assessments indicated that the models were powerful under bad conditions.
The research advances real-time imaging analysis in AVs, pointing to the need for architectural
adjustments and dataset diversity. As a result of this research, the field of Al-controlled image
processing will advance and lead to creative developments in AV systems and their applications.

1. INTRODUCTION

Autonomous  vehicle

the complexity and dynamic nature of real surroundings
provide substantial obstacles for existing image analysis

systems  contain

technology that has dramatically developed in the recent
few years with the aim of enhancing road safety,
efficiency, and reliability [1]. Image analysis, which
forms the backbone of these systems, is a crucial feature
that permits the vehicles to capture data from cameras
and different sensors and assess the surrounding
environments [2]. Image Analysis: Image analysis is
one of the most critical and vital tasks behind the
seamless operations of autonomous vehicles, as the
operations spanning from object identification to lane
holding and obstacle avoidance seem to be chaotic
without good image analysis works [3]. Nonetheless,

*Corresponding Author Institutional Email:
rawshan.nuree@Ifu.edu.krd (Rawshan Nuree Othman)

approaches, notably in reaching the speed and
accuracy necessary for real-time decision-making [4].
Artificial Intelligence (Al) has become a significant
enabling technology for image analysis, providing a
range of machine learning methods and methodologies
that can vastly improve the performance of autonomous
systems [5]. Especially, deep learning models have
shown outstanding performance in picture identification
and classification tasks, which in turn lead to faster and
smarter vehicle reflexes [6]. These artificial intelligence
(Al)-based solutions are benefitting from massive
datasets and complicated neural network designs and
have boosted the accuracy of picture interpretation and
the overall success rate of autonomous navigation [7].
However, there is still a crucial trade-off between

Rawshan Nuree Othman, Saadaldeen Rashid Ahmed, Accelerating Image Analysis Using Al-Driven Methods: Enhancing Speed and Accuracy
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processing speed and accuracy, as the computational
demands imposed by the more advanced Al algorithms
can limit the real-time performance required to drive an
autonomous vehicle [8]. It deals with the classic image
analysis problem of needing to handle picture analysis
with the proper speed and accuracy. Nevertheless,
finding this equilibrium seems to be a difficulty for the
existing approaches that encounter challenges in
pragmatic context moving into a cause of delayed
decision-making and even modification of safety [9].
These high processing demands might lead to increased
latency, which is disadvantageous in circumstances
where a split-second judgment is crucial [10].
Moreover, different environmental factors (lighting
conditions, weather, and so on) and other unpredicted
barriers make image recognition systems less precise
and more in need of better implementation of effective
Als [1]. Solving these difficulties can help develop
autonomous automobile technology. This research has
two main aims: to formulate Al-driven approaches that
speed up image analysis in autonomous vehicle systems
through innovative methodology implementation and to
improve the accuracy of image recognition processes by
achieving the maximum image stimulus performance
under various scenarios. In this regard, the present study
focuses on achieving all of the above-mentioned issues
to reduce the processing speed and boost the accuracy,
therefore benefiting everyone to help develop efficient
and reliable autonomous vehicle systems.

This paper describes some original advances in
the visual analysis of autonomous cars. First, it proposes
an Al-based approach to minimize the image processing
time with the highest accuracy. Achieved via optimizing
neural network topologies and efficient data processing
techniques. Second, the methodologies provided in the
research were investigated in detail, assessed
exhaustively and tried in real-life circumstances, so
establishing their effectiveness and practical utility.
This proof-of-concept evaluation is vital for establishing
the performance increases and also for ascertaining the
significance of the aforementioned methodologies
during real-world autonomous vehicle functions.
Finally, the comparative evaluation of the proposed
image analysis approaches with related methods
demonstrates that the created approaches are more
accurate and faster than existing methods [2].

Inscribed in the organization of this paper, the reader
will detect a well-organized series of phases in creating
an argument. After this introduction, Section 2
addresses the state-of-the-art literature on pertinent
problems, including existing image analysis approaches
for autonomous cars and the application of Al-based
technologies to complement image analysis methods.
The methodology applied in the design and execution of
the proposed Al-driven image analysis techniques,
including algorithm design and operational setup, is

detailed in Section 3. In Section 4 we provide the result
of the experiments meant to assess the novel
methodologies with respect to the speed and accuracy of
the improvement over recently reported results.
Implications and actual world applications will be
examined in section 5. Finally, Section 6 closes this
research, summarizing the important achievements and
proposing ideas for future work to further improve
image analysis in autonomous systems.

2. LITERATURE REVIEW

Image analysis forms the basis for autonomous
vehicle (AV) systems, which need to understand their
environment through visual perception employing a
variety of sensors and cameras [11]. Many image
analysis approaches have been presented since then to
improve the effectiveness of AVs and decrease the
challenges of object detection, lane recognition, and
obstacle avoidance [12]. Conventional computer vision
techniques, including edge detection, feature extraction,
and template matching, have contributed to the creation
of different sophisticated methodologies [13].
Nonetheless, the dynamic and unpredictable character of
the real-world driving environment significantly
increases the need for more advanced strategies that can
adapt to changing traffic situations and complexities
[14]. Recently, Al-driven approaches leveraging deep
learning and machine learning algorithms have
revolutionized the way images are processed in
autonomous system applications [15]. Driven by
remarkable performance in object detection and
classification tests [16], Convolutional Neural Networks
(CNNSs) have become the dominant technology adopted
for current image recognition [3]. Real-time object
recognition is crucial for AV applications, and
architectures such as YOLO (You Only Look Once) and
faster R-CNN have been frequently employed for this
job since they provide a trade-off between speed and
accuracy [17]. Moreover, semantic segmentation
approaches, such as U-Net and SegNet, enable AVs to
interpret difficult situations by identifying individual
pixels in a picture [18].
Apart from CNN, numerous Al and machine learning
techniques have been tried to improve image processing
in AVs. Various methods are being utilized, such as
Recurrent Neural Networks (RNNs) and Long Short-
Term Memory (LSTM) networks, which are used to
capture temporal relationships in video data, which aids
in object movement and behavior prediction [19].
Models based on transformers, which were initially
successful in natural language processing, are now
making headway for image analysis due to their
advantages over the CNNs, such as long-range
dependencies capturing and long-range interactions that
enhance the contextual modeling of the scenes [20]. At
the same time, generative model GANs have also been
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utilized to augment the data and increase the
performance of image recognition systems under varied
scenarios [21].

These Al-based systems are usually rated based on how
well they maximize the speed and accuracy for image
processing jobs. Optimized CNN architectures have
gained significant interest due to their possibility of
offering both real-time processing rates essential for AV
operations and high accuracy [22]. EfficientNet is one
such design that has been suggested as a method of
scaling a model in a resource-efficient fashion by
maximizing performance within a constraint on model
complexity, which makes it a possible contender for
deployment in computationally constrained contexts
such as AVs [23]. Likewise, efforts are made to
construct lightweight models like MobileNet and
ShuffleNet that generate less computing burden but do
not greatly sacrifice accuracy, making them more
feasible for real-time image [24].

However, balancing speed and precision is still a huge
difficulty. Models that are of high precision often
provide higher computational requirements and hence
longer processing time, which may not be acceptable for
real-time applications [25]. On the other hand, speed-
oriented models tend to lose accuracy; they can identify
and classify the item with some misalignment or
erroneous method, which may lead to hazardous
scenarios where AVs may breach some traffic
regulation [26]. In response to this trade-off, numerous
optimization strategies, including model pruning [23],
quantization [24, 25], and knowledge distillation [26],
have been investigated that can provide a little level of
modeling accuracy to minimize model size and
computational resource requirements [27]. These
methods have demonstrated benefits for increasing deep
learning models to give improved performance in
emerging conditions, specifically generating a more
flexible and compatible structure with genuine
requirements of AVs [28].

Additionally, the implementation of sensor fusion
techniques plays an essential role in boosting the
reliability of image processing along with the degrees of
reliability of AVs. AVs can, thus, get a more holistic
image of their environment, which overcomes the
constraints of employing individual sensors, by merging
data from various sensors like cameras, LIiDAR, and
radar [29]. To fuse diverse data streams acquired by
respective  sensors, multi-modal deep learning
algorithms have been proposed, as they improve the
performance of object detection and environmental
perception under different settings [30]. Such an
integrative approach optimizes the performance of the
image analysis as well as increases the robustness of the
AV systems to adverse circumstances, such as bad
weather or nighttime surroundings [31].

While the aforementioned research has substantially
advanced the area, numerous gaps may be observed in
the current literature on Al-powered image processing
for AVs. A significant gap is the small attempt at
optimizing algorithms with particular hardware
constraints of AV systems. While the majority of
studies focus on algorithmic accuracy, it is generally
performed with insufficient consideration to practical
deployments on real embedded systems given the
restrictions of processing resources available [32].
Moreover, an increased number of detailed assessments
are necessary for Al-based approaches to be intelligible
and consistent within broader and various driving
environment backgrounds [33]. The majority of
previous research uses benchmark datasets, which are
not broad enough to reflect the diversity and
randomness that a real-world environment holds, thus
restricting the applicability of the findings [34].

A final issue that |1 want to touch upon in this paper is
the absence of exploration into adaptive and dynamic
image processing algorithms, capable of adjusting to
changing situations in real time. Existing paradigms
assume a flat, static environment, which is not relevant
for autonomous vehicles as the scenes are continually
changing [35]. Adaptive behavioral model based on
contextual data: Adaptive algorithms that modify their
parameters according to contextual information are
crucial to improving the flexibility and robustness of
AV systems23. More explicit integration of XAl
approaches in image analysis systems is basically
untapped yet. Interpretability of Al models is very
critical for AV operation for debugging, trust building,
and safety [37, 36].

Lastly, there is a paucity of inquiry on the ethics and
legal implications of Al image analysis employed in
ADAS vehicles. It is vital that firms producing image
analysis systems remain inside and beyond ethical
norms, especially as AVs take over the road [38].
Various ethical challenges like data privacy, Al
algorithmic bias, and accountability for system
malfunctions need to be explored and handled
proactively [39]. Concerns must be addressed, however,
in order for AV technologies to be deployed in a
responsible manner and for the public to trust these
technologies [40].

whereas the introduction of Al technologies has brought
image analysis utilizing deep learning to greater heights
within the autonomous car business, numerous issues
surrounding balancing speed and accuracy, hardware
optimization, adaptability, and resolving ethical matters
remain. Overall, this literature review summarizes what
progress has been made and what remains to be done in
developing reliable and ethical image analysis
approaches for future autonomous vehicle systems and
motivates the continued generation of statistically
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sound, well-conducted, and effective vehicle image
processing methods. Filling these gaps will allow future
projects to produce more dependable and efficient AVs,
ultimately making AVs safer and more effective in the
real world.

3. METHODOLOGY

The study employs a multifaceted methodology to
develop and assess Al-driven solutions that could
enhance and expedite picture analysis AVs. The
techniques encompass research design, data collection
and preprocessing, model building and training,
implementation, and data analysis. All elements have
been organized in a manner that is cleData
Analysis.cible. Furthermore, the study outlines the
procedures for enhancing the speed and accuracy of AV
picture processing.

3.1.Research Design

The study employs an experimental, quantitative
research approach that systematically examines the
ability to utilize Al-driven image processing techniques
in AV systems. This design will enable you to evaluate
causality by comparing the performance of various
algorithms. The experimental method permits precise
measures of speed and accuracy improvements, which
are the core emphasis of the study. The design
comprises multiple components: data collection,
preprocessing, model architecture, training, and
evaluation. This strategy says that one activity must
come before another, and each one is dependent upon
the previous one (activity).

3.2.Data Acquisition and Preprocessing.

The work employs two extremely prominent and
freely available datasets that are well-known for
autonomous driving research: the KITTI Vision
Benchmark Suite and the Blind Deep Drive (BDD)
dataset. The KITTI dataset comprises over 7,000
labeled photos captured from urban environments,
highways, and rural areas. In comparison, the BDD
dataset offers more than 100k photos with rich
annotations for varied weather and lighting situations,
which are crucial components for training robust Al
models. Before training a model, the datasets are pre-
processed to ensure quality and consistency. This
preparation is something that includes scaling the

photos to 224x224 pixels to make everything uniform.
The pixel intensity values are normalized to the range of
0 and 1, which aids in faster convergence of neural
networks. Besides, we apply data augmentation methods
like rotating, resizing, and flipping photos to increase
differences in data. This permits the model to adapt to
diverse driving scenarios. Samples that would
contribute to corruption are cleansed. As well as any
other irrelevant data. The final preprocessed data set
comprises roughly 80,000 photos separated into
training, validation, and testing sets by 80:10:10.

TABLE 1. Summary of Data Sources and Preprocessing Steps

Dataset Number  of Preprocessing Steps
Images
KITTI 7,000 Resizing, normalization,
augmentation
Berkeley 100,000 Resizing, normalization,
DeepDrive augmentation
Total 107,000 Combined and split into

train/val/test

Table 1 offers an overview of data sources, the count of
images from each dataset, and the preparation processes
employed to prepare data for modeling.

3.3.Model Development and Training.

This research produces deep learning models that

achieve speed and accuracy for image processing
applications. Convolutional Neural Networks (CNNSs)
are the chosen architecture because of their noteworthy
performance in image recognition and classification.
Employing transfer learning, appropriate feature
extraction devices employing pretrained models
(Efficient Net and MobileNet) with smaller
computational resources are used. The preprocessed
datasets are utilized to fine-tune these models for
application to autonomous driving scenarios.
We conduct the training process using TensorFlow 2.0
and Keras. The Tesla V100 GPU is a powerful
processing device that enables data to execute hard jobs
in dealing with data. To avoid overfitting and to make
sure that the models operate effectively with new data,
dropout, batch normalization, and data augmentation are
used. Hyperparameters such as learning rate, batch size,
and number of epochs are tweaked using grid search to
identify the optimum combinations of model complexity
and performance.
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Figure 1. Model Training Process

4. IMPLEMENTATION

The models that have been constructed will be

deployed in a simulated autonomous vehicular
environment to study their real-time performance.
Python 3.8 is the main programming language utilized
when libraries and frameworks join together. The
programming language OpenCV is used for all the
picture pre-processing operations, which makes it easy
for our models to handle images.
The hardware setup comprises high-speed storage
solutions for the management of massive volumes of
image data and NVIDIA Tesla V100 GPUs to speed up
training and inference procedures. The inference
employs the rich tools for creating, training, and
deploying deep learning architectures offered in
TensorFlow and Keras. This robust implementation
architecture can manage and power effective streaming
of real-time data, which an autonomous vehicle must
necessarily need.

4.1.Data Collection

For this research, data collection is a vital component. It
comprises the preparation and collection of high-quality
photos essential for training robust Al models. The main
information sources are from the kit vision benchmark
suite and the BDD. The first one is extensively
annotated, while the second one covers a variety of
driving scenarios. The data-collecting method entails
downloading the datasets from their respective

repositories and checking that photos are intact and
properly tagged.

In order to overcome the problem of inconsistency in
image quality and environment, the datasets are merged
and standardized through preprocessing, such as
shrinking to a similar dimension, normalizing of pixels,
and augmentation to simulate diverse driving situations.
This rigorous data preparation guarantees that models
are confronted with a diversity of conditions, boosting
their capacity to generalize and function without
difficulties in real-world operations.

4.2.Data Analysis

In the analysis stage of the work, it executes
training of the image analysis models using Cl and
evaluates them according to their speed and accuracy.
The strategies and approaches adopted are as follows.
Algorithm Selection:

e  State-of-the-art CNN architectures such as
EfficientNet and MobileNet are utilized due to
their proven efficiency and accuracy in image
recognition tasks.

e Transformer-based models are incorporated to
enhance the contextual understanding of
complex scenes, leveraging their ability to
capture long-range dependencies.

Model Training:
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e The models are trained using TensorFlow and
Keras, with GPU acceleration facilitating
efficient handling of large-scale data and
complex model architectures.

e Optimization algorithms like Adam and
Stochastic Gradient Descent (SGD) with
momentum are employed to facilitate effective
convergence during training.

Evaluation Metrics:

e Precision and Recall: These metrics measure
the accuracy of object detection and
classification tasks, ensuring that the models
correctly identify relevant objects while
minimizing false positives and negatives.

e F1-Score: This balanced metric accounts for
both precision and recall, providing a
comprehensive  assessment  of  model
performance.

o Inference Time: This metric assesses the real-
time processing capabilities of the models by
measuring the time taken to analyze each
image, which is critical for autonomous vehicle
responsiveness.

Comparative Analysis:

e The performance of the proposed Al-driven
methods is compared against baseline models
to quantify improvements in speed and
accuracy.

e  Statistical tests, such as paired t-tests, are
conducted to determine the significance of
performance differences between models.

Visualization of Results:

e Training curves are generated to visualize the
convergence and performance of the models
over time.

e Confusion matrices and Receiver Operating
Characteristic (ROC) curves are created to
illustrate the accuracy and reliability of object
detection and classification tasks.

e Inference time is plotted against model
complexity to highlight the efficiency gains
achieved through optimization techniques.

The model complexity is shown against the inference
time to measure the efficiency increase owing to
optimizations.

Equation 1. Loss Function of Cross Entropy.

1 N [y
I — _E Z Z Ui lug(}r’i.r.—]
i—1 c—1

where N is the number of samples, C is the number of
classes, , yi,c is the binary indicator (0 or 1) if class
label c is the correct classification for observation iii,
and pi,c is the predicted probability of observation iii
being in class ccc (a three class problem).

The architecture of the CNN model employed in this
investigation is displayed in Figure 2, along with the
layer type and activation function used.

Inpul Layer

Global Average FPooling Layer

EfficientMNet Pre-trained Base

Dropout Layer (50%)

¥

Dense Layer (Output)

Dense Layer (512 Neurons)

Figure 2. The architecture of the CNN model employed in this investigation
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4.3 Rationale and Reproducibility.

The methodologies chosen were due to them being

the best ways available in the industry for Al image
analysis of autos. Strong datasets like KITTI and BDD
ensure that models are trained on a wide range of actual
driving circumstances. TensorFlow and Keras enhance
the design of complex deep learning models for image
identification. Hence, one can create powerful deep
learning models with picture recognition capabilities.
In order to recreate our results, we painstakingly record
our experimental protocols, data pretreatment steps,
model settings, and training and evaluation measures.
Researchers can wuse standardized datasets and
commonly available frameworks to replicate the
experiment and gauge results. Furthermore, the article’s
employment of a complete set of tables and figures
makes the study method and outcomes visible.

4.4 Ethical Considerations

This study follows the ethical norms connected to
Al research and self-driving vehicle development. Since
the research employs publicly available datasets, the
dataset suppliers automatically manage the issues of
informed consent and confidentiality. Nonetheless, all
data processing is handled in line with relevant data
protection regulations, which ensures that the datasets
are confidential and unmodified.
Also, the invention and implementation of Al-based
image analysis tools examine the ethical challenges of
biased conclusions and fairness. People ensure an
unbiased training of the algorithmic data in every way
imaginable. Thus, increasing the usability and
performance of the model in the real-world applications.
The researchers show that transparency of model
decision-making processes through explainable Al
(XAI) must be integrated to promote understanding and
trust in the autonomous systems.
The whole technique given in this section can serve as a
framework for creating and assessing Al-based image
analysis systems for autonomous cars. The study targets
the field of autonomous driving technology through the
deployment of advanced architectures and optimization
of model performance while maintaining the ethical and
methodological norms. Through precise procedure-
oriented descriptions, graphical representations, and
technical precision, the research may be reproduced and
credible, giving the potential for further improvements
in Al-driven picture processing for self-driving vehicles.

5. RESULT

The findings of this study show significant progress
in improving the efficiency of image analysis and
accuracy of AV (autonomous vehicle) systems using an

Al-based method. The study proves the efficiency of the
suggested models which were EfficientNet and
MobileNet for real-time image processing. The key
performance indicators in terms of accuracy, precision,
recall, F1l-score and inference time demonstrate the
superiority of these methods over baseline models. The
results support the aims of the project and have
implications for improving the images used in AV.

As shown in Table 1, the models performed overall well
on testing dataset. EfficientNet was the best performing
model with an accuracy of 94.2%, higher than
MobileNet (91.6%) and CNN (85.3%) Furthermore, the
inference time of EfficientNet was also very low at just
18 ms/image. In contrast, the inference time was 25
ms/im for MobileNet and 45 ms/im for the baseline
CNN. The results indicate that EfficientNet is suitable
for real-time deployment in AV systems (audio-visuals),
where speed and accuracy are equally important.

TABLE 2. Overall Performance Metrics

MODEL AC PRECIS RECA FI- INFERENC
CuU ION LL SCORE E TIME
RA (%) (%) (%) (Ms)
CYy
(%)
Baseline 85. 84.1 83.7 83.9 45
CNN 3
MobileNet 91. 904 89.8 90.1 25
6
EfficientNet 94. 93.7 93.1 93.4 18
2

The performance of the proposed methods was
additionally studied under a variety of driving
conditions, including urban, rural and adverse weather
conditions. In urban areas EfficientNet achieved 96.3
percent detection accuracy. The improvement was
distinct in detecting pedestrians and vehicles in crowded
settings. MobileNet generalizes well in rural settings,
achieving 92.1% accuracy and performing well in open
landscapes thanks to its lightweight architecture. Even
with specific weather conditions such as rain and fog,
EfficientNet performed robustly, achieving an accuracy
of 90.4%, thus outperforming benchmarks. The results
for specific scenarios are provided in TABLE 3.
TABLE 3. Performance Across Scenarios

SCENAR EFFICIENT MOBILENET BASELINE

10 NET ACCURACY CNN
ACCURACY (%) ACCURACY
(%) (%)

Urban 96.3 93.1 87.5

Rural 92.1 91.2 85.3

Adverse 90.4 86.7 80.4

Weather

The evaluation showed the performance improvement to
be statistically significant. A t-test paired in nature that
compares the EfficientNet’s F1 scores and the baseline
CNN’s F1 scores showed a p-value of less than 0.01.
Hence, the accuracy improvements are significant. Also,
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a one-way ANOVA test over all models on inference
times produced an statistic of 15.67 and a p < 0.001,
confirming the reliability of the observed reductions in
processing time. The elaboration of the results is
illustrated in TABLE 4 together with the results of
statistical tests and their real-time applications.

TABLE 4. Statistical Significance

Baseline CNN vs. <0.01
EfficientNet

<0.001

The various models perform differently when making
predictions in different driving conditions, as
highlighted in Figure 3. EfficientNet outperformed
MobileNet and the baseline CNN, which showcases

COMPARISON F1-SCORE INFERENCE TIME superior performance in complex object detection tasks.
B (P-VALUE) (P-VALUE) According to figure 4 inference time of EfficientNet is
Eﬂajgi;sﬁletCNN vs. <0.05 <0.01 very efficient as it processes image at 18 ms, which is
MobileNet Vs, <0.05 <001 essential for real time AV.
EfficientNet
Accuracy Comparison Across Models
80|
-"c-.- 60
&
oy
i
=
o
£ 40
20t
0 BESElirIIE CHNN MaokileMet EfficientMet
Models

Figure 3. EfficientNet outperformed MobileNet and the baseline CNN

The analysis also looked at modifications and
parameters of the models in the subgroups. EfficientNet
has shown incredible versatility on various datasets,
resulting in marked accuracy improvements whenever
hyperparameters were tuned. The model's capability of

convergence and generalization was further improved
by tuning the learning rates and the dropout rates, as
seen in Figure 4. MobileNet is not as accurate as other
network styles but is a better choice under low
resources.
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Scenario-Wise Accuracy of EfficientNet
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Figure 4. MobileNet is not as accurate as other network styles but is a better choice under low resources
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Figure 5. The analysis also looked at modifications and parameters of the models in the subgroups. EfficientNet has shown
incredible versatility on various datasets
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Figure 6. Different detection output for different scenarios.

Dropout rates had a bigger impact on inference times
than we expected, and so we may need to balance
regularization against real-time performance
requirements. Efficient Net can be used in various other
systems apart from AVs. It can easily adapt to other
environments.

To sum up, the results show that the proposed Al-driven
methods can significantly speed up and enhance the
accuracy of image analysis in AV systems. The
EfficientNet model proved to be the best one in terms of
its accuracy and low inference time. However, the
performance of MobileNet was decent enough, which
can be applied to low-end devices. The results are
illustrated in the figures and tables. Therefore, the
findings will assist in the future research article writing.

6. DISCUSSION

This research elaborates on the Al methods
used in autonomous vehicles through Deep Learning
techniques to address accuracy and speed challenges.
EfficientNet and MobileNet performances are evaluated
on various image datasets. EfficientNet scored better
than MobileNet and the baseline CNN on multiple
metrics with higher accuracy and lower inference times.
The findings reveal that architectural optimizations and

transfer learning are essential for improving real-time
image processing abilities of AVs. EfficientNet
performs significantly better in bad weather and
difficult city scenes. This suggests that it will generalize
well. The Mobile Net’s performance is slightly less
accurate but was highly efficient in resource-constrained
settings. The results indicate that the proposed models
are quite versatile and can practically be used for real-
life AV applications. With respect to earlier studies, the
precision and inference time of this work is
considerably improved. The 9% better accuracy and
40% faster inference time compared to state-of-the-art
models prove that the progress proposed in this work is
beneficial. These results are consistent with earlier
research on optimizing convolutional neural networks
for real-time purposes while also being more efficient
than anticipated. What makes EfficientNet be different
from other models is that it is robust under various
driving conditions.

Results from this study can have relevance beyond AV
systems and can offer important insights for other real-
time image processing applications involving Al-driven
methods. This work shows that it is possible to achieve
speed and accuracy and will push the frontiers of Al-
assisted image analysis forward.In addition, they show
the necessity of diversity in datasets and optimizations
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in architecture to develop robust models for complicated
real-world cases.

Even though the results are good, some limitations need
to be considered. Public datasets were the primary
source of the study. They were diverse, but probably not
real-world like. Also, the experiments were carried out
in simulated setups, which might not mirror the real-
time intricate working of AV systems. It is advised to
test these findings in actual AV operations further.
Moving forward, studies could examine how to combine
these algorithms with sensor-fusion to allow better
situational awareness. Exploring lighter structures to be
deployed on edge devices for a resource-scare
configuration could be useful as well. By incorporating
more datasets and live AV systems, we can test these
models even further and see their effectiveness.

"This study can be put to very good use.” The suggested
methods can be put right into AV systems with the goal
of improving real-time decision-making capabilities.
We can use these methods for surveillance and robotics
too, apart from AVs. We can use these methods
wherever image processing is critical.

The EfficientNet and MobileNet appear as great and
suitable solutions for the study to analyze images in AV
systems. The findings contribute to the improvement of
Al-driven approaches in image processing by
overcoming challenges related to speed and accuracy,
and lay the groundwork for future advances.

7. CONCLUSION

According to this research, using Al
methodologies can  significantly  increase  the
effectiveness and efficiency of AV systems using
images, especially MobileNet and EfficientNet. The
EfficientNet model gave the best accuracy with a low
inference time.Additionally, the MobileNet model is
efficient for limited resource situations. The study
underscores architectural optimization and transfer
learning in the real-time imaging process. These
improvements do not just help AV systems, they also
affect other fields that require efficient image analysis.
The research shows that speed and accuracy can be
achieved for image processing by using advanced neural
architectures in the field of computer science. Moreover,
the research shows that diversity in the dataset and
strong evaluation is important for making models
deployable. This study reveals how Al can help analyze
images for Autonomous Vehicles (AV-Systems). This
study sets the stage for innovations in real-time image
processing by tackling crucial problems, demonstrating
tangible progress. Future work should not depend on
publicly available datasets or simulated environment. If
you expand the evaluation to real-world tests, it will
strengthen the results.

Future studies must investigate sensor fusion
techniques, assess lightweight architectures for edge
devices, and perform a live study on actual AV systems.
Following these directions would help to develop the
findings further and enhance the practical application of
Al-driven techniques.
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Leishmaniasis is a protozoan parasitic disease caused by various strains of Leishmania spp.
Leishmaniasis is one of the most common zoonotic infectious diseases worldwide. It is considered one
of a major public health problem, with three diseases forms, cutaneous, mucocutaneous and visceral. It
is known by various names but in Iragq cutaneous form is known as Baghdad boil. This paper includes
the review of prevalence of Leishmania species in humans and dogs throughout Iragi governorates
and this dependes on lraqi researches that have been published in different International and local
journals .This study reportes wide variation in the infection rate of parasite due to many reasons such
as Propaganda of public health, spread of insects, uncontrolled roaming of stray dogs and the different

methods of diagnosis of parasite that lead to variation of prevalence rate in Iraq .

1. INTRODUCTION

Leishmaniasis is a serious infection that
occurs by intracellular protozoan parasites, returns to
the genus Leishmania, order Kinetoplastida, family
Trypanosomatidae, sand flies, female Phlebotominae of
the genus Lutzomyia in America (New World) on the
other hand in the Phlebotomus in the Asia, Africa and
Europe (Old World) that are transmitted the infection of
leishmaniasis [1]. The bite of an infected Phlebotomine
sandfly can spread the protozoan parasites of the genus
Leishmania, which cause a series of disorders known as
leishmaniasis [2]. Depending on the parasite type and
the host immune response, the illness can present as
cutaneous (CL), visceral (VL), mucocutaneous (MCL),
or postkala-azar dermal leishmaniasis (PKDL). In many
parts of Sudan, leishmaniasis is endemic. The most
prevalent kind is CL, whereas VL is mostly found in the
country's eastern, western, and southern regions. [3].

A tropical illness of significant public health
concern is cutaneous leishmaniasis [4]. The cycle of
transmission infection for this categories is too complex
because the various Leishmania species, present in
various kinds of mammals by the bite of Phlebotomies,
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human infected due to bitten by the insect female
sandflies as vector in seeking for blood meal [5].
Perhaps, as a result of risk factors such urbanization,
anthropogenic environmental changes, human behavior,
medication resistance, population expansion and
relocation, and new agricultural methods, the prevalence
of CL has grown and the illness has spread to new foci.
[6]. As more people travel to endemic regions
worldwide, imported cutaneous leishmaniasis (CL) has
become a bigger issue. Because doctors in non-endemic
areas are not aware of the disease, returned travelers
with CL are susceptible to incorrect diagnoses and
treatment, which might have negative consequences [7].
Cutaneous form is the more prevalence type of disease
caused by Leishmania species. Cutaneous leishmaniasis
has been diagnosed in more than 98 countries [8].
Cutaneous form in Iraq is considered one of the
endemic disease [9].

2. HISTORICAL BACKGROUND

In the Mesozoic era, leishmaniasis illness was
a member of the genus Leishmania and later expanded
geographically the first evidence of the illness early
times, initial accounts of the disease in the middle times,
investigation Leishmaina parasite as etiologic factor
leishmaniasis in new age [10]. The prevalence of
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leishmaniasis in ancient human history is only briefly
described. Tablets in the library of the Assyrian King
Ashurbanipal from the 7th century BCE describe lesions
that resemble Oriental sores; it is even believed that
these were taken from earlier texts that date back to
1500-2500 BCE [11]. In 42 Egyptian mummies of
middle tomb in West Thebes (2050-1650 BCE) that
have been studied by paleoparasitological that indicate
presence of the mitochondria DNA of Leishmania
parasite in four samples [12]. The amplified DNA
fragment for sequencing indicated that Leishmania
donovani in the four mummies samples and this
revealed that the ancient Egyptian were infected by
visceral leishmaniasis. The Ebers Papyrus, a
compilation of medical records from ancient Egypt that
date back to 1500 BCE, also makes reference to
leishmaniasis [13]. The visceral leishmaniasis pathogen,
which was initially identified by the doctors Leishman
and Donovan in 1903, was discovered in stained smears
from the spleen of infected patients who displayed
symptoms resembling those of malaria. They
subsequently named it Leishmania donovani [14]. Only
a small percentage of the 0.9 to 1.7 million newly
infected individuals per year are expected to acquire the
disease, and 20,000 to 30,000 of them will ultimately
pass away [15].

3. MORPHOLOGY
3.1. Amastigote

In the amastigote form, the parasite resides in
the cells of reticulo-endothelial system of vertebrates
such as spleen, liver, bone marrow and lymph nodes. Its
shape is oval, non-flattened and non-motile, measuring
1-3 um in width and 3-8 um in length. The flagellum is
being devoid and ineffective. The short flagellum does
not project out and it is embedded at the anterior end.
The cytoplasm contains mitochondria, vacuoles and
volutin granules. The kinetoplast consists of para basal
body and blepharoplasty, which are connected by one or
more fibrils [16-17].
3.2. The Promastigote

It is located inside the gastrointestinal tract of
the insect sand fly and in the culture media.
Promastigotes is an extracellular and motile form.
Considerably, thin elongate cells fusiform or lance-like
in shape and ranging from 1.5-3.5 um in width and 5-20
um in length containing a lengthy flagellum that
protruded from the front end. The kinetoplast and the
basal body are in front of the nucleus, which is at the
center [16-17].
4. VECTOR of LEISHMANIA SPP.

Beginning in the early 1900s, sand flies were
identified as the vectors of leishmaniasis
transmission.They found new species of sand flies and

Leishmania far into the twenty-first century [10].
Leishmania parasites, of which there are 98 species, can
be transmitted by the bite of an infected phlebotomine
sand fly. Lutzomyia and Phlebotomus have been
identified as proven or suspected vectors of human
leishmaniasis [18]. Only female sand flies bite animals
to collect blood meals needed to complete egg
development.Sand flies have a wide range of hosts,
including canids, rodents, marsupials, and hyraxes,
whereas others mainly feed on humans. Consequently,
the transmission patterns of human leishmaniasis can be
either anthroponotic or zoonotic [10]. The parasite
spread to Phlebotomus in the Old World (Asia, Africa,
and Europe) via female Phlebotominae sand flies of the
genus Lutzomyia in the New World (America)[1].

5. LIFE CYCLE

When a female sandfly becomes infected while
feeding on blood from an amastigote, whether it be an
animal or human host, the life cycle of Leishmania
begins. The amastigote develops in the vector's midgut
before changing into a promastigote stage, when it
multiplies via binary fission in the midgut and migrates
in the direction of the moth parts. Promastigotes will
bite the host while feeding on the blood since the
infection will go away a few days after ingestion. [19].
When sand fly containing Promastigote feeding on the
blood, is injected into an uninfected host, the organisms
lose the flagella.Amastigotes are formed and continued
multiplying until the cells of infected host get filled with
the organisms then rupture releasing free amastigotes
which invade new cells [20].
6. CLINICAL SYMPTOMS IN HUMAN

Although there are many distinct clinical
presentations of leishmaniasis, Visceral, mucosal, and
cutaneous are the three main types of the disease.
Lesions at the site of the sand fly bite often manifest as
a single, non-suppurative papule. However, many
lesions may appear [21]. Over the course of weeks to
months, the papules develop into painless ulcers with
piled-up borders. Over the course of months to years,
these ulcers may cure themselves., or they may leave
scars and deformities behind [22]. Outside the plaque or
ulcer, there may be nodular, sporotrichoid,
disseminated, psoriasiform, verrucous, zosteriform,
eczematous, erysipeloid, and small satellite lesions
(nodular lymphangitis), are among the many unusual
cutaneous symptoms [23]. Dermal signs may co-occur
with mucosal lesions, and the most deformative kind of
the illness, ML (also called espundia in Latin America),
creates deformities on the face, generally years after the
first cutaneous signs have gone away, Patients often
describe chronic nasal symptoms, including pain,
secretions, and epistaxis. Physical tests often show
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mucosal involvement of the mouth and nose, followed
by involvement of the oropharynx and larynx,
ulceration, bleeding, and inflammation. Unlike
cutaneous disease, nasal septal perforation is possible,
and the cartilaginous septum inside the anterior nares is
often impacted [22]. Visceral leishmaniasis, the most
deadly kind of leishmaniasis, can result in systemic
infections that impact the hematogenous, lymphatic,
liver, and spleen, severe illness symptoms, such as
fever, pancytopenia, hepatosplenomegaly, cachexia, and
hypergammaglobulinemia.  Patients  with  visceral
leishmaniasis frequently report subjective symptoms
such as exhaustion, stomach discomfort, and weight loss
[24].
7. CLINICAL SIGNS in DOGS

Most  symptomatology is caused by
granulomatous inflammatory responses caused by
macrophages infected with L. infantum, which are
present in parasitized tissues. The majority of dogs
exhibit cachexia, or poor bodily condition; they are
often underweight and prone to anorexia. Exfoliative
dermatitis, cutaneous lesions (nodular, ulcerative, and
pustular), and skin peeling are the main symptoms of
skin disease. Erythematous responses, pale mucosa, and
alopecia are also frequent. In the absence of parasites,
onychogryphosis, or nail overgrowth, is quite prevalent
and linked to lichenoid and interface mononuclear
dermatitis [25]. Because blepharitis, uveitis, and
conjunctivitis are so prevalent, ocular injury can also be
discovered. Dogs that exhibit symptoms frequently have
adenopathy, which is characterized by enlarged lymph
nodes as a result of nodal structural hypertrophy [26].
Because amastigotes cause macrophage infiltration and
alter the spleen's microstructure, they can cause spleen
enlargement or splenomegaly. Along with the skin and
bone marrow, the spleen is one of the organs most
frequently impacted by infection. The liver exhibits a
similar pattern, and in certain cases, the condition
develops into hepatitis. Due to its high parasite burden,
the spleen exhibits notable morphological alterations,
such as red pulp enlargement and hyperplasia as well as
mononuclear and plasma cell infiltration. Because of the
spleen’'s enlargement and hyperplasia, the white pulp
exhibits lymphocyte replacement of macrophages [27-
28]. In the majority of infected dogs, renal involvement
manifests as glomerulonephritis, which is linked to
immune complex deposition and can lead to kidney
failure. Proteinuria and elevated blood creatinine levels
are only signs of kidney damage in its latter stages,
albeit can occur at the onset of the illness [29].
8. PREVALENCE in HUMAN IRAQ

Depended on database collect from many
reports, Iraq is endemic by Cutaneous leishmaniasis
and visceral leishmaniasis in human and dogs[30-31] .

The first occurrence of leishmaniasis in Iraq was
reported in Baghdad and Mosul cities [32]. The
disease's popular name, "Baghdad boil," indicates that it
has a lengthy history in the area [33]. In human the
prevalence of disease varies through Iraqgi provenances;
the state represented 53% and 62% of the total cases in
Baghdad reported respectively [34-35]. Another study
in Baghdad indicated that the prevalence rate in male
was 55.6 [36]. The study about Visceral Leishmaniasis
in Baghdad was reported rate of infection 26.78% [37].
Al-Akash et al have confirmed in their study that the 49
patients (29 male and 20 female) in 5 refugee’s camps
show cutaneous lesions (CL) in Mosul city in Iraq [38].
Rashid etal., recorded 451 case among total of 2749
person from Ninewa governorate [39]. In Hawija area
the rate of infection was 58% [40]. The prevalence rate
in Erbil provenance was 66% [41]. Human Cutaneous
Leishmaniasis has been identified in Diyala and the
infection rate was 51.2% [42]. In Al-Ramadi the
prevalence of infection rate was 59/100,000 [43]. The
occurrence of humans cutaneous leishmaniasis in Irag,
middle Euphrates was 35% has been reported by (9)
[44]. In Karbala city, one hundred patients cases of the
cutaneous leishmaniasis are detected (92). Another
study about visceral leishmaniasis was conducted in
Karbala Governorate with a percentage of 8.24% [45].
The spread of cutaneous form of Leishmaniasis in
Najaf governorate was detected 40% [46]. In Babil
provenance the cutaneous leishmaniasis were diagnosed
in males and the rate was (73.5%)while in female the
rate was (26.4%) [47]. A further study was conducted in
Babil governorate that found that the variation in
infection rate between male and female were 57.89% |,
42.11% respectively [48]. In Thi-Qar Province, South
of Irag, the prevalence of infection was 81.25% [49]. L.
infantum that caused visceral leishmaniasis In central
and south Irag, the epidemiology of visceral
leishmaniasis in Thi-Qar province was (55.35%) in
males and (44.64%) in females [50]. In Wasit
provenance the infection rate was 76.1% by cultivation
on RPMI 1640 medium [51]. A study involved visceral
leishmaniasis in Al-Kut Citywhere the infection rate
was prevaled 8.25% [31]. The infection rate in Misan
city was high in Al-Amarah district 93.807% patients
were diagnosed [52]. According to the prevalence study
in Al-Muthanna governorate, the highest infection rate
of cutaneous leishmaniasis was recorded in 2016
(33.4%) [53]. The prevalence of cutaneous
leishmaniasis in Basrah province south Iraq are
regarded (34.28%) in females wheal (65.71%) in males
[54]. The high level of infection with visceral
leishmaniasis reported in Basrah, Southern lIrag was
(84.9%) recorded by [55]. The low level of disease
incidence recoded in Kirkuk governorate 15
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cases/10000 [56]. lraq is considered endemic by
Visceral Leishmaniasis and the infection rate was 81%
[57]. Finally, the infections rate of leishmaniasis that
were reported in all Iragi governorates during the period
from2011-2013, was a 44.6% [58].

9. PREVALENCE in HUMA and DOGS IRAQ.

The primary host of Leishmania species, a
parasite that causes canine leishmaniasis, an incurable
disease, is dogs. In subtropical and tropical regions, the
parasite is spread by sand fly bites, but there is also
direct transmission among dogs and between dogs who
are pregnant and they are offspring [59]. In the Middle
Euphrates, dogs in lIraq are identified as the primary
source of zoonotic parasites that cause leishmaniasis in
humans [9]. In Spite of well care, German shepherd
police dog was reported with cutaneous leishmaniasis
in Diyala governorate [60]. The prevalence of
Leishmaniasis in dogs in Misan governorate were
(63.295%) males and (36.704%) females [52]. Middle
Euphrates, Irag: an investigation of the prevalence of
cutaneous leishmaniasis in dogs recorded 88.33% [9].
The higher occurrence of leishmaniasis in dogs were
observed in I-Qadisiyah and they were 90% [61]. Other
research was conducted in Al -Qadisiyah, (Diwaniya
city)and it was reported (46.8%) [62]. In Nineveh
province the results showed that the total infection rate
Leishmaniasis in dogs was 55%, [63]. Also another
study was conducted in Nineveh governorate (Mosul
city) found that infection rate was (23.9%) [64 ]. The
lack to control the movement of stray dogs and
Leishmaniasis's global escalation and geographic
expansion are still associated with the vector
population's spread (9).

10. CONCLUSION

In conclusion, this study investigates that
Leishmaniasis is endemic in Iraq for many reasons such
as the close relationship between Leishmaniasis in
humans and dogs, whether dogs are domestic or stray.
This paper detects that dogs play a substantial role in the
zoonaotic transfer of infections to humans and are key
parasite reservoirs.. The high infection rate in the
middle and south of Iraq belongs to presence worm
wither, humidity and marshes. All these factors lead to
improve the environment for increasing the population
of intermediate host, sand fly.
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