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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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This study describes flow-injection spectrophotometric methods for the determination of Ni
(I1) Nickel in analytical sample by a new reagent MTDTCH.
An accurate and sensitive flow injection (FI) Spectrophotometric methods have been developed for the
determination of ion Nickel (Il) in aqueous solution by preparing the new organic -Schiff base- reagent
was prepared by reaction 3-methylthiophene-2-carbaldehyde with hydrazinecarbothiohydrazide. This
reagent was worked as a ligand by reacting with the Nickel (II) ion to form a Nickel complex and

MTMTCH determination trace amounts of it. The absorbance of the reaction was measured in the injection system
which gave the wavelength of 357nm. With a limit of detection of 0.050 ug.mL™ and a limit of
quantitation of 0. 169 pug.mL™* Relative standard deviation 0.495 and Recovery is 99.50, the metal
concentration obeys Beer's law within the range0.5-9.mL* with a correlation coefficient value of
0.9997 . The complex composition was specific to the UV-visible spectra. the molar ratio of the metal

to the reagent was (1:2).

1. INTRODUCTION
MTMTCH(N"-[(3-methylthiophen-2-yl) methyl-
idene] thiocarbonohydrazide) is a Schiff bases are
compounds containing an azomethine group, (-CH=N),
can be formed by a condensation reaction of carbonyl
compounds, (Aldehyde or ketone) with a primary amine
in which the carbonyl group is replaced by a group (C =
N-R)[1] ,[2] To measure Ni(ll) and other materials Such
as: alloys [3], water [4] and soil [5] techniques have
been devised [6]. They consist of the following: indirect
flameless atomic absorption spectrophotometry [7].
Flow injection technique [8] Schiff's base creation,
spectrophotometric [9]and colorimetric [10]In the field
of pharmacological analysis, the flow injection
technique has gained popularity [11]. Such
methyldopa[11]. The present study describes new FIA-
spectrophotometric methods [12]. To determination of
Ni(ll) via reaction with (MTMTCH) forming yellow
colored product that has absorption at Amax at 357 nm
[2]. Definitions state that the flow-injection technique is
a flow-through technology that applies particular
thermodynamic conditions to the model region in a
current stream. According to (Ruzicka and Hansen), the

*Corresponding Author Institutional Email:
e03153471@s.uokerbala.edu.iqg (Sahar Hashim Khudhair)

technique entails injecting a liquid into a suitable liquid
stream that is continuously separated as the injected
sample moves toward a detector that continuously
records absorptivity or any other physical variable that
results from the sample material passing through the
transient flow cell. The injected sample forms the
moving region of the model.

2. APPARATUS

Shimadzu 120 UV-VIS spectrophotometer
equipped with a Cecil 10 uL flow cell was used. A
Shimadzu 1650 PC UV-VIS double beam
spectrophotometer was used for Amax determination.
The carrier fluid was transported using a peristaltic
pump (Gilsason minipuls (2)) fitted with flexible
polyvinyl chloride tubes with an internal diameter of 0.8
mm.Using a tow-channel manifold (Figure 1), the FIA-
spectrophotometer was used to determine Ni(ll). using
FIA spectrophotometer. The Rheodyne -USA injection
valve was utilized to administer standard solutions and
samples at the proper injection volumes. The
(MTMTCH) solution was transported via the Manifold's
Channel A. While the alkaline oxalate solution stream
was being transported via injection of ion Ni (Il) via
channel B, buffer solution (pH=6), which acted as an
oxidizing agent, The reaction coil R.C as used to
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combine the product with a stream of buffer solution.
The final product was mixed with the stream of alkaline
oxalate at point (y), following the the mixing of coil RC.

NiCl2.2H,0

Buffer solution infection

Reagent

Figure 1. Manifold Used to Measure Ni (I1) Using FIA
Spectrophotometric Analysis

3. EXPERMINTAL
3.1 Materials

The B.D.H., Fluka, and Merck firms provided
all of the high-purity solvents and chemical reagents
utilized in this investigation; no further purification
procedures were required.

3.1.1 Synthesis of the Ligand

Firstly, 1.06 g of thiocarbohydrazide
(0.02mmoles) was dissolved in 58 mL of 95% EtOH
and 20 mL of H20. Next, 1.26g of 3-methylthiophene-
2-carbaldehyde (0.01mmoles) was added, and last, three
drops of 6N HCI were added. After three hours of
stirring at 80 °C, the reaction mixture was allowed to
crystallize at room temperature for twenty-four hours
After filtering and a 1:1 EtOH/H20 wash, the solid was
produced. and recrystallized from EtOH 95% to give
N"-[(3-methylthiophen-2-yl)methylidene] thiocarbono-
hydrazide in the form of a slightly ochre solid in
72.52% yield (0.7 1 g) [13] Scheme 1, and measure the
degree of its fusion is.(233-235) °C, and Table 1 shows
the chemical composition of ligand and some physical
properties.

§
0 "

\ N
N

N\ M, ! }\IH: drops of 6NHCI
N IRENAN R
S NH '

hie BT
ne-2-

yiiop

N"“[(3-methylthiophen-2-yl)methylidene]thiocarbonohydrazide

Scheme 1: Describes the steps for preparing the ligand
(MTMTCH)

TABLE 1. The Physical Properties and Molecular Formulas
of The Prepared Ligands

Color Proportion M.P MWg/ MF Name
of product _ (C%) mol

Yellow 72.52% 233- 214.12 C:S, N"[(3m
235 N4H10 ethylthl
ophen2
yl)meth
ylidene]
thiocarb
oenohy
drazid

3.1.2 Preparation of Buffer Solutions and Ni (II)
Nickel

The buffer solutions were prepared by
dissolving 0.778 g of ammonium acetate at a
concentration of 0.01M in 1000 mL of distilled water in
a one-liter capacity tank.

This solution was used to create a number of
solutions with a variety of acidic functions, ranging
from (pH =3-10). by incorporating concentrated acetic
acid or ammonia solution into the ammonium acetate
that has been made[14]. and the Nickel (II) di Nickel
compound (0.00134 g) was dissolved in distilled water
to create the solution, and the volume was then
increased to 100 mL using the same solvent. By
gradually diluting this standard solution with distilled
water, other standard solutions were created.

4. PRODUCT DESCRIPTION

UV-VIS was used to characterize the synthesized
reagent and complex products that were recovered from
the process, and FT-IR and ;HNMR spectra were
obtained for the novel reagent.

5.METHODS
5.1 Procedure for the FIA Method

A 100.00ul sample is injected into a stream of
1x10“* M MTMTCH reagent solution at a rate of 0.60
ml/min. The stream is allowed to combine with another
stream of (pH=6) solution in a 50 cm reaction coil.
Next, a valve was injected with salt (NiCl..2H;0).
Mixture is passed while sustaining the reaction, and
absorbance is gauged at 375.nm [15].

6. RESULTS AND DISCUSSION
6.1. Study of Ultra Violet - Visble Spectra

A spectroscopic of the Nickel complex was
carried out in the 190-1100nm range and in the
ultraviolet-visible portion of the spectrum. At a
concentration of 1x10°M, the electronic absorption
spectra of the novel reagent and complex were
examined in an absolute ethanol solution. Within the
reagent spectrum, the electronic spectrum of the reagent
showed three bands at (A=280) nm, (A=354) nm and



First year 2024 ,Volume 1, Issue 3 PSIJK 11-16

(A=213) nm. In complex spectrum, the Ni(ll) complex,
showed three absorption bands at (A=375) nm, (A=276)
nm, (A=290) nm, (A=250) nm, as show in Figure 2, 3.

0.200 | \ N

0.000 - — L
190.00 400.00 600.00 800.00

Figure 2. Absorption Spectrum of Ligand (MTMTCH)

!
1000.00  1100)

0000 i — ; i i
190.00 400.00 600.00 800.00 100000 1100
nm

Figure 3. Absorption Spectrum of Nickel Complex (I1) with
Ligand MTMTCH

6.2. Study FT-IR Spectra for Reagent

The FT-IR spectrum of the prepared new reagent
shows a peak belonging to (NH) at 3271 cm?, a peak at
1593 cm* belonging to (C=N), and the (C=C) peak at
1647 cm™. (NHj)at 3151,and( C=s)1200-1100 cm?, a
peak at700 cm belonging to (C-S), as show in Figure 4.

[E sHIMADZU

yyyyyy AR IR R R R R s o e RANRRESEE SRR R
4000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 600 400

Figure 4. FT-IR Spectrum of Reagent

6.3. Proton NMR Spectrum for Reagent

From the signals appearing in the spectrum H-
NMR, the singlet signal at (6=6.97 ppm,2H) refers to
the proton of the NH» group, , the singlet signal at
(6=8.47 ppm,1H) refers to the proton of the (CH=N)
group, the singlet signal at (6=11.27 ppm,1H) refers to
the proton of the NH group, , the signal at (2.32
ppm,3H) refers to the proton of the CHjs, the signal at
3.39 ppm indicates the presence of moisture H,O and
the signal at 2.5 ppm indicates the solvent DMSO, as
show in Figure 5.

4000000
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2500000

2000000

1500000

1000000

500000

60 50 40 30 200 10 | oo
1 (ppm)

Figure 5. 'H-NMR Spectrum for Reagent.

6.4. Study of the Variables of the Flow Injection
System for the Determination of the Nickel (II)
Ion.

The following system conditions have been
investigated in relation to the effect of changing the
reaction coil length range (25-125)cm: and the system
conditions are: NiCl,.2H,O concentration is 1 x 105 M
and the concentration of MTMTCH reagent is 1 x 10°
4M, Figure 6 show the results obtained.. The regulator
buffer solution is 6, the cell size is 10 pL loaded in the
standard model loading link, the first and second carrier
currents flow at 2.1 ml min-1, and the impact of
changing total flow-rate within the range of (0.4-2.8)
ml/min was investigated. concentration of NiCl..2H20
(1 x 10°) M, while the reagent has a concentration of( 1
x 10 M. buffer solution has an (pH=6) and a cell size
of 10 pL. model link, the maximum wavelength for Ni
is 375 nm, and the flow velocities of the first and second
load currents are 2.1 ml.min-1. Figure 7 shows the
results obtained. A loop has been used in a pump with
steel metal of various lengths and sizes (50 ml to 250
ml), as demonstrated by the results in Figure 8. The loop
passes the current carrier detector and the buffer
solution, which has a pH equivalent of (6) at a fixed
concentration of 1 * 10, and absorbs readings for each
length using a 10 ML spectrometer [16]
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Figure 6. Effect of Reaction Coil Length.
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Figure 7. Effect of Total Flow-Rate.
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Figure 8. Effect of Loop Volume Injected.

By creating a calibration curve, the concentrations
of the nickel complex that follow the Beer-Lambert law
were found. Due to their departure from the Beer-
Lambert law and the emergence of absorption peaks
outside the measurement limits, many concentrations
were eliminated. Consequently, (0.5-9) pg/mL are the
concentrations that follow the Beer-Lambert law. Figure
(9) shows the calibration curve for cobalt complex.

y =0.059x+ 0.0212
R?=0.9997

Cppm

Figure 9. Calibration Curve for Ni (I1) Complex

JEGi = x)?

D=
S TED
(5.D)
R.S.D% = ——=x 100
x")
L.0.Q =10 5-D
0.0 = Slope
L.0.D =3 5-D
T T T Slop

7. CONCLUSION

A spectrophotometer detector was employed in
tandem with an accurate and sensitive F1A system
during its design, construction, and operation. Flow-
injection spectrophotometric methods were created for
the determination of ion Ni(ll) in a new simple reagent.
This proposed approach can be carried out without the
requirement for additional stages such as solvent
extraction or pH control and other conditions.
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Heavy metals are a popular threat to the environment because of their toxic effects, tendency
to linger in the Earth's atmosphere, as well as capacity to bioaccumulate within the body of an individual.
Heavy metal poisoning of ecosystems that are both terrestrial and aquatic is a serious environmental
issue that has an impact on human health. The bulk of metallic elements are found in nature, despite the

Keywords: fact that humans produce some of them. Two of the most distinctive features of heavy metals are their
Heavy metals, Environmental health, Toxicity, atomic mass and the danger they pose to living organisms. Furthermore, despite differences in
Nanotechnological approaches, Nanomedicin technology, research on innovative medical diagnostics is still being conducted. The rapidly developing

field of nanotechnology is enabling significant advancements in the investigation of mineral material
regeneration from complex matrices. Numerous carbon nanomaterials have been employed for the
removal of metal, including magnetic nanoparticles, metal oxide nanoparticles, nanotubes, graphene and
its derivatives, and nanotubes. Applying nanotechnology to the removal and analysis of heavy metals
from food and water sources has many benefits over traditional methods. Among these benefits are high
sensitivity, excellent selectivity, minimum limits on detection and measurement, and a wide linear range.
Therefore, the goal of the review was to investigate how heavy metals affect the ecosystem, the harm
they cause to human health, and the potential for using natural resources to create novel medications.
This review also emphasises the application of nanotechnology and non-medical applications to the
problem of heavy metal toxicity.

1. INTRODUCTION

The surrounding environment in which
people, animals, plants, or microbes live is referred to
as the "environment." It is made up of the land, seas,
and atmosphere of Earth. The four domains that
comprise the Earth system are the lithosphere (earth),
hydrosphere (water), atmosphere (air), and biosphere
(organisms), and they are all interdependent.
Pollutants and contaminants found in the
environment are chemicals which are more frequent
there than elsewhere. [1].

Metallic elements with densities higher than water's
are referred to as heavy metals [2]. Metalloids like
arsenic that show toxicity even at low exposure levels
are categorised as heavy metals, assuming a
correlation between toxicity and heaviness [3]. In
recent years, environmental poisoning caused by
toxic metals has grown in importance as a global
environmental and public health concern. Moreover,
human exposure has increased dramatically [4] due to
the exponential growth of its numerous industrial,
agricultural, domestic, and technical applications.

*Corresponding Author Institutional Email:
Jihan.hameed@uokerbala.edu.ig (Jihan Hameed Abdulameer)

The presence of heavy metals in the environment is
widely acknowledged to originate from various
sources, including geological, industrial,
pharmaceutical, agricultural, residential, and
atmospheric processes. Businesses having point
sources, such as foundries, smelters, and mining,
among other metal-based industrial activity
operations, are  primarily  responsible  for
environmental pollution [5]. Although heavy metals
belong to naturally occurring substances found in the
crust of the Earth, people activity—such as metal
extraction, the smelting industrial production, and use
of metals and metal-containing compounds in
residential and agricultural settings is the main source
of environmental pollution and human exposure to
Heavy metals. Environmental contamination can also
be caused by corrosion of metallic materials, air
pollution, soil erosion, heavy metal leaching,
sedimentation resuspension, and the evaporation of
metals from water resources into soil and
groundwater [6]. Additionally, it has been observed
that two instances of natural occurrences that
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significantly contribute to heavy metal contamination
are weathering and volcanic eruptions [7]. Examples
of industrial sources include paper mills, plastics,
textiles, microelectronics, wood preservation, nuclear
power plants, burning coal in power plants, refining
metal in refineries, and high tension lines [8].

1.1. Sources of pollution with heavy metals

These metallic substances have naturally
been in the Earth's crust since the dawn of time. The
remarkable rise in the use of toxic metals will soon
lead to an increase in metallic compounds in both
terrestrial and aquatic environments [9]. The primary
contributor to pollution, human activity, is the reason
behind the increase in heavy metal contamination.
This is largely because of the foundry, smelting,
mining, and other metal-based industries. It is also
caused by the leaching of metals from a range of
sources, such as water runoff, landfills, rubbish
dumps, secretions, and livestock and poultry manure
[10]. The usage of heavy metals in fertilisers,
herbicides, and other agricultural goods has been the
secondary reason of heavy metal contamination in
agriculture. Furthermore, a rise in heavy metal
pollution can result from a number of natural
processes, including geological weathering, sediment
re-suspension, soil erosion, evaporated metals from
soil and water, and eruptions of volcanoes [11].

1.2. Heavy metals' impact on human health

Even though human nature needs some
heavy metals, over exposure to them can have
negative unexpected effects on several bodily
systems and general health. Among the 35 metals of
concern due to exposure at home or work, 33 are
heavy metals, including antimony, arsenic, bismuth,
cadmium, cerium, chromium, cobalt, copper,
gallium, gold, iron, lead, manganese, mercury, nickel,
platinum, silver, tellurium, thallium, tin, uranium,
vanadium, and zinc. These heavy metals are
frequently found in food and the environment. In little
amounts, they are essential for maintaining health,
but in larger quantities, they may be toxic or
dangerous [12]. High levels of dangerous heavy
metals can damage key organs like the kidney, liver,
brain, lungs, and blood components in addition to
causing energy depletion. Long-term Expose may
cause degenerative processes to progress that mimic
multiple sclerosis, Parkinson's disease, Alzheimer's
disease, and muscular dystrophy in the neurological
system, musculoskeletal system, and body. Long-
term exposure to some metals and their compounds
on a regular basis have even been connected to cancer
[13]. Some heavy metals have toxicity levels that are
somewhat greater than the ambient levels seen in the
natural world. Therefore, in order to be able to take

the necessary measures against excessive exposure to
heavy metals, having a thorough awareness of them
is essential [14].

Neurotoxicity

Nervous System
® Neurotransmitter Inhibition

« Damage to Neurons

eic Acid
+ DNA damage
+  DNA Repair Mechanism

ry molecules

Carcinogenesis Cell Cellular Function Loss

Figure 1. Heavy Metal Source Pathway and Human
Exposure

1. Carcinogenicity

Histone modifications, DNA methylation, altered p53
protein  expression, epigenetic changes, and
decreased p21 expression are all brought on by
arsenic. Arsenic raises the risk of cancer because it
binds to proteins that bind to DNA and slows down
the process of DNA repair [15].

2. Hepatotoxicity

The liver and the renal cortex are the two human
target tissues for cadmium. It builds up in the liver
after an acute exposure and is linked to certain hepatic
dysfunctions. Hepatocellular injury and oxidative
stress are the outcomes of cadmium's alteration of the
cellular redox equilibrium. Acute and chronic liver
failure are possible outcomes of cadmium-induced
hepatotoxicity, which increases the risk of cancer
[16]. Numerous studies have connected Cr (VI) to
liver injury, and histological changes such as
hepatocyte steatosis, parenchymatous degeneration,
and necrosis have already been reported. Reduced
antioxidant enzyme activity, DNA damage, and
mitochondrial dysfunction—including apoptosis,
halted cell growth, and decreased bioenergetic
activity—are associated with elevated levels of the
production of reactive oxygen species (ROS), lipid
peroxidation, inhibitions of RNA, DNA, and protein
synthesis. Cr(VI) for mitochondria as well. injury to
the liver [17].

3. Neurotoxicity
Manganese is a necessary element that the body needs
for several physiological processes. Acute exposure
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to it reduces apoptotic cell death, which may have a
neuroprotective effect. However, prolonged exposure
can cause adverse diseases such as neurological
conditions such as Alzheimer's and Parkinson's,
which affect homeostasis and cause apoptotic cell
death. The cellular Mn's homeostasis depends on
adequate intake, storage, and excretion through
several cell receptors and ion channels [18].

4. Immunological toxicity

Both short- and long-term exposure to lead can
impact the immune system negatively and result in a
variety of immunological reactions, including an
increase in allergies, infectious illnesses, cancer, and
autoimmune disorders. In some population groups,
lead exposure has been connected to an increased risk
of stomach, lung, and bladder cancer. Exposure to
lead raises MHC activation , B and T cell production.
It might alter T-cell function and make people more
vulnerable to developing autoimmunity and
hypersensitivity, which could have an impact on
humoral and cellular responses [19].

5. Cardiovascular toxicity

Numerous issues can arise in the body as a result of
acute or chronic lead exposure. By altering the renin-
angiotensin ~ system,  reducing  vasodilation
prostaglandins,  raising  constrictors  vessels
prostaglandins, reducing NO the availability, and
interfering with vascular smooth muscle cells
Chronic lead exposure may result in artery disease
and high blood pressure, blood clots atherosclerosis,
and heart illness by altering the vascular response to
vasoactive agonists, triggering inflammation and
endothelium-dependent vasorelaxation, and affecting
Ca (Il) signaling [20]. Prolonged exposure also
causes an increase in arterial pressure. Cadmium is a
toxic and carcinogenic element. Besides tumors,
cadmium also causes problems with the kidneys,
bone harm, and heart disease [21].

6. Skin toxicity

Prolonged arsenic exposure increases the risk of
developing several significant skin conditions, such
as excessive pigmentation, hyperkeratosis, and
multiple kinds of cancers of the skin. The
pigmentation is one of the most prevalent skin
conditions caused by prolonged exposure to arsenic.
An early form of skin cancer known as Bowen's
disease may result from exposure to arsenic [22]. The
soles and palms of the hands are typically affected by
arsenic hyperkeratosis, while the dorsum, fingers,
arms, legs, and toes of the hands may also be affected.
Some lesions associated with Bowen's illness &
hyperkeratotic illnesses may develop into invasive
malignancies [23].

7. Genotoxicity

Genetic factors have been identified as the primary
reason of the significant interindividual variation in

sensitivity to arsenic poisoning that has been shown
by numerous investigations. The chromosome
anomalies mutations, creation of micronuclei,
deletion, and sister chromatid exchange are examples
of deoxyribonucleic acid modification brought on by
the arsenic DNA damage [24].

1.3. Natural resource-based treatment
alternatives

1. Treatment for neurotoxicity

To assess the effectiveness of various therapeutic
techniques and neuroprotective drugs in mitigating
Mn-induced neurotoxicity, a multitude of studies
have been conducted, Taking Mn-related toxicity
causes and pharmacokinetic into consideration [25].
Anti-inflammation drugs, synthetic and naturally
occurring antioxidants, glutamine protection, and
ATP/ADP ratio protectors have all been tested to
reduce Mn-induced neurotoxicity. Moreover, the
effectiveness of a number of therapeutic approaches,
including levodopa, para-aminosalicylic acid [PAS],
and [EDTA] called ethylene-diamine-tetra acetic
acid, as well as the underlying processes of these
approaches, have been demonstrated. [PPEES] called
the polyphenolic extract Euphorbia suppina of a
Korean prostrate spurge had been shown to
dramatically reduce Mn-induced neurotoxicity by
antioxidants  through  regulating endoplasmic
reticulum (ER) shock and ER shock-mediated death .
Lipid peroxidation results in the production of
malondialdehyde (MDA) and ROS, both of which
were dramatically decreased. Simultaneously, the
antioxidant activity of catalase (CAT), GSH and
SOD. PPEES was also observed in vivo to ameliorate
Mn-induced histological changes in the cerebral
cortex and striatum [26].

2. Treatment for Nephrotoxicity

When oral cadmium poisoning occurs over an
extended period of time, the kidneys are severely
harmed. Curcumin pretreatment has improved the
histologic alterations brought on by CD. Urine
excretion from the Kidney Damage Molecules (KIM-
1) was greatly decreased. The use of osteopontin
(OPN), netrin-1, lipocaline-associated neutrophil
gelatinase  (NGAL),  tissue  inhibitor  of
metalloproteinase 1 (TIMP-1), and curcumin lowers
the risk of nephrotoxicity caused by Cd exposure
considerably [27]. Lipids oxidation, kidney injury
molecules-1 (KIM-1), metallothionein, interleukin-
1b, tumour necrosis factor-i, nitric oxide, and the
apoptosis regulators Bax and caspases-3 were
significantly elevated in the tissues of the kidneys of
mice given royal jelly therapy. Glutathione levels,
antioxidant enzyme activity, and the apoptotic
inhibitor Bcl-2 were also shown to differ
significantly. Histopathological investigations reveal
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vacuolation and blocked glomeruli in the renal tissue
of the animal treated with royal jelly [28].
Additionally, protocatechuic acid treatment improved
the cadmium-induced toxicity by lowering the total
protein level.

3. Treatment for Carcinogenicity

DMA and sodium arsenite aggravate long-term
bladder exposure, per a recent study. Carcinogenesis
is associated with both survival and the
metallopeptidase 9 matrix (MMP-9) activity. The
detection of mediated bladder cancer may be aided by
these indicators. The amount of oxidative damage
that reduces the risk of cancer is reduced. For blood
cancer brought on by systemic arsenic exposure,
miIADMSA might be helpful. The tissue-arsenic
content, ROS, TBARS level, catalases, SOD activity,
and GSH level all were significantly higher [29], and
these factors can elevate the eighth OHdG while
treated with DMA and sodium arsenite. Pro-
oncogenic indicators including MMP-9 and serum,
bladder tissue, NBT-1I, and T-24 cells may have
improved as a result of these developments. Increased
cell migration and clonogenic potential in arsenic-
exposed NBT-II and T-24 cells are signs of
significant carcinogens. Following therapy with
MiIADMSA, there was a notable improvement in
these biomarkers [30]. According to a different study,
levels of lipid peroxidation and lead-mediated hepatic
and renal damage products were much lower before
receiving treatment with Rosmarinus officinalis
extract.

4. Treatment for Immunological toxicity

The naturally occurring substance pterostilbene (PT)
is primarily present in blueberries. Research has
demonstrated that PT is a potent anti-inflammatory
and anti-oxidant substance. Mice's ear skin became
inflamed when epidermal Cr(VI) was administered,
according to a live study. The epidermal layer
included cytokines that promoted inflammation, such
as TNF-a and IL-1, which could mean that the
condition deteriorated while receiving Cr(VI) therapy
[32]. In the meantime, results from an additional in
vitro study demonstrated that treating HaCaT cells
with different concentrations of Cr(VI) raised
Humans keratinocyte cell endoplasmic reticulum
(ER) stresses and cell death. Furthermore, HaCaT cell
death and inflammation were decreased by in vitro PT
therapy. Moreover, new research has raised the
possibility of a link between the inflammasome
NLRP3 and Cr (VI)-mediated apoptotic and
inflammatory in allergy dermatitis to contact (ADC).
Furthermore, nuclear factor (Nrf2) attenuated
autoimmunological problems generated by erythroid-
derived 2 (Nrf2) [33].

5. Treatment for Cardiovascular toxicity

Cadmium and mercury are extremely dangerous
substances that can seriously harm an animal's or
human's heart. In a study looking at the preventive
benefits of vitamin C in rabbits contrary to these
elements, positive findings regarding heart damage
were discovered [34]. In a different investigation.
injecting 300 mg/kg of C aurantium peel extract
dramatically reduced the histologic and biochemical
changes found in the rat heart after it was exposed to
K2Cr,07. Their results suggest that the antioxidant
properties of C. Extraction of aurantium skins may be
able to prevent cardiac damage brought on by
K2Cr,O7 [35]. According to a recent study,
sulforaphane (SFN) reduced the effects of K,Cr,O7-
induced oxidative stress, haematological alterations,
structural disorder, cardiomyocyte apoptosis, and
cardiac malfunction.

6. Treatment for Toxic The skin

To determine whether peel extract from Solanum
melongena could be used to treat Bowen's disease
caused by arsenic poisoning, research was done.
From the two areas where arsenic is endemic, eight
individuals with Bowen's disease caused by arsenic
were chosen. Each patient was given instructions to
apply an ointment comprising peel extract twice daily
to the lesion location for a period of twelve weeks. A
discernible improvement was observed in the
Bowen's disease lesion [36].

7. Treatment for Genotoxicity

A well-known genotoxicant, arsenic causes harm to
cells by triggering an excess of reactive oxygen
species (ROS), antioxidant enzyme systems, and
activating oxidatively sensitive signalling pathways.
Epigallocatechin  gallate (EGCG), the main
polyphenolic catechin in tea made from green tea, has
demonstrated strong in vitro genoprotective,
antioxidants, and free radical scavenging properties
[37]. The purpose of the study was to ascertain
whether EGCG protects against oxidative stress are
caused by arsenic in mice and is useful as an
antioxidant and genoprotector. The animals were
given oral EGCG at therapeutic and preventative
dosages of 25 and 50 mg/kg b.wt for a duration of 15
days. Subsequently, they were administered
intraperitoneally with 1.5 mg/kg b.wt. (1/10th of
LD50) of lead for a ten-day period. reduced hepato-
renal antioxidant levels (about 46%) and elevated
genome fragmented in hepato-renal tissues;
increasing chromosomal mutations (79%) and
micronucleation (22%) in the bone marrow cells; and
comet tailing (26%) in mouse lymphocytes after lead
toxicity [37].
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Figure 2. Diagrammatic Description of How Naturally
Occurring Bioactive Compounds Alleviate Heavy Metal
Toxicity.

1.4. Strategies involving nanotechnology and
nanomedicine to address heavy metal toxicity

The investigation and eliminating of toxic
substances from food and water through the use of
nanotechnology is becoming more popular.
Numerous nanomaterials, such as metal oxide
nanoparticles, magnetic nanoparticles (MNPs),
graphene and its derivatives, and carbon nanotubes
(CNTs), have been used to remove heavy metals.
There are multiple advantages to adopting
nanotechnology for heavy metal analysis and removal
from food and water sources rather to more traditional
methods. Among the advantages include a large
linear range, minimal detection and quantification
restrictions, high sensitivity, and excellent selectivity.
Nanotechnology-based approaches must be used in
the field in a transparent safe way [38]. The next
sections will examine the use of carbon nanotubes
(CNTSs), graphene, its oxides, and derivatives for the
removal of heavy metals, as well as metal oxide
nanoparticles (MNPS).

1.5. The metallic oxide nanoparticles
Metal oxide nanoparticles, Because of their
unique physical and chemical features, have been
utilised to remove harmful heavy metal ions from
polluted water. Natural biopolymers and biological
wastes can be converted into magnetic nano
adsorbents thanks to recent advancements in green
chemical technology. These approaches were
developed because of their high availability,
biodegradable properties low prices, and significant

affinity for metals encapsulation. [39].
CuO that has undergone various structural
modifications during its nanoscale production has
exhibited favorable Adsorption characteristics for

As(I11), As(V), Pb(ll), and Cr(VI). In this work, cold
finger assisted magnetron sputtering was used to
generate CuO nanoparticles having a uniform particle
size distribution and a large specific surface area. It
was discovered that the production of CuO
nanoparticles had a major impact on the adsorption of
heavy metal ions. Increasing the surface area and
adsorption site of CuO will increase the material's
adsorption capacity. The nanoscale modification of
CuO structure results in an increase in metal ion
active sites, which aids in the elimination of ions of
heavy metals from the environmental [40]

The creation of SiO, mesoporous nanoparticles using
organic surfactants is a novel approach to tackling
environmental challenges caused by the Cr (111
ions. Sunflower oil and n-dodecyl amine were
utilized as templating agents in a one-pot co-
condensation of 2-cyanoethyltriethoxysilane and
tetraethoxysilane at 1:4 and 1.9 ratios, respectively,
to generate organo-silica mesoporous materials
containing cyano functional groups. The cyano group
acted as an adsorption site, and the carboxyl surface
functional group was formed by hydrolyzing the
carboxyl surface functional group. The effectiveness
of the removal of the Cr (111) ion can vary between 48
and 83% depending on the function of the groups of
the adsorbents utilized and the silicone to silica ratio
of the mixture. The substance generated is a powerful
adsorbent, according to the results [41].

1. Magnetic nanoparticles

Magnetic Fe3O4 nanoparticles with surface coatings
are frequently employed to: (1) enhance target
selectivity; and (2) inhibit oxidation and aggregation.
For instance, a core—shell structure made up of a
polythiophene shell, a SiO; shell, and a FezO4 core
has been seen. Hg(l1) ions can be swiftly enriched and
separated using it in a range of matrices. Another
example [42], is FesO4 hybridised with polyaniline
and MnO2 (FesO4/PANI/MnQy). It may be made in
an environmentally and economically acceptable way
and has a high capacity for the adsorption of heavy
metal ions, such as Pb(I1), Zn(1l), Cd(ll), and Cu(ll)
[43]. A high concentration of amine and imine
functional groups in the amino-conjugated polymer
poly-(m-phenylenediamine)  (PmPD) leads to
improved adsorption, chelation, and redox activity.
The organisational structure and functionalities of
PANI and PmPD are conforming.Accordingly,
mixing MnO; and PmPD could work. Heavy metal
impurities may be eliminated from the
MnO,/Fe304/PmPD  core-shell hybrid via ion
exchange, electrostatic attraction, and coordination
interaction because of its high adsorption capacity
and intrinsic paramagnetic characteristic [44].

2. Carbon nanotubes
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(Nanotubes) As a possible remediation technique for
heavy metal-contaminated water, carbon nanotubes
are gaining popularity due to their superior
physicochemical qualities. Carbon nanomaterials,
such as carbon nanotubes, graphene, fullerenes,
graphene oxide, and activated carbon, have enormous
potential for removing heavy metals from water
because of their large surface area, nanoscale size,
and availability of a variety of functionalities.
Furthermore, it is easier to recycle and modify them
chemically. [45]

3. Graphene and its composition

Graphene oxides (GO) have an immense theoretically
specific surface area of 2630 m2/g and a complicated
layered structure containing a range of hydrophilic
polar groups, such as hydroxyl (-OH) groups, epoxy
resins, and carboxyl (-COOH) groups. These traits
suggest that GO could be able to eliminate organic
pollutants and heavy metal ions from their
environment [46]. However, because graphene has a
small particle size, extracting it from an aqueous
solution using the conventional centrifugal filtration
method presents challenges [47]. Consequently,
graphene-based magnetic adsorbents have found
applications in the environmental cleanup industry
because they separate readily in the presence of a
magnetic field.

3. CONCLUSIONS AND RECOMMENDATIONS
FOR THE FUTURE

The majority of heavy metals exist naturally
in the environment. Human activity causes the
discharge of certain harmful heavy metals into the
environment. The human body is exposed to heavy
metals through either the environment (where the
metal is naturally present) or exogenous sources.
Variations in the paths of intake are possible. It is vital
to understand how heavy metals enter the body, how
hazardous they are, and how often they cause
mortality rates. After conducting a comprehensive
analysis, we conclude that the most common way to
do this is by oral ingestion of heavy metals. Excessive
amounts can cause serious injury to all organs of the
body and can present as neurological disorders,
respiratory ailments, carcinogenicity, G| obstruction,
osteoporosis, etc [48]. Many treatments based on
natural products and nanotechnology have been
developed to counteract the toxicity. From a social
perspective, it is also critical to consider certain
preventive measures. Moving afflicted persons away
from the exposure location is the first step in
minimizing the damaging effects of heavy metals. It
is also essential to confirm that less heavy metals are
used in industrial operations. When hazardous heavy
metals are used frequently, chemical products
shouldn't be used [49]. Either way, by increasing their

10.

11.

12.

self-awareness, everyone could lessen their addiction
to heavy metal. Long-term low-dose exposure to
diverse elements poses a considerable danger to
public health in many metal-polluted places,
particularly when metal pollution is hang out.
Understanding the fundamental concepts behind
heavy metal interactions is crucial for evaluating and
minimizing health dangers associated with chemical
combinations. Therefore, more research is needed to
fully comprehend the molecular process and
implications for public health that arise from
exposure to combinations of hazardous metals in
humans [50].
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ABSTRACT

The current research aims to prepare the agueous extract and nanocomposite of sage leaves
using green synthesis method, and to identify the silver nanoparticles using FTIR and SEM analysis. The
antibiotic ciprofloxacin was loaded on the nanocomposite and the inhibitory activity on the studied
bacterial isolates G-ve Klebsiella pneumoniae and Pseudomonas aeruginosa was studied. The study
groups were divided into two replicates and five groups with three concentrations. The first group was
treated with the antibiotic ciprofloxacin, the second group was treated with the aqueous extract of sage,
and the nanocomposite was applied to the third group. The extract loaded with the antibiotic was used to
treat the fourth group, and the nanocomposite loaded with the antibiotic was used to treat the fifth group.
The color change from yellow to dark brown is evidence of the formation of nanoparticles, and the wave
shift in the nanocomposite loaded with the antibiotic towards the frequency 2156.93 cm”(-1) is evidence
of the success of the antibiotic loading process on the nanocomposite. The resulting compounds were
characterized using scanning electron microscopy, and its results showed that the extract particles were in
the form of irregular aggregates with the presence of some small particles with a spherical shape and an
average particle size of 85.49 nm, while the nanocomposite was cubic in shape and an average particle
size of 35.42 nm. The inhibition zones were evident in the fourth treatment T4, the aqueous extract
loaded with the antibiotic, and the fifth treatment T5, the nanocomposite loaded with the antibiotic. Silver
nanoparticles showed the highest synergistic efficiency with the antibiotic ciprofloxacin against the
multidrug-resistant. bacteria strain K.pneumoniae, recording a rate of 14.33+1.41, while against
P.auroginosa bacteria, a rate of 13.44+88 was recorded.

1. INTRODUCTION

The increasing numbers of antibiotic-

antibiotic resistance, resulting in a declining range of
treatments available for these organisms [3].

resistant microorganisms pose a threat to human
health, especially among poor populations and in
hospitals and intensive care units. This is due to the
misuse of antibiotics, poor hygiene in society, unsafe
food, inadequate infection control in medical
facilities, accumulation of antibiotics in the
environment and their use in the food and animal
industries [1]. Bacteria rapidly develop new
resistance systems that enable them to withstand the
effects of antibiotics, through mutations that occur in
some bacterial cells that make them resistant to the
effects of antibiotics, and then this advantage is
passed on to the next generation, which is generation
with complete resistance to the antibiotic [2].
Pseudomonas aeruginosa, Klebsiella pneumoniae,
Escherichia coli, and Acinetobacter baumannii have all
been recognized as pathogens with mostly high rates of
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To confront the problem of bacterial resistance to
multiple drugs, scientists have invented nano-delivery
systems that have demonstrated high efficiency in
overcoming many anatomical and functional barriers to
delivering the drug to the target site. Thus, they have
been able to produce highly effective drugs with few
side effects [4]. Green nanotechnology is a field that
focuses on making products that are environmentally
friendly, safer for all living organisms, less expensive
and more stable than other manufacturing methods such
as bacteria, fungi, yeasts and viruses or using different
plant parts such as leaves, stems, fruits, peels, etc. The
“green synthesis” of nanoparticles has attracted a lot of
attention to the use of metal oxides, such as silver
oxides (Ag-NOs), because of their optical, chemical,
electrical and optical properties [5]. It has been found
that nanomaterials face the problem of increasing
resistance to bacteria because of their unique properties
whose dimensions fall within the nanoscale of (1-100)
including increased solubility. Biocompatibility, ease of
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production, and stability. The nanoparticles' tiny size
relative to the area of their surface is one of the most
important  characteristics that distinguishes these
materials [6]. Many studies have proven that plants are
considered a safe source for the pharmaceutical industry
and a preventive source for many diseases, due to the
medical effectiveness of plant compounds that contain
antioxidant and antimicrobial properties [7]. Among the
medicinal plants is the sage plant. It is part of the
Lamiaceae family, which is often known as the
“salvation plant”, derived from the Latin word
“salvarem”. It means ‘“preservation or treatment An
evergreen perennial shrub, one of about 900 species of
the genus Salvia, native to the Mediterranean and
Middle East, Salvia grows as a subshrub up to 60 cm
tall, with opposite and simple leaves, with white hairs
on the lower surface of the leaf and a gray-green color
on the upper surface of the leaf.”.. Stems are erect with
an abundance of dark green hairy branches. Leaves are
elongated and petiolate with a serrated edge and a
serrated surface, sometimes with basal lobes. The
flowers are 2 to 4 mm long from their petioles. It is in
the form of false upper flowers with 5 to 10 blue-violet
colored, colorful flowers that form compound false
spines. It blooms from March to July, depending on the
habitat and climatic conditions [8]. It has been used for
a variety of purposes, including reducing perspiration,
treating sore throats (used as a gargle), regulating
menstrual cycles, fighting infections, improving lipid
status and liver function, improving appetite and
digestion, and enhancing mental ability [9]. Thus, the
goal of the present investigation was to prepare the
aqueous extract and nanocomposite of the Salvia
officinalis plant using the green synthesis method

2. MATERIALS AND METHODS
2.1. Isolation and Diagnosis of Bacteria

One hundred samples of both sexes, with ages
ranging from (1 day to 70) years, were collected from
Burn and wound patients and children in hospital. The
number of burn isolates was 35 isolates, surgical
isolates were 52 isolates, and children were 13 isolates.
The isolates were transferred in swab form and placed
in a sterile carrier medium. From hospitals in the Holy
Governorate of Karbala, Al-Hussein General Hospital
and Children's Teaching Hospital, all isolates were
grown on MacConkey agar and Blood agar medium and
incubated for 24 hours at 37 °C and the bacteria were
diagnosed using the VITEK-2 Compact System device.

2.2. Preparation of the Aqueous Extract and
Nanocomposite of Salvia Officinalis

Fifteen gram of dried salvia powder was
weighed and 300 ml of boiled distilled water was added.
After 30 minutes, it was left at room temperature. It was

filtered using pieces of gauze and subsequently filtered
twice utilizing filter papers (Whatman No. 1). The
filtrate was then placed in a centrifuge and dried. 45°C
was the temperature at which the filtrate was placed in
an oven to obtain a dry extract in powder form. The
powder was placed in a sealed, opaque tube and stored
until it is used. Green Ag-NPs were manufactured by
bio absorption of Ag+ in a clean solution of Salvia
officinalis extract. By taking 1 mM of silver nitrate, the
plant extract (1.5 gm of ready-made dry plant extract
into 100 ml of non-ionic distilled water) was dropped
onto the alkaline AgNOs3 solution with a ratio of (80%
silver nitrate solution: 20% plant extract) and was done.
Mixing for 30 minutes at 45-55 °C. Then the mixture is
monitored for 3 hours. Then, it is observed that the
color of the mixture changes from yellow to dark
brown and this indicates the formation of Ag-NPs [10].

2.3. Diagnosis of Nanoparticles

FTIR analysis is used to determine the active
groups responsible for reducing AgNO; to AgNPs, in
addition to being responsible for the stability and
coverage of the Ag NPs. SEM is employed to find out
the shape and the nanoparticles’ size and that all the
prepared compounds are within the nanoscale limits
[11].

2.4. Antibacterial Effectiveness

The minimum inhibitory concentration (MIC)
was estimated utilizing the well diffusion method [12]
for the antibiotic Ciprofloxacin, the aqueous extract of
the free sage plant loaded with the antibiotic, and the
nanocomposite before and after loading the antibiotic.
The MIC for K. pneumonia bacteria, and P. aeruginosa
is equal to 4 pg/ml of the VITEK and the MIC for
extract 8 pg/ml and nanocomposite 8 pg/ml [13]. The
extract is loaded with the antibody (2+4) pg/ml, and the
nanocomposite is loaded with the antibody (2+4) pg/ml.
The bacterial suspension was added to dishes containing
Muller Hinton agar solid medium and was spread well
on the surface of the dish using a diffuser. Figure - L
sterile swab. Then, wells were made on the surface of
the agar with equal dimensions for five groups. The first
group was treated with the antibiotic ciprofloxacin, The
Salvia officinalis plant's aqueous extract was used to
treat the second group, The nanocomposite was applied
to the third group, The antibiotic-loaded aqueous extract
was given to the fourth group, and The Salvia officinalis
plant's aqueous extract was given to the fifth group. It
was treated with the nanocomposite loaded with the
antibiotic, at three concentrations greater than the MIC,
and at a concentration of MIC and less than the MIC, in
a volume of 50 microlitres, using a micropipette. The
concentrations were placed on the dishes containing the
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bacterial culture, after which the plates were kept in the
incubator for a full day at 37 °C.

3. RESULTS AND DISCUSSION

3. 1. Isolation and Diagnosis of Bacteria

The VITEK2 device was used to diagnose the
identity of the bacterial isolates and the results were as
shown in Figure 1.

klebsiella pneumonia 24%, pseudomonas
aeuroginosa 21%, staphylococcus aureus 7%, E. coli

13% coagulase negative  staphylococcus 8%,
Enterobacter aerogenes 5%, Staphylococcus
Haemolyticus 4%, shigella 4%, Acinetobacter

baumannii complex 4%, Enterococcus Avium %,
Enterococcus Enterobacter 4% cloacae complex 1%,
Serratia 1%, Enterococcus gallinarum 2%.

Figure 1. The percentages of bacterial isolates

3.2. Preparation of the Aqueous Extract and
Nanocomposite of Salvia Officinalis

The change in the color of the reaction mixture
resulting from (settling the aqueous extract of Salvia
leaves at a rate of 20% on a solution of silver nitrate at a
rate of 80%), after three hours from yellow to dark
brown as in Figure 2 and 3, which represents the
formation of silver nanoparticles, because of the
reduction of Ag+ metal ions into particles. Nano silver
Ag via active molecules display in S. officinalis extract
such as violin compounds and organic acids [14].

|

A B 2

Figure 2. Color change of the aqueous extract of Salvia
officinalis from yellow to dark brown (A) solution of the
aqueous extract of the Salvia plant. (B) solution of silver
nitrate AgNOs. (C) Aqueous extract of the plant Salvia
officinalis after reacting with a 1 mM AgNOs solution after
three hours.

3. 3. Diagnosis of Nanoparticles

The results of FTIR analysis, as shown in
Figures 3 and 4, showed different extensions of the
beams with various wave numbers. For the drug
ciprofloxacin at a frequency of 3270.25 cm™!, it was
evidence of the stretching of the O-H bonds of hydroxyl
groups present in alcohols and phenols. On the other
hand, we notice a shift in examining the nanocomposite
loaded with the drug at the frequency of 3276.57 cm™1,
and the drug shows an absorption peak at the frequency
of 2153.22 cm™? indicating an expansion of the C = C
bond, the infrared spectrum of the nanocomposite
loaded with the drug is between a shift towards the
frequency. 2156.93 cm™? stretching of the C = C bond,
and the peak at 1636.05 cm™! results from the
expansion of the C = C Alkene bond. In examining the
nanocomposite loaded with the drug, it was noted that
the peak remained at the same frequencies at 1636.36
cm~!. SEM This technique is employed to ascertain
nanoparticles’ Shape and size. The examination results
of the nanocomposite of salvia showed homogeneity,
good distribution, and a dominance of the cubic shape,
as the average sizes of the particles ranged between
(100.5-270.8) nm, mean size (35.42) nm as in Figure 5,
while the SEM examination results of the aqueous
extract of the salvia plant were Irregular shapes with
clusters and the presence of some small particles that
have a spherical shape. The particle sizes ranged
between (44.66-72.57) nm, mean size (85.49) nm. The
most prominent results from earlier research confirm
that hexagonal or rod-like nanoparticles are less
effective than spherical nanoparticles and that the
surface area and size of AgNPs primarily determine
their biological activity as seen in Figure 6. The surface
area of smaller nanoparticles is greater than the larger
ones [15].
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Figure 3. FT-IR Spectrum of Ciprofloxacin (CIP)
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Figure 4. FT-IR Spectrum The Nanocomposite Loaded with
the Drug Ciprofloxacin (CIP)
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Figure 6. Scanning Electron Microscope Image of the
Aqueous Extract of The Salvia Plant
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3. 4. Estimation of Inhibitory Effectiveness

The culture medium for the K.pneumonia
bacteria was exposed to the first treatment, T1, with the
antibiotic CIP at a concentration of (8, 4, 2) ug/ml.
Thus, the average diameters of inhibition were (.35 +
.83), no clear areas of inhibition of the antibiotic
appeared at all concentrations because the K.pneumonia
bacteria are resistant to the antibiotic CIP. The results
are statistically significant: no significant difference
exists (p>0.05), and that the K.pneumonia bacteria were
treated with the second treatment, T2, the aqueous
extract of the Salvia Sao plant at a concentration of
(16.8.4) pg/ ml¢ . The average diameters of inhibition

were(.22 + .86). Analysing the results statistically
indicated that there was no significant difference
(p>0.05).

The biological activities and antimicrobial
effect provided by S. officinalis are Because of the
existence of many biologically active compounds in this
plant, and the most significant are camphor (23.5 %), o-
thujone (34.7 %), 1, 8-cineole (11.5 %). %), carvacrol
(7.4 %) [16], phenols and flavonoids, and these
compounds have the ability to eliminate free radicals. It
has been proven that the extract of the S officinalis plant
is an antioxidant and antibacterial due to its richness in
flavonoids [17], and the treatment of bacteria with the
third treatment T3 nanocomposite Sao/NPs at a
concentration of (16, 8, 4) pg/ml, so the average
diameters of inhibition were (.28+.83).Statistically, the
results displayed that no significant difference exists
(p>0.05).

Silver nanoparticles have several key
mechanisms against microorganisms. When AgNPs
contact the surface of bacteria that is negatively
charged, they will change the chemical and structural
characteristics of the cell wall and cell membranes and
disrupt crucial roles including permeability, electron
transfer, respiration, and osmosis [18]. The particles Ag
NPs penetrate bacterial cell and bind to proteins, DNA
and other cell elements that contain phosphorus and
sulfur causing more bacterial cells damage [19], and Ag
NPs release silver ions that generate a huge biocidal
effect [20].

As for exposure to the fourth treatment, the
aqueous extract of the Sao plant is loaded with the
antibiotic CIP at a concentration (4+8, 2+4, 1+2) ug/ml,
the average diameters of inhibition were (3.50 £ 14.44),
the results showed statistically significant differences
(p>0.05), and the fifth treatment the nanocomposite was
loaded with the antibiotic SaoNPs/CIP at a
concentration (4, 1+24+8, 2) ug/ml, the average
damping diameters were (1.41 + 14.33). The statistical
results indicate the presence of a significant difference
(p>0.05).

It is noted from Table 1 that there are
differences between the treatments used, and the
strongest treatment in terms of areas of inhibition that
was T5, followed in strength by the treatment T4. As for
within the treatments and the significance of the
differences between the different concentrations of each
treatment. The statistical analysis did not show any
significant differences between the concentrations used
for each treatment.

The culture medium for the T1 bacteria P.
auroginosa was exposed to the first treatment with the
antibiotic CIP at a concentration of (8, 4, 2) pug/ml, the
average diameters of inhibition were (.49 + .64), as no
clear areas of inhibition for the antibiotic appeared at all
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concentrations because the P. auroginosa bacteria are
resistant to the antibiotic CIP . The results are
statistically significant. We notice no significant
difference (p >0.05) exist , and that treating the P.
auroginosa bacteria with the second treatment T2, the
Salvia Sao plant aqueous extract with (16, 8, 4) pg/ml
concentration, average diameters of inhibition (.18 +
.89) and analysing the results statistically indicated that
no significant difference exists (p>0.05) The bacteria
were treated with the third treatment, T3, the
nanocomposite Sao/NPs at a concentration of (16, 8, 4)
pg/ml. modified The diameters of inhibition were (.43 +
.69). Statistically, the results presented no significant
differences (p>0.05) exist.

If the culture medium for the P.auroginosa
bacteria was exposed to the fourth treatment T4, the
aqueous extract of the Sao plant loaded with the
antibiotic at a concentration of (4+8, 2+4, 1+2) ug/ml,
the average diameters of inhibition were (1.92 + 12.78),
the results were statistically clear, there were no
significant differences (p>0.05), but at the fifth
treatment T5 nanocomposite loaded with the antibiotic
SaoNPs/CIP. Based on the statistical analysis, no
significant differences were found (p>0.05).

The areas of inhibition appeared clearly in the
treatments T4 and T5, the aqueous extract of the S
officinalis plant loaded with the antibiotic, and the
nanocomposite loaded with the antibiotic. The two
treatments produced a synergistic effect against resistant
pathogens. This is because when AgNPs bind to
antibiotics, their stability, functions, and selectivity
become stronger, and their transfer of the drug is
specific.  Significantly [21], silver nanoparticles
conjugated with antibiotics showed greater inhibitory
activity than when they acted alone, and the results
showed that silver nanoparticles conjugated with
antibiotics such as chloramphenicol, tetracycline,
gentamicin, and ciprofloxacin targeted multiresistant
bacteria such as K. pneumoniae. Several studies
reported that nanocomposites that co-act with antibiotics
have greater antibiotic activity compared to
nanoparticles in their free form [22].

Gram-negative bacteria exhibit wider zones of
inhibition when compared to gram-positive bacteria.
The reason behind this is the variation in the
constitution of the cell walls. Gram-positive bacteria's
cell wall is made up of a thick layer of peptidoglycan,
which possesses chains of linear polysaccharides that
are linked to short peptides, thus creating a stiffer
structure. A thin layer of peptidoglycan coats the cell
wall of Gram-negative bacteria, preventing the strong
penetration of silver nanoparticles [23]. Interestingly,
When combined with ciprofloxacin, biotinylated silver
nanoparticles had the greatest synergistic efficacy
against the strain of bacteria that was resistant to

multiple drugs K.pneumonia, where it was recorded.
The ratio was 14.33t£1.41, while for P.auroginosa
bacteria, recording a synergistic ratio of .13.44+.88.
This indicates that P.aeruginosa bacteria is less
sensitive to the antibiotic ciprofloxacin.

Figure 7 shows the inhibitory effect on K.
Pneumonia bacteria and on p. Auroginosa bacteria.

Table 1 shows the minimum inhibitory
concentration (MIC) of the antibiotic ciprofloxacin, the
free salvia extract, the free nanocomposite, the extract
loaded with the antibiotic, and the nanocomposite
loaded with the antibiotic on K.Pneumonia bacteria.

Table 2 shows the minimum inhibitory
concentration (MIC) of the antibiotic ciprofloxacin, the
free salvia extract, the antibiotic-loaded extract and the
free nanocomposite, and the nanocomposite loaded with
the antibiotic on p.auroginosa bacteria.
TABLE 1. The Inhibitory Effct on K. Pnaumonia Bacteria

Treatments pg/ml Concentration S.D + Mean LSD
8C1 .00 +1.00
T 4C2 .58 + .67 N
2C3 .29 +83 ’
Total
16 C1 .29 + .83
8C2 .29 + .83
T2 4C3 14+ .92 n:s
Total
16 C1 14 +.92
T 8C2 43 +.75 ns
4C3 .29 + .83 ’
Total
4+8C1 4.04 + 16.67
Ta 2+4C2 2.31+15.67 N
1+2 C3 .00 +£11.00 ’
Total
4+8 C1 1.15+15.67
2+4 C2 1.15+14.33
IE 142 C3 00+1300 12t
Total
T1 .35+ .83
T2 .22 + .86
T3 .28 +.83
Total T4 350+1444 120
T5 141+14.33
Total
LSD Value +.93

TABLE 2. The Inhibitory Effct on P. Aenuginosa Bacteria

Treatments  pg/ml concentration  S.D+Mean LSD
8C1 14+ .92
4C2 .58 +.33
m 2¢3 58+ .67 ns
Total
16 C1 14 +.92
™ 8C2 .29 + .83 ns
4C3 14 + .92 '
Total
16 C1 25+.75
T3 8C2 .58 + .67 s
4C3 .58 = .67 '
Total
4+8C1 4.04 £16.67
T4 2+4C2 2.31£15.67 n.s

1+2 C3 .00 £ 11.00
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Total
4+8 C1 1.15+14.33
15 2+4 C2 2.52+12.33 ns
1+2 C3 1.15+11.67 ’
Total
T1 49 + .64
T2 .18 £ .89
T3 43 + .69
Total T4 192+1278 087
T5 .88 £13.44
Total
LSD value n.s
2 ¢
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Figure 7. (A) The Inhibitory Effect On K.Pneumonia
Bacteria, (B) Inhibitory Effect on P.Auroginosa Bacteria
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ABSTRACT

This study aims to verify and suggest the use of the Homotopy Analysis Method (HAM) as a
flexible and reliable method to handle the difficulties involved in solving 3D unsteady reaction-
diffusion equations. Reaction-diffusion equations are essential to the modeling of many real-world
processes in many academic fields. Yet, they are still quite difficult to solve, especially in three
dimensions and under unstable circumstances. In the current study, we provide an organized process
for building the homotopy operator; we take the solution and make it into a series. Then, we use the
homotopy perturbation approach to improve repeatedly. We illustrate the accuracy of our method in
approximating solutions to the reaction-diffusion equations via a series of comprehensive numerical
experiments. The accuracy is highlighted by the numerical results. We carry out an extensive
convergence study to confirm the correctness and dependability of the answers, confirming the
legitimacy of methodology and emphasizing its possible benefits over current approaches. The study
provides important insights into the behavior of such systems and builds a strong computational
foundation for future studies that will examine more complicated and dynamic systems. This research
advances our knowledge of reaction-diffusion processes.

1. INTRODUCTION

Reaction-diffusion equations play a vital role in
the simulation of several real-world processes across
numerous disciplines. It remains challenging to solve
3D unstable reaction-diffusion equations. Previous
research has focused on the limitations of existing
techniques, hence requiring the introduction of
alternate approaches to suit this need [1].

Reaction-diffusion equations serve as fundamental
models in several scientific disciplines due to their
capacity to explain the complex relationship between
diffusion-driven transport and chemical processes
[1]. These equations are used in numerous domains
such as biology [2], chemistry [3], micro- and
nanotechnology [3], and even unorthodox methods of
computing like reaction-diffusion systems [4].
Among the variety of reaction-diffusion phenomena.,
unstable three-dimensional (3D) reaction-diffusion
formulas hold particular importance in describing
dynamic structures where changes in time and space
happen simultaneously [5].

The importance of solving a 3D unsteady equation
with reaction diffusion involves a comprehension of
the complicated system where such processes take
place [6]. These equations represent issues where

*Corresponding Author Institutional Email:
Hasamshallal192@gmail.com (Hussam Shallal Saadoon Hatab)

compound reactions and diffusion processes occur in
a simultaneous manner and, generally, are of
essential relevance in the development of phenomena
such as pattern formation, morphogenesis of
biologics, and chemical dynamics [7].

In the realm of mathematical modeling, the equations
of unstable 3D response dissipation types are
particularly complex and nonlinear, and, thus, solving
the problem of the mathematical modeling of such
nonlinear differential equations demands significant
work [8]. The constraint is similarly resolved with
these standard numerical approaches if they are
erroneous or not efficient enough, even with linear
and non-linear systems [9]. On the contrary, HAM
(Homology Analysis Method) does not fail as an
alternative to those issues [10]. The Homotopy
Analysis Method (HAM) is a new and valuable tool
that can be applied to nonlinear differential equation
systems with nonzero initial conditions to get
approximate  solutions  [11,12]. Through the
development of a suitable homotropy between a
theorem assisted linear problem and the original
nonlinear issue, one can get an accurate series
solution [13]. Consequently, HAM (Homotopy
Analysis Method) has the benefit of providing an
adaptive scheme with proven convergence solutions
and the capability of acquiring a solution of any
degree of precision [14].
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The aim of the essay indicates that we are going to
analyze the aims and structure of the paper.

The work aimed to propose an application of the
Homotopy Analysis Method (HAM) in the solution
of unsteady 3D reaction-diffusion equations.
Specifically, the objectives are as follows:

1. Providing a thorough description of the 3D time-
resolved reaction-diffusion equation formalization.

2. The manifestation of the homotropy Analysis
approach's principles and the effectiveness of its
performance in finding solutions to nonlinear
differential equations.

3. Implementing the comprehensive (Homotopy
Analysis Method) HAM approaches for the unstable
3D reaction-diffusion equations is explained
throughout the next discussion session.

4. For evidence of HAM (Homotopy Analysis
Method) quality and to provide a numerical
comparison of the existing approaches, practical
examples thereof are supplied.

5. The objectives would include explaining the theory
underlying the discoveries and giving scientists and
engineers some possible suggestions for applications.
The paper is constructed as follows: Section 2.0
offers research and a review of the literature
addressing reaction-diffusion equations and the
Homotopy Analysis Method. Subsection 3 presents
the mathematical background for learning unsteady
3D reaction-diffusion equations and cylindrical
element shape functions (HAM). In Part 4, HAM is
applied to cope with the divergence and convergence
problems of 3D unsteady reaction-diffusion equations
using its series solutions. Claim 5 will focus on
number of findings and discussions, pasting the
balance of a HAM in order to estimate its efficiency
using other techniques. Lastly, Part 6 discusses the
greater context and approximates this research for
future investigations.

2. LITERATURE REVIEW

Reaction-diffusion equations are used to explain
numerous phenomena in many disciplines of research
in the context of mathematical modeling [15]. Many
computational and theoretical approaches have been
explored to determine the solutions to these
challenging problems [16] It deals with error
estimates of numerical techniques, accuracy, and
stability, especially in multi-variable system [17]
presented some suggestions on how to do qualitative
solutions to figure out certain critical points, which
are the balancing and transition phases of the
reaction-diffusion system. Diffusion, reaction, and
convection were explored [18]. They are crucial for
the explanation of numerous natural phenomena,
such as the movement of fluids and turbulence. Some
more fresh authors in this fraction. [19], who have

effectively included the fractional calculus to
describe ultra-diffusion phenomena and given a
larger angle to the transport process [20] studied
techniques for generating patterns in biological,
chemical, and ecological systems utilizing analytical
and numerical methodologies. [21] highlighted
numerous challenges connected to numerical
simulations of systems that feature degeneracy and
the incorporation of significant gradients and/or
discontinuities. [22] employed a high order kernel
for diffusion issues on surfaces, relevant in
investigations of catalysis and intracellular signaling.
For the exploration of stability and pattern creation in
reaction-diffusion systems, [23] applied bifurcation
analysis. [24] proposed innovative methodologies for
the wave propagation difficulties, in particular those
relevant to borders and inhomogeneous geometries.
Cherniha and Davydovych [25] explored nonlinear
response diffusion systems, self-organization, and
emergence [26, 27]. Keeping in mind the mechanism
of HAM (Homotopy Analysis Method) [28-30]] , it is
an adaptable and effective approach to solving
nonlinear differential equations in varied settings of
the application, especially for fuzzy PDEs [31-33].
Due to the multidisciplinary formulation of RD
equations, a range of analytical techniques, numerical
simulations, and experimental observations are
necessary to obtain insight into the application of
diffusion-based processes and chemistry in varied
settings. Information technology and statistical
approaches are crucial for tackling tough challenges
in domains ranging from health care to material
science, environmental engineering, ecology, and
others [34].

3. MATHEMATICAL BACKGROUND

The mathematical underpinning of our
investigation consists of understanding the dynamics
of three-dimensional (3D) unstable reaction-diffusion
equations. They serve a crucial role in modeling
numerous physical and biological phenomena. These
equations describe the evolution of species of
chemicals over time as well as space domains.
capture diffusion-driven movement and chemical
reactions concurrently.

In their general form, the 3D unsteady reaction-
diffusion equations can be expressed as:

D=DVPu+f@ (1)

Here, u represents the concentration of a chemical
species as a function of spatial coordinates x, y, and
z, as well as time t. The term D denotes the diffusion
coefficient governing the rate of diffusion, while f(u)
characterizes the reaction Kinetics governing the
transformation of chemical species.
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du
i F(u,v) + D,V?u 2)

dv
e G(uw,v) + D,V2v  (3)

Where u and v are concentrations of activator and
inhibitor, respectively. The first term on the right-
hand side of the equations is called the reaction term
and expresses the chemical reactions, that is,
activation and inhibition, among morphogens. F and
G are nonlinear functions stating that the activator
activates itself and the inhibitor, whereas the inhibitor
restrains the activator.
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Figure 1. Reaction-Diffusion Model [31].

They are commonly employed in biological,
chemistry, and physics fields as they give
explanations for varied patterns such as pattern
creation, morphogenesis, and chemical dynamism.
Following the decoding of reaction-diffusion
mechanisms, the study helps to provide a fuller
understanding of processes on a molecular level and
is also of service to researchers in nature-related
fields like physics and engineering.

In the meantime, solving the 3D unsteady response
diffusion problem will require the application of the
Homotropy Analysis (HAM) approach. HAM
presents a systematic and calculation approach that
shows that ordinary partial nonlinear equations can
be best stated in the form of approximation solutions.
It is based on the creation of a Homotropy operator
that is responsible for converting the potentially
nonlinear issue into a linear one through a
continuously deformed sequence of simpler linear
problems. The process of iteration and term series
expansion culminates in (Homotopy Analysis
Method) HAM, which is a convergent analytical
solution for reaction-diffusion systems and supplies
this with an understanding of that behavior.
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Figure 2. Flow chart of Homotopy Analysis Method
(HAM) procedure.

In order to comprehend the approach of HAM,
mathematical expertise, for example, in differential
equations, series expansions, and perturbation
methods, is essential. Additionally, the grasp of the
nonlinear impact and the convergent property of
series solutions is another crucial aspect that enables
us to use the HAM properly for studying the complex
reaction-diffusion equations.

4. METHODOLOGY

The Homotopy Analysis Method (HAM) is
applied to address the complicated 3D unsteady
reaction-diffusion equations. Presenting a systematic
and scientific approach to finding approximate
solutions. HAM stands as a solid mathematical
instrument noted for its efficacy in handling
nonlinear differential equations. Ensuring precision,
convergence, and computing economy in the
environment of this study.
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Figure 4. Components and Tools Flowchart of the
Proposed Model.

The initial stage involves the development of a
homotropy operation meant to smoothly convert the
initial complex problem into a succession of
progressively simplified linear problems for the 3D
unstable  reaction-diffusion  equations  under
consideration. We describe the homotropy operation
L(u,p) as:

ou
L(wp) = 5, = DV*u— f(u)
ou 5
+p E — DV u
—f(u)> (5)

Here, p serves as an auxiliary parameter ranging from
0 to 1. while u denotes the concentration profile of
the chemical species. This operator serves a
significant role in assisting the transition of the
original nonlinear issue into a more tractable form.
Paving the way for the implementation of the
Homotopy Analysis Method (HAM). By introducing
p into the operator, we introduce a continuous
deformation that enables us to repeatedly refine the
answer through consecutive approximations. Through
this iterative process, HAM allows us to navigate the
intricacies of 3D unsteady reaction-diffusion
equations and produce accurate solutions that depict
the intricate dynamics of chemical processes.
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Figure 5. Series Solution Expansion Illustration.

For the series solution expansion, we adopt a
systematic way to express the solution of the 3D
unsteady reaction-diffusion equations in terms of the
auxiliary parameter p. This expansion is constructed as
follows:

u(x,y,zt) = Z u, (x,y,z,)p" (4
n-0

With the advancement of the terms in the series, the
solution of the system becomes more complicated, and
more sophisticated features of the system dynamics are
taken into account. The solution is expanded in this
fashion and becomes a reasonable reflection of the
related reactions and the coefficients given by the
reaction-diffusion equations.
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Figure 6. Homotropy operator formulation flowchart

The Homotropy Perturbation Technique performs a
critical role with four iterations applied to the intended
equation to reach a final result. This is where the
second order approach is employed. Here, all the
nonlinear terms are handled as perturbations. Through
iterations, each correction subsequently leads to a
higher level of precision in solving the problem. With
every cycle of iterations, there is an increase in
accuracy attained by factoring in remedial actions to
simulate these underlying dynamics appropriately.
This cycle of going through the iterative process is
continued until convergence is obtained; normally, it is
accomplished within a finite number of iterations.
What makes this so special is the fact that the 3D
printers can simply create personalized prototypes for
each patient with the promise of rapid iteration through
multiple iterations, thereby ensuring a perfect fit of the
final printing.
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Figure 7. Convergence Analysis.

We will cross-check the exactitude of the series
solution that has been developed through our iterative
procedure by doing an entire range convergence
analysis. Convergence functions as a vital signal of the
approximation's integrity in describing the honest 3D
unsteady reaction-diffusion equations' solution. We
measure convergence in several ways; for example, we
use residual analysis and data comparison with precise

numerical benchmarks. These convergence indicators
are carefully evaluated so that the observed solution
closely fits the general behavior of the system. This
creates an essential allusion to the solution's accuracy
and dependability. By means of extensive convergence
analysis, the reliability of our model is ensured, and
the proposed methodology is thus demonstrated to be
valid and efficient for the examination of the reaction-
diffusion system at hand.

The reflection of the Homotopy Analysis Method
(HAM) incorporates the blending of the numerical
scheme with an iterative solution when solving the 3D
unsteady reaction-diffusion equations. This strategy
makes use of the most contemporary algorithms in
order to boost performance and better accuracy,
especially when problems in dynamics and linearity
crop up. With this computational tool utilization, we
can achieve robustness and goodness in our approach
while being focused on acquiring the best solutions
that characterize the reaction-diffusion system which
we are studying. By being conscious of the
computational components and judiciously employing
quantitative approaches, we set out to get results that
not only compels to the nucleus of scientific truth but
also provide a clear flow of thinking about the
behaviors of complicated chemical processes in the
three-dimensional space.

5. RESULT

A steady numerical approach to the 3D
unsteady  reaction-diffusion equations by the
Homotopy Analysis Method (HAM) offered not only
approximate solutions but also a possibility for
discovering accurate solutions to these problems. We
noticed the kind of convergence to the actual answer
when employing solutions for a number of repetitions.
And as figure. 8 demonstrates, its behavior varies with
the number of repetitions. To confirm this, the HAM
has demonstrated itself to be a true alternative to the
exact solution to this problem.

Convergence Analysis of Series Solution Expansion

Convergence towTds actual solution

0.00 |

2 4 6 8 10
Rerations

Residual Error

Figure 8. Convergence Analysis of Series Solution
Expansion.
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Figure 9 depicts the solution to the 3D unstable
reaction-diffusion equations as a sum consisting of the
auxiliary parameter (p). The series evolution exhibited
ever-greater precision with more high-order terms and,
subsequently, a better fit of the system with higher
levels of complexity and behavior. The trend toward
Taylor series expansion makes it easy to describe the
answer as a polynomial of modest degree.
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Figure 9. Expansion of Solution as a Series.
A. Comparison with Numerical Benchmarks

In Table 2 and Figure 10, there is a comparison
presentation of the data collected, using the HAM
and numerical models as benchmarks. Moreover, the
HAM results are in good agreement with those of the
stationary numerical models, suggesting that the
assumed scheme is well built.
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Numerical Solution
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Figure 10. Comparison with Numerical Benchmarks.

Table 1 Comparing HAM and numerical read and
internalize the provided paragraph. The effect of
music on our lives is evident. It has the potential to
trigger emotions, stimulate memories, and be a
source of comfort and enjoyment. Music is a
universal language that crosses boundaries and brings
people together. It has been a vital element of human
culture for thousands of years, and its value cannot be
over.

TABLE 1. Comparison of ham and numerical solutions.

Iteration HAM Solution Numerical Solution

1 0.95 0.92
2 0.89 0.88
3 0.86 0.85
4 0.83 0.83
5 0.81 0.80

B. Sensitivity Analysis

Figure 11 displays the result of a range of analyses that
were done to establish the parameters and
circumstances that influence the system's behavior.
Multiple inputs were identified from the sensitivity
analysis waver, including the varied effects of primary
controllers over the system and model improvement
from flows and experiments.

Sensitivity Analysis Results
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Figure 11. Sensitivity Analysis Results.

To further elucidate the spatiotemporal
dynamics of the reaction-diffusion system, 3D
concentration profile visualization is generated. The
concentration profile represents the distribution of the
chemical species across the spatial domain at various
time instances. Figure 12 illustrates the 3D plot of the
concentration profile, depicting the evolution of
concentration over time. The color map on the surface
of the plot indicates the concentration values, with
warmer colors denoting higher concentrations and
cooler colors representing lower concentrations.
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Figure 12. The 3D plot of the concentration profile.

Data analysis was performed utilizing uncertainty
testing in order to analyze the HAM results. Up to this
point, analysis showed a minimal margin of error,
which helped the procedure be trustworthy, accurate,
and consistent throughout several repetitions.

6. CONCLUSON

This study has shown that the Homotopy Analysis
Method (HAM) is a useful tool for solving 3D
unsteady reaction-diffusion equations. It can solve
these equations quickly and accurately while also
giving insights into the dynamics of complicated
systems. By means of an extensive examination of
extant literature and the pragmatic use of HAM, we
have shown its capability to surmount obstacles
presented by  three-dimensional, time-varying
situations. To extend the answer as a series, we first
formulated the homotopy operator. Then, we refined
the solution using the homotopy perturbation method.
Comprehensive numerical experiments, bolstered by
convergence analysis verifying solution correctness,
confirmed the efficacy of our method in precisely
isolating solutions. Sensitivity analysis also sheds light
on how changes in parameters affect our conclusions.

7. FUTURE DIRECTIONS

On the basis of these results, future research
may investigate simulations of ever more complicated
models, optimize the numerical schemes' cost-
efficiency, cross-check the results with experimental
data, and use machine learning to improve simulation
capabilities. By extending into these fields, we want to
improve HAM's applicability across a range of
scientific disciplines and open the door to further in-
depth research and useful applications in real-world
situations.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

REFERENCES

Britton, N. F. (1986). Reaction-diffusion equations and their
applications to biology. Academic Press.

Hariharan, G., & Kannan, K. (2014). Review of wavelet
methods for the solution of reaction—diffusion problems in
science and engineering. Applied Mathematical Modelling,
38(3), 799-813.

Grzybowski, B. A. (2009). Chemistry in motion: reaction-
diffusion systems for micro-and nanotechnology. John Wiley
& Sons.

Adamatzky, A., Costello, B. D. L., & Asai, T. (2005).
Reaction-diffusion computers. Elsevier.

Soh, S., Byrska, M., Kandere-Grzybowska, K., &
Grzybowski, B. A. (2010). Reaction-diffusion systems in
intracellular molecular transport and control. Angewandte
Chemie International Edition, 49(25), 4170-4198.

Baeumer, B., Kovacs, M., & Meerschaert, M. M. (2008).
Numerical solutions for fractional reaction—diffusion
equations. Computers & Mathematics with Applications,
55(10), 2212-2226.

Weiss, G. H. (1986). Overview of theoretical models for
reaction rates. Journal of Statistical Physics, 42, 3-36.
Roméo, E. C., Martins, J. A., & Moura, L. F. M. (2014).
Least Squares Finite Element Method for 3D Unsteady
Diffusion and Reaction-Diffusion problems. WSEAS
Transactions on Fluid Mechanics, 9, 196-209.

Wu, L., & Feng, X. (2019). A High-Order Compact (HOC)
Implicit Difference Scheme and a Multigrid Method for
Solving 3D Unsteady Reaction Diffusion Equations.
Mathematics, 7(12), 1208.

Roméo, E. C. (2014). 3D unsteady diffusion and reaction-
diffusion with singularities by GFEM with 27-node
hexahedrons. Mathematical Problems in Engineering, 2014.
Claro Romao, E., & de Moura, L. F. M. (2015). 3D unsteady
convection-diffusion-reaction via GFEM solver. Applied
Mechanics and Materials, 751, 313-318.

Liao, S. (Ed.). (2013). Advances in the homotopy analysis
method. World Scientific.

Liao, S. (2012). Homotopy analysis method in nonlinear
differential equations. Beijing: Higher Education Press.
El-Tawil, M. A., & Huseen, S. N. (2013). On convergence of
the g-homotopy analysis method. International Journal of
Contemporary Mathematical Sciences, 8(10), 481-497.
Abbasbandy, S. (2007). Homotopy analysis method for heat
radiation equations. International Communications in Heat
and Mass Transfer, 34(3), 380-387.

Estep, D. J., Larson, M. G., & Williams, R. D. (2000).
Estimating the error of numerical solutions of systems of
reaction-diffusion  equations (Vol. 696). American
Mathematical Soc..

Mei, Z. (2000). Numerical bifurcation analysis for reaction-
diffusion equations (Vol. 28). Springer Science & Business
Media.

Alhumaizi, K., Henda, R., & Soliman, M. (2003). Numerical
analysis of a reaction—diffusion—convection system.
Computers & Chemical Engineering, 27(4), 579-594.
Baeumer, B., Kovacs, M., & Meerschaert, M. M. (2008).
Numerical solutions for fractional reaction—diffusion
equations. Computers & Mathematics with Applications,
55(10), 2212-2226.

Owolabi, K. M. (2016). Mathematical analysis and numerical
simulation of patterns in fractional and classical reaction-
diffusion systems. Chaos, Solitons & Fractals, 93, 89-98.



22.

23.

24,

25.

26.

27.

28.

29.

First year 2024 ,Volume 1, Issue 3 PSIJK 34-42

Baier, R. R. (2008). Numerical methods and analysis for
degenerate parabolic equations and reaction-diffusion
systems (Doctoral dissertation, Universidad de Concepcion).
Fuselier, E. J., & Wright, G. B. (2013). A high-order kernel
method for diffusion and reaction-diffusion equations on
surfaces. Journal of Scientific Computing, 56(3), 535-565.
Herschkowitz-Kaufman, M. (1975). Bifurcation analysis of
nonlinear reaction-diffusion equations—II. Steady state
solutions and comparison with numerical simulations.
Bulletin of Mathematical Biology, 37, 589-636.

Lin, J., Chen, W., & Chen, C. (2014). A new scheme for the
solution of reaction diffusion and wave propagation
problems. Applied Mathematical Modelling, 38(23), 5651-
5664.

Cherniha, R., & Davydovych, V. (2017). Nonlinear reaction-
diffusion systems. Springer Lecture Notes in Mathematics
LNM, 2196.

Kopell, N., & Howard, L. N. (1973). Plane wave solutions to
reaction-diffusion  equations.  Studies in  Applied
Mathematics, 52(4), 291-328.

Wei, J., Ge, Y., & Wang, Y. (2022). High-Order Compact
Difference Method for Solving Two-and Three-Dimensional
Unsteady Convection Diffusion Reaction Equations.
Axioms, 11(3), 111.

Askar, A. H., Nagy, A., Barna, I. F., & Kovécs, E. (2023).
Analytical and Numerical Results for the Diffusion-Reaction
Equation When the Reaction Coefficient Depends on
Simultaneously the Space and Time Coordinates.
Computation, 11(7), 127.

30.

31.

32.

33.

34.

35.

Giraldo, J. F., & Calo, V. M. (2023). An adaptive in space,
stabilized finite element method via residual minimization
for linear and nonlinear unsteady advection—diffusion—
reaction equations. Mathematical and Computational
Applications, 28(1), 7.

Zhu, X., & Ge, Y. (2023). Adaptive ADI difference solution
of quenching problems based on the 3D convection—
reaction—diffusion equation. International Journal of
Nonlinear Sciences and Numerical Simulation, 24(6), 2325-
2345,

Zamani-Gharaghoshi, H., Dehghan, M., & Abbaszadeh, M.
(2024). A meshless collocation method based on Pascal
polynomial approximation and implicit closest point method
for solving reaction—diffusion systems on surfaces.
Engineering with Computers, 40(1), 313-322.

Altaie, S. A., Anakira, N., Jameel, A., Ababneh, O., Qazza,
A., & Alomari, A. K. (2022). Homotopy analysis method
analytical scheme for developing a solution to partial
differential equations in a fuzzy environment. Fractal and
Fractional, 6(8), 419.

Al-Qudah, A., Odibat, Z., & Shawagfeh, N. (2022). An
optimal homotopy analysis transform method for handling
nonlinear PDEs. International Journal of Applied and
Computational Mathematics, 8(5), 260.

Ahmad, I., Faisal, M., Loganathan, K., Kiyani, M. Z., &
Namgyel, N. (2022). Nonlinear mixed convective
bidirectional dynamics of double stratified radiative
Oldroyd-B nanofluid flow with heat source/sink and higher-
order chemical reaction. Mathematical Problems in
Engineering, 2022, 1-16.

Arabic Abstract

Jelall HLaml aYalee da mall (o Jl 2 ¥ Slbaadill o poall je dal) allall Sllee (o el 3Sae (3 U gn 1750 HJLEEY) 5 Jadll 35 ¥alae ali
e caag) Aalall sda canil Al cudlad Jaa) b L 5 el @il e dica g el 3 gl e dalad) lag¥) @385 a8y sl A 5 il ye
i i L) AESE 5 _iaall e Jeldll Ly Jeld c¥alae Jal 4 e 4 (HAM) (525 50 5l Qalaill 38y 5ha alasiial aSg #1581 g 4 jall 028
) el sa) Gk oo homotropy <l sbhaa¥) 48 YA e ) painls 4w ALl Jall a5 SIS (10 homotropy Jadic eLa3y dmgia A3y 5k
Dl Cilanl agh 8 daih ac b ¥ Uy il o) W gla e Uil o) Al ae Jasally collain) cay ji5 3 Ly yha Alled i ye Baawie dgoac

5 shaiall ASaalinal) Aalai¥) 8 Chanll 1Ak Llas Wl g9 a8l LS Je )




- 1 pure sciences international
& I Journal of kerbala

Year:2024 Volume : 1 Issue : 3 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

Nadia Hashim Al-Noor, Akbal Jabbar Sultan, A New Extended Inverse Exponential Distribution with Medical and Engineering Applications,
Pure Sciences International Journal of Kerbala, Vol. 1 No. 3, (2024) 43-50




First year 2024 ,Volume 1, Issue 3 PSIJK 43-50

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

A New Extended Inverse Exponential Distribution with Medical and Engineering
Applications

Nadia Hashim Al-Noor?*, Akbal Jabbar Sultan?

12 Department of Mathematics, College of Science, Al-Mustansiriyah University, Baghdad, Iraq

PAPER INFO

ABSTRACT

Received: 21 July 2024
Accepted: 5 August 2024
Published: 30 September 2024

Keywords:

Generator Sfamily, extended
distribution, inverse exponential
distribution, maximum likelihood
estimation,  essential  statistical
features.

A new probability distribution named Truncated Rayleigh Odd Weibull Inverse Exponential
distribution that extends the traditional inverse exponential distribution is proposed. The essential
statistical properties including moments, quantile function, linear representation, measures of
reliability, entropies, and reliability stress strength model are derived. The unknown three parameters
are estimated with the method of maximum likelihood and a simulation study is introduced to examine
the accuracy of the estimates. Two applications based on real-life datasets - medical and engineering -
are considered. Due to its flexible features, the new extended distribution is preferable to number of
well-known comparable models.

1. INTRODUCTION

Statistical data modeling is a crucial part of
statistics that has drawn the attention of many
researchers. A suitable statistical model is necessary for
the accurate actualization of the data when modeling
real-life data in various fields such as economics,
reliability analysis, engineering, environment, biological
investigations, and medical sciences. However, there are
still issues when real-life data does not fit any of the
conventional probability models. Indeed, statistical and
applied researchers have expressed a strong interest in
developing new extended probability distributions that
are more adaptable to data modeling. The literature
describes numerous methods for extending well-known
distributions. One of the most prevalent approaches is to
think about distribution generators [1,2].

For the generator (G) approach adding
parameter (s) to the well-known distributions may
introduce new modified/or extended distributions with
high flexibility in data-driven modeling of real-life
phenomena. In the literature, many generator families of
probability  distributions with  several desirable
properties have been proposed. A summary of the
varied and useful proposed families includes the
Marshall-Olkin-G [3], beta-G [4], Kumaraswamy-G
[5], gamma-G [6], exponentiated generalized-G [7],
logistic-G [8], Weibull-G [9], truncated Fréchet-G [10],
Gompertz-G [11], generalized inverse Weibull-G [12],
truncated general-G [13], exponentiated truncated

*Corresponding Author Institutional Email:
nadialnoor@uomustansiriyah.edu.ig (Nadia Hashim Al-Noor)

inverse Weibull-G [14], and recently truncated Rayleigh
odd Weibull-G [15] to the bounded interval [0,1]. For
more families and details, the interested reader may
refer to [14] and [15]. For lifetime data analysis, the
exponential distribution is one of the most often used
distributions related to the scale family of distributions
due to its simplicity and mathematical viability.
However, in real life, rarely come across engineering
systems that have a consistent danger rate throughout
their lifetime. As a result, it appears reasonable to
assume hazard rate as a function of time which led to
the development of an alternative modified/extended
model for lifetime data analysis [16].

The inverse exponential (IE) distribution is an
alternative modified version of the traditional
exponential distribution proposed by [17]. But this
modified version also has a limitation which is its
inability to effectively represent various skewed
datasets. The goal of this paper is centered around
introducing a new version of the IE distribution based
on employing the truncated Rayleigh odd Weibull-G
(TROW — G) family. The new extended version is
called truncated Rayleigh odd Weibull inverse
exponential (TROWIE) to the bounded interval [0,1].

For x>0 and G(x;w)=1-GC(x;w),
suppose G(x;w)and g(x;w) = dG(x; w)/dx are the
cumulative distribution function (CDF) and probability
density function (PDF) of a baseline distribution with
parameter vector w, then the CDF of TROW — G family
is [15]
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2. THE TROWIE DISTRIBUTION

The PDF and CDF of the one scale-parameter
IE distribution are g(x;2) =:—2e"1/x and G(x; 1) =
e ™* with x>0 and 2>0 (see [16]-[18]). By
inserting the CDF of IE in (1), the CDF of a new
extended version TROWIE can be obtained as
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The random variable with PDF (6) is denoted by

X~TROWIE (6, B, 1), and the PDF's natural logarithm
of (6) is

6BA y
n(f(0) =1n (ﬁ) - By ~2In()
—(B+ 1) In(1— e %) — (eH* - 1)—/? @

+In (1 - e_(el/x—l)_ﬁ) - g(l — e—(e"/x—1)_ﬂ)2

With the aid of the following extended special
formulas,

m!

(S1) e~% = Z:=0 Sl

o5}

(52) (1—2)% = Z D™ (2)zm; lzl < 1,a>0

m=0

(53) (1 —2)~@ =Z (m+a— 1)zm;|z| <1,a>0
m=0 m

The essential expanded form of the CDF (5) is

1
Fe =1
w » . ®)
A AP AN AT -Bk
(1= 3 S @ )

The corresponding essential expanded form of
the PDF (6) is

(o)

F)° = Z Yo ize—/l[[j’(k+1)+£’]/x 9)
k£=0 x
where
0p had (_1)i+j+k '
Y = Z UL
=0 (10)
(Zi + 1) (g)‘ (ﬁ(k +1)+ {’)
j 2 £

Plots of the CDF and PDF of the TROWIE
distribution for few parameter values are shown in
Figures 1 and 2. Figure 1 clearly demonstrates the
common CDF's features. Figure 2 displays some PDF
shapes including decreasing, right-skewed, left-skewed,
reversed J, and symmetric, which denote the suitability
of TROWIE to model different positive data.

® -

o e ———
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Figure 1. A plot of the CDF with some particular parameter
values.
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Figure 2. A plot of the PDF with some particular parameter
values.

The other essential properties of TROWIE
distribution are discussed in the following sub-sections.

2.1. Linear Representation and Related Measures
Capital Each Word of Title

The f(x)¢ in (9) can rewrite as

fae= ) o
2,

= y k.

k,£=0

ABk + 1) + 4]

AN S - AB(k+ D)+ /x
x? [Bk+1) + 4]

1 ABk+ 1) + 2]
Blk+1)+¢ x?
e—l[ﬁ(k+1)+€]/x

Therefore

o)

faye =y v

k,£=0

1
Bk+1)+¢ (11)

g A[Bk +1) + 2D

where g(x; A[B(k + 1) + £]), represents the PDF of
the traditional IE with parameter A[B(k + 1) + ¢]. That
is the PDF of TROWIE is expressed as a linear
combination of the IE distribution.

Regards to (11), r™non-central moment can
be found as

1
E(X™) = kZOY“‘"’) Bocr D1 et K eGaistern e
where E(X"™) jeaipe+1)+en,; Tepresents the rtnon-
central moment of IE with parameter A[B(k + 1) + £].
Thus, withr < 1
z Y®ROA B +1)+ ) ITA-7) (12
k£=0

EX") =

Further, based on the linear representation, the
characteristic function of the TROWIE is given by

= 1
px(t) = z Y("'”mﬁﬂx(t)g(x;am(kn)w])m
k,£=0

where @y () geuap+n+en,; 1S the  characteristic
function of IE with parameter A[B(k + 1) + £]. Thus,
the form of the characteristic function is

o

2y/—itA[B(k + 1) + ¢]
- (k,0)
ox(t) I;OY ACEEY; )

K, (2\/—it/1[,8(k ¥+ e])

where K, (2{/—itA[B(k + 1) + £]) is the Bessel's
modified function, K,(v) = %fowy“‘l e‘g(y’ry_l)dy,
witha = 1and v = 2\/—itA[B(k + 1) + £].

2.2. Quantile Function and Related Measures
Recall (3) with baseline distribution IE,
Geo\ ! -
¥(@) (52) =v@(e—1) =@ =
eM* —1 = e** =1+1~1(q). After taking the
natural logarithm for both sides, the quantile function is

Q) = AIn(1 + 9 (@)] (14)
where
@ = |-n(1- (G
e

The median and simulated data of TROWIE
random variable can be attained respectively via putting
q=1/2 and replacing g with U where
U~Uniform (0,1).

(15)

2.3. Reliability Measures

The reliability measures of any lifetime
equipment are the core tools for analyzing aging and
associated aspects. The most commonly used measures
in real-life data analysis and especially in reliability
engineering are [19] reliability R(x) =1 — F(x),
hazard h(x) = f(x)/R(x), cumulative hazard ch(x) =
—In(R(x)), and reverse hazard rh(x)=f(x)/
F(x) functions that employed to assess how well an
item (component or system) performs. Related to CDF
and PDF of TROWIE in (5) and (6), the four mentioned
measures can easily attend. Figures 3 and 4 display the
plots of the reliability and hazard of TROWIE
distribution for some parameter values. Figure 3 clearly
demonstrates the common features of the reliability
function. Figure 4 displays some hazard shapes
including increasing, decreasing, right-skewed, J, and
reversed J, which indicate the suitability of TROWIE to
analyze various sorts of lifetime data.
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Figure 3. A plot of the reliabilty with some particular
parameter values.
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Figure 4. A plot of the hazard with some particular
parameter values.
2.4. Entropies

Information theory uses entropy to describe the
degree of uncertainty linked with random variable.
The entropy of TROWIE random variable can be
measured in different ways, two of them are considered
in this sub-section.

The first entropy (Shannon entropy) with

formula E; = —E(In(f(x))) [15] and [19] can be
achieved from (7) as

_ —8/2
E,=In <19i‘fl> + BAE ()l() + 2E(In(X))
+(B + DE(In(1 — e=¥%))

—E (ln (1 - e‘(ei/x‘l)_ﬁ)) +E ((e’l/x - 1)_B)

+Sa((- o))
where E G) asin (12) with r = —1, and E(In(X)) can
be obtained related to PDF (9) as
E(In(X)) = fooln(x)f(x)"’ dx

0

3}

(16)

Yo f mln(x) iz e~ ABU+D+1/x g
K,2=0 0 X

After using the transformation u = A[B(k + 1) +¢]/
x—x=Apk+1)+£]/u and dx=-A[p(k+

1) + 4] uizdu, and recalling the special formula S4,

(54) foozs‘l In(z) e ™?dz = m~5T(s)(W(s) — In(m))
Thus ’

(o)

1
_ § (k&) -
E(n(X) & r Blk+1)++¢ 17)

(In@[Bk + 1) + £]) — y(D)]
where digamma function ¥(1) = f,"In(w) e™* du =

—0.577.More over, with the assistance of S1 — S3 and
extension formula S5,

© 1
(55) ln(1—z)=—z Zami)zl <1
m=1m

The other expectations in (16) can be obtained
with some simple mathematical steps as

E(In(1—e™/¥)) = zz( D™ g (19)
m=1s

=0

=<}

B -1 Z = m ) (19)

m,s=0

(A0m + B)’E(X™)

£ ({1 e ) = mi%§i

v=1tm,s=0 U (20)
ot (MY Gom + eyt B

v,t,m,s=0 (21)
vt(i)(m+7€lt—1

) (AGm + Br))* E(X~)
where E(X~%) as in (12) with r = —s.

To obtain the second entropy (relative
entropy), consider f(x)and f;(x) to be the PDFs of
two independent random variables following TROWIE
respectively with parameters (6,5,1) and (0,, 81, 41),
then

_ 163
b5 (n(22)) .

= E(n(f(0)) - E(in(f,(x)))

where E(In(f(x))) and E(In(f;(x))) can easily be
obtained as mentioned before.
2.5. Reliability Stress Strength (RSS) Model

The RSS is a term used in reliability theory to
describe the life of an experimental unit under random
stress (Z) and random strength (X). The system
operates well if X > Z, or when the strength exceeds the
stress (see [19] and [20]), which means that the
experimental unit breaks instantly when Z applied to it
exceeds X. As a result, the measure of experimental unit
reliability is P(X > Z). The RSS of two independent
variables X~TROWIE(6,8,1) and
Z~TROWIE (04, B1, A1) can be obtained with recalling
"(8)" with (04, By, A1) by RSS = E(F;(x)¢) as
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RSS = 1————:§:Z?

[i- 3 S

| : i'k! 2 |

(- )

Based on (19) with A; and B,k respectively
instead of A and B, the RSS is

RSS = 57
/ oo (_1)i+j+k+S . 2i 01 i \
- — )= 23
|1 Z ikisl (1)(2) | 23
i,j,k;m,s=0

(" HAEET) Gy 0n + ik B /

2.6. Maximum Likelihood Estimators (MLE)

Regarding PDF (6), for a complete random
sample (x4, x5, ..., x,) Of size n, the natural logarithm
likelihood function related to TROWIE with the vector
of parameters A = (9 B, is

6/2) ﬁlz
_2; In(x) — (B + 1)11; In <1 - e‘z)
_ ;(e/l/xi 1) ; n (1 ~ e_(eyxi_l)—;a)

n
0 _(eMxi1) P\
_“225; (1 —e (e ) )
i=
The MLE of three parameters can be obtained
numerically through solving the not closed forms of
a¢(Alx) a¢(Alx)
90 =0, ap =0,

i’(A|x) = nln(

(24)

nonlinear differential equations

o¢(Alx)
an

3. SIMULATION STUDY

A simulation study is conducted to assess the
performance of MLE to study how these estimators of
the unknown parameters behave for several sample
sizes and different parameter combinations.

For each sample size, 3000 random samples of
TROWIE (6, B,A) are generated via simulated formula
involved in (14). The MLEs are obtained using the
iterative technique available in program R (optim
function). The performance of MLE is evaluated with
Average Estimates (AE) and Mean Square Error
(MSE),

AE(A)—3000 2290(4;); A=6,pB, 0r 2 and
MSE(R) = —— y3900(3, — A)* .

3000

=0.

The simulation outcomes related to six
different combinations of parameters (for the PDF
shapes, see Figure 2 with four sample sizes are shown in
Table 1. It is noted that as sample size increases, the
values AE tend to be close to the true values, and MSE
values seem to be decreasing as expected,
demonstrating the consistency of the estimators.

TABLE 1. Values of AE and MSE related to the parameters

n=15

Tr. AE MSE Tr. AE MSE

A

6 791 8327320 8.087636 1.93 2.012803  3.082864
B 403 4441194 1374382 034 0.374973  0.009585
A 007 0.069945 0.000015 0.09 0.098021 0.001762

6 021 0472502 7.274642 5.8 5.734592  1.749384
p 097 1.054819 0.054117 7.3 8.025454  3.670264
A 291 3.051733 0589844 0.04 0.039873 8x 1077
6 697 6515750 4.235454 375 3.517010 8.892786
p 099 1131390 0.100377 0.53  0.594638 0.030576
A 073 0.698358 0.020149 2.09 2.139330 0.934870
n =30
A Tr. AE MSE Tr. AE MSE
6 791 8232776 6.113207 193 2.023179 1.867331
B 4.03 4216355 0.529582 0.34 0.354612 0.003453
A 007 0.070072 0.000009 0.09 0.094913 0.000804
6 021 0.463850 5.850661 5.8 5.803626  1.325745
p 097 1.002085  0.020135 7.3 7.657964  1.505122
A 291 3.023564 0.421412 0.04 0.039949 5x 1077
6 697 6.482723 3456168 3.75 3.700618 5.965475
B 0.99 1068240 0.039921 0.53  0.555355 0.012235
A 073 0702371 0.012082 2.09 2.156232 0.569826
n =60
A Tr. AE MSE Tr. AE MSE
6 791 8122817 3.651627 193 1990555 1.180167
B 4.03 4114413 0.243656 0.34  0.345894  0.001532
A 007 0.070105 0.000006 0.09 0.093067 0.000408
6 021 0.372998  4.254743 5.8 5.846645  0.977229
B 0.97 0980548 0.009239 7.3 7.479026  0.693581
A 291 2987964 0295312 0.04 0.039993 3x 1077
6 697 6.592483 3.418955 3.75 3.739122 3.585034
p 099 1.033369 0.019687 0.53 0.540339 0.005700
A 073 0.711428 0.009384 2.09 2.136193 0.301010
n=120
A Tr. AE MSE Tr. AE MSE
6 791 8125081 3.007407 193 1.962725 0.677580
p 403 4061155 0.114222 0.34 0.342609 0.000712
A 007 0.070149 0.000004 0.09 0.091480 0.000215
6 021 0.309839 2.678956 5.8 5.929748  0.759765
B 097 0.972393  0.004317 7.3 7.378719  0.320927
A 291 2955075 0.176735 0.04 0.040035 2x 1077

6.97 6.719152  3.111888 3.75 3.733695 2.118044
099 1.013170 0.011206 053 0.534231 0.002852
0.73 0.719259  0.007652 2.09  2.116098 0.167366

N ©
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4. APPLICATIONS TO REAL DATA

In this section, the flexibility of TROWIE
distribution is proved by analyzing medical and
engineering datasets given as follows.

Medical dataset: The data consist of 120 daily death
cases of COVID-19 in Iraq from 1% August to 28"
November 2021 accessible at the Iragi Ministry of
Health, Public Health's Directorate [15].

Engineering dataset: The data consists of 38 values of
the lifetime period operating the inverter split air
conditioner devices before failure happens, taken from
an lragi Home Electronics Company from 2018 to 2022,
are: 1.28, 2.20, 1.26, 27.00, 7.25, 28.17, 12.29, 10.00,
3.05, 3.20, 7.15, 5.27, 6.22, 5.10, 4.12, 8.15, 4.19, 8.03,
6.25, 1.15, 11.00, 5.27, 7.24, 5.12, 8.15, 8.20, 3.13,
1.21,5.20, 3.18, 6.12, 2.10, 7.24,1.29, 2.22, 3.17, 28.22,
19.10. The integer number denotes the months and the
decimal number denotes the days.

Tables 2 and 3 include summary descriptive statistics
that can be used to infer the nature of the datasets. The
first set of data is right-skewed and platykurtic, and the
second is right-skewed and leptokurtic. The TROWIE's
fitting behavior is compared with other extended IE
related to five families, namely Beta-G, Kumaraswamy-
G, Exponentiated Generalized-G, Weibull-G, and
Gompertz-G, respectively denoted by BelE, KulE,
EGIE, WelE, and GolE. It is important to point out that
the p-values of the goodness of fit test Kolmogorov-
Smirnov (K-S) associated with fitted TROWIE and
competitive distributions are all significant values
(greater than 0.05). The traditional distribution IE is
also included in the comparison. For the comparing
process, the negative estimated log-likelihood (- 2),
and common information criteria (IC) related to Akaike
(AIC), Consistent Akaike (CAIC), Bayesian (BIC),
Hanan and Quinn (HQIC) (see [15] and [19]) are
employed. The distribution with the lowest values of
these criteria is the best fit for the considered dataset.
Tables 4 - 7 exhibit the outcomes of various MLE
values and IC values. The TROWIE distribution clearly
has the lowest values of IC making it the best suited to
represent COVID-19 medical data and lifetime period
engineering data compared to other competitor
distributions.

TABLE 2. Descriptive Statistics related to medical data

TABLE 4. MLE values related to medical data

Dist. 0 B A
TROWIE 0.084405 1.201666 24.000442
BelE 11.94404 4397245 11.041476
KulE 7.794827 6.321404 10.946719
EGIE 4528481 1.640757 57.672792
WelE 4.050667 1.640752 10.005726
GolE 0.005616 2.425328 4.1478026
IE 34.001800

TABLE 5. MLE values related to engineering data

Dist. [ B i
TROWIE 008389882  0.67202273  2.84322329
BelE 0.13633080  3.52900290  32.2836614
KulE 1.08488600  1.74442600  4.71216500
EGIE 422806020  0.15457620  28.5583330
WelE 2.38650400  1.84243600  1.16782200
GolE 0.85214660  0.66453520  3.74076890
IE 3.64531100

TABLE 6. Information criteria for fitting medical data

Dist. —? AIC CAIC BIC HQIC

TROWIE 519.715 104543 1045.64 1053.79  1048.83
BelE 523.711 105342 1053.63 1061.78 1056.82
KulE 522.228 105046 1050.66 1058.82  1053.85
EGIE 523.410 1052.82 1053.03 1061.18 1056.22
WelE 519.946 1045.89 1046.10 105425 1049.29
GolE 522576 1051.15 1051.36 1059.51 1054.55

IE 571.603 114521 114524 114799 1146.34

TABLE 7. Information criteria for fitting engineering data

Dist. —? AIC CAIC BIC HQIC

TROWIE 109.331 224.662 225368 229.575 226.410
BelE 109.619 225.238 225944  230.150 226.986
KulE 110562  227.124 227.830 232.037 228.872
EGIE 109.583 225166 225.872 230.079 226.914
WelE 109.459  224.918 225.624 229.831  226.666
GolE 109.356  224.711 225417  229.624  226.459

IE 113.050 228.099  228.210 229.737  228.682

Stat. Mean Median Min. Max. Sk. Ku.

Val. 42758 36.5 7.00 87.00 0.39219 -1.11064

TABLE 3. Descriptive Statistics related to engineering data
Stat. Mean Median Min. Max. Sk. Ku.

Val. 7.33 5.27 1.15 2822 207 391

5. CONCLUSIONS

A new extended version of inverse
exponential distribution named Truncated Rayleigh
Odd Weibull Inverse Exponential is proposed. The
essential statistical functions, properties, entropies,
linear representation, measures of reliability, and
stress strength are derived. The shapes of the density
and hazard functions are investigated. The density
function may be decreasing, right-skewed, left-
skewed, reversed J, and symmetric. Further, hazard
function may be increasing, decreasing, right-
skewed, J, and reversed J, which indicate the
suitability of the new extended to analyze various
lifetime data. The three unknown parameters are
estimated with the method of maximum likelihood
and a simulation study examines the accuracy of the
estimates. Two applications based on real medical
and engineering datasets are considered. Based on
the numerical results of different information criteria,
new distribution is preferable to several well-known
comparable models including the traditional inverse
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exponential distribution due to its flexible features.
This adaptability might make it possible to use the
new distribution in more application areas. Other
parameter estimation techniques, like least squares,
weighted least squares, moments, and Bayesian
might also be taken into consideration as a potential

field for future research.
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An iterative semi-analytical transform approach is suggested in this paper for solving a
time-fractional Fokker-Planck (FrF-P) partial differential equations. The Kashuri-Fundo transform and
the variational iteration method are the key components of the suggested method. The fractional
derivative is taken in the Caputo sense. The solution is given as a rapidly converging fractional power
series with simple coefficients. Some illustrative examples are solved to show how practical and
effective the proposed approach is.

1. INTRODUCTION

Partial differential equations (PDEs) are
frequently utilized to expressing engineering and natural
activities in the various fields of physics, chemistry,
biology and applied mathematics. A variety of nonlinear
partial differential equations (NLPDES) have been the
focus of important studies by  physicists,
mathematicians, and scientists in the past decades.
Finding the solution to partial NLDEs is challenging
because to their nonlinear components. Although
obtaining approximate or exact solutions to nonlinear
partial differential equations (NLPDES) is essential in
many study areas, it remains a difficult task that require
the development of new methodologies. In order to get
an analytical solution, dependable and effective
approaches must be developed [1]. The exact solution of
these DEs is significant since many practical sciences,
including quantum mechanics, hydrodynamics, plasma
physics, and nonlinear optics, depend on the ability of
predicting the future behavior of a dynamic system.
In recent years, fractional calculus, which is seen as a
generalization of standard integer-order integration and
differentiation, has received a lot of attention due to the
wide range of disciplines in which it is used in modern
life. Fractional derivatives have been defined via many
suggested  definitions including Riesz, Riemann-
Liouville, Grunwald-Letnikov, Caputo, and
conformable fractional definitions [2]-[4]. Fractional
partial differential equations (FrPDEs), are utilized for

*Corresponding Author Institutional Email:
mustafal234432111@gmail.com (Mustafa Hatem)

modeling wide range of real-life applications. The
FrPDEs gained importance and popularity because of
their wide applications across many fields, including
quantum physics, electrical circuits, and theoretical
biology [5,6].

A significant amount of research has been done to find
solutions for the FrDEs [7-11] and references therein.
However, it can be difficult to find exact analytical
solutions to the majority of these equations because of
the complexity of nonlinear components and fractional
derivatives; as a result, approximation and numerical
approaches are acceptable for handling the issue. Thus,
many iterative and hybrid methods have been proposed,
such as the homotopy perturbation method (HPM) [12],
the generalized differential transform method [13], the
fractional variational iteration method (FrVVIM) [14], the
Adomian decomposition method (ADM) [15], the
homotopy perturbation Sumudu transform method [16],
the Kashuri Fundo transform and homotopy
perturbation method [17] and references therein.

One of the most well-known and significant
equations in the fields of statistical physics, natural
science is the Fokker-Planck (F-P) equation. It was first
proposed by Fokker and Planck to explain the Brownian
motion of particles and the change in probability of a
random function in space and time [18].

The objective of this study is to propose an iterative
semi-analytic transform approach to approximate the
solution of a time-fractional Fokker-Planck (FrF-P)
partial differential equations. The suggested approach is
termed the fractional Kashuri Fundo variational
homotopy method (Fr-KFVHM), it is a combination of
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the Kashuri-Fundo transform (KFT) [19], the VIM [20],
and the HPM [21]. The Fr-KFVHM helps in avoiding
the complications that often arise when trying to find
the Lagrange multiplier (LagM) and the complex
integrations that are employed in VIM.

2. OVERVIEW OF THE FOKKER-PLANCK (F-P)
EQUATION
The following equation represents the general
F-P equation [18]:

9z(x,t) 0
Fra [—aQ(x)
+ %R(x)] z(x,t) (D
subject to,
z(x,0) = f(x), x
ER, (2)

The drift and the diffusion coefficients are Q(x) and
R(x), respectively. The diffusion and drift coefficients
might be time-dependent.That is, “(1)” can be written
as:
0z(x,t) B 0 0

o | e W

2

0
+ ﬁR(x, t)| z(x,t). 3

Equation (1) represents mathematically a linear second
order PDE of parabolic type. The following equation is
a generalized version of “(1)” for M variables

X1, X3, e Xy .

M
0z(x,t) B Z d o

ot o, X
r=1
M 62
+ WRr'S(X)I z(x,t) (4)
r,s=1
subject to,
z(x,0) = f(x),x = (xq, %3, ... Xpy)

€ RM (5

The nonlinear F-P (NLF-P) equation is the most
common type of F-P equations and has significant
applications in many fields, including engineering,
pattern  formation,  psychology,  neurosciences,
population dynamics, nonlinear hydrodynamics, plasma
physics, etc. The NLF-P equation is expressed as
follows for the one variable case:

6z(x,t)_ 0 (0.t,2)
ot | ax Wbz

2

d
+ WR(x, t,z)| z(x,t)  (6)

3. VARIATIONAL ITERATION METHOD (VIM)
Illustration of the concept VIM based on
NLPDE [20] is

Uz+Tz=

P(x) (7

where T is nonlinear operator, U is linear operator, and
P(x) is an analytical function. Correction functional for
“(7)” of VIM is

Zins1(X) = 2y (%)

+ [ 1) W20 + T20©)

0
- P()]d ®)
The (LagM) A(¢) may be determined by the variational
theory. A restricted variation is z,,, i.e. §z,, = 0 and the
mth approximation is denoted by the index m.
The approximation z,,,,, m = 0 of z cab be computed
by any selective function z, and using LagM. To
determine Z(§), integration by parts may be used; and
the solution is given by,
Z
= lim z,, 9
m-—oo

4. KASHURI AND FUNDO TRANSFORM

Let Q be a set of functions of exponential order
[19],

_le

=4 160 <Ne®D ¢

€ (-1 x,[0,0) | (10)

where N, kq,k, > 0.
The KFT is defined as the following and denoted by the
operator (:) ,

-t

KIAOIw) = [ £@eo? de

0

= A(w) (11)
where t > 0; -k, <w <k,.
Let A(w) be the KFT of £(t). The fundamental
properties of KFT are [25]

A
LI (O] (w) = 5;’)
Y Aw)  #0)
25" (Ol w) = = 22 =25
£ 13
-= (13)
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3.%[£™ ()] (w)
A(w)
= wZn

n-1 /k(k)(())
- Z w2@-K-1 (14)

k=0

TABLE 1. The typical kft for some functions [19]

#(t) K[#)](w) = A(w)
1 w
t", n=>0 n! q2n+t
w
e Mt -
1+ pw?
2
aw
sin(ut —_—
(ut) 152w
2
w
cos(ut _—
(ut) 1T 2w

Theorem 1. [22]. The KFT of the Riemann-Liouville
fractional integral Qfz(x,t) and the Caputo fractional
derivative Dfz(x,t) is given by

i XK{Q%(x, )} = wPA(x, w),

. Axaw)
i, H(DEz(x )} = T2 -
m—1 1 Bkz(x,0+)

k=0  2(a-k)-1 gk

where m—1<a < mé€N.

e — e2ma+l
. x {F(1+ma)} =w

5. HOMOTOPY PERTURBATION METHOD
The basic idea of the HPM is explained by
considering the following nonlinear system[21] ,
U@ +T(@)—g(s)=0,

sED (15)
5(n2) =0
Z'am =0, s
en (16)

where T is nonlinear operator, U is linear operator, and
g(s) is an analytical function.
The Homotopy technique for “(15)” is,

w(r,p):® x[0,1]

- R (18)
satisfying,
U(w, p)
=1 =p)U(w) — U(z,)]
+PlUw)+Tw)—g(s)]=0, s
€Ed (19)
R is the real numbers, p € [0,1] increases from 0 to 1,
and 1z, is initial approximate solution of “(19)”

satisfying the boundary conditions “(15)”. Obviously,
from “(19)”, we have
U(w, 0) = U(w) — L(zo)
=0 (20)
U(w,1) =U(w) + T(w) — g(s)
=0 (21)
Suppose that the solution of “(19)” can be written as a
power series in p:
w = wy + pwq + p2uw,
The solution z of (19), by Settingp = 1 is,
ZZLi_I}}W = wy +wy +u,
+ . (23)
For most cases, “(23)” convergent, however the
nonlinear operator affects a rate of convergence.

(22)

6. FRACTIONAL VARIATIONAL HOMOTOPY
TRANSFORM METHOD (Fr-VHTM)

Fr-VHTM is combined from the KFT, VIM,
and HPM. The method begins by applying the KFT for
both sides of a given DE. The resulting equation will be
multiplied by the LagM to generate the recurrence
relation. Then, the recurrence relation is limited to
determine the LagM. The technique is significant since
it does not require the integral part or the convolution
theorem neither the convolution theorem nor the
integral part used in VIM.

Applying KFT of “(7)”, yields,
KUz + Tz — P(x)]
=0 (24)
Multiplying (24) by LagM A(w), we get
AMw)K[Uz + Tz — P(x)]
=0. (25)
The recurrence relation to calculate the LagM is,
Zm+1(x, /LU’) = Zm(x, /LU’)
+ A(w)XK[Uz + Tz
— P(x)] (26)
The optimality criterion is employed to calculate the
LagM A(wr) by using the KFT and
SzZme1(xw)
Szmxwr)
0. 27)
Then A(w) = —uwr?*. By using the value of LagM and
the inverse of KFT in “(26)”, we obtain the approximate
solution.

Zm1 (X, W)
= 2 (0, w) + K7 —w K [Uz + Tz — P(x)]],
m=0123, .. (28)

The HPM can be expressed as follows for nonlinear
terms,

T() = ) p/H=H +pH, +p?H,
j=0
' 4o (29)
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where H,," s denote the He’s polynomials.
Hm(ZO + Zl + ZZ + A + Zm)

1 9™ °°].
=M@ET§P% :

j=0 =0
m=0,12.3, .. (30)
The following approximations can be found,
pO
= 7zy(x,t) (31)
pt =z,(x,t) = —K"1(32)
pZ = ZZ(X, t)
=-x! [wzaﬂC[T(zl(x, t))
— H(z(x, 0)]] (33)
3 =z3(x,t) = —K! [wZ“JC[T(ZZ(x, t))
— H(z(x,0)]] (34)
and so on.
Zm (X, t) =29 + 21 + 2, + 25
+ oo (35)

7. APPLICATIONS

In number of practical scientific disciplines,
including physics, engineering, the life sciences, and
statistics, the Fokker-Planck equation has been
considered as one of the most significant differential
equations. The random motion of infinitesimally small
particles in a changing medium is studied using the
Fokker-Planck equation, and statistical processes and
reactions in systems that rely on scattering and atomic
activity are also examined. It is also a powerful tool for
analyzing how materials are transported and how gases
and liquids are distributed in engineering systems. To
investigate heat transfer processes and the probability
distribution of tiny particles, like electrons and photons,
in electromagnetic systems, for instance, physicists
utilize the Fokker-Planck equation. This equation is
used in engineering to study the movement of matter
and energy in physical and chemical systems. It is used
to study biological reaction models and the activity of
chemicals in living cells in the life sciences. The
Fokker-Planck equation is additionally wused in
disciplines including statistics, economics, and finance.
It is used to examine trends in stock price changes and
market movements. In general, depending on the
scientific field and the phenomenon being studied, the
Fokker-Planck equation has a wide range of
applications, whether in its form with integer derivatives
or with fractional derivatives.

Example 1:

3% a 8% x?
LA
at* ax dx? 2

z(x,0)=x , x€[02],t=0,0<a<1

% 9 82 x?
st -5zl =
0 (36)
The recurrence relation after applying the KFT for both
sides of “(36 )” , then multiplying by A(w) is, we
obtain

Ziny1 (6, W) = 2z (6, w) + K(wr) [ [at“

ax
ox

a2 x?
) Z]] (37)
Using the KFT after considering the variation of “(37)”

w.r.t the independent variable z,,.
6Zmy1 (0, w) = 62, (x, ) +

A(w) [( =0z (x,w) —z(x,0) + K [[—x —

31

0 Zpir (X, W) = 82, (x, W) (1
When % =0,

Zm
(ﬂ%?&(w) = —1) X w?% , then
Aw) = —w?

aa
Zm+1(x' w) = Zm(xt w) — w?e [K [W +

o 5517
dx axz 2

Taking the inverse of the KFT

Ziny1 (0, W) =z (X, w) — [w2a [K[at"‘

]|

The HMP can be applied to have
Zo + Pz, + P?zy + = 2, (x, 1) +

(e szl )

p([-ex+gzla) oo (e + ) +

”] )

POz = 2,(6,0) =,

2a

pK™ |w

ot =i [+ 5]

r(a+1)

ptiz, =K1 [wm [K - +%2—2]Zl]]

— K—l[w2a+1x] =x
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-1 4a+1 t2«
=K' w x]= xr(2a+1)'
3., — 1|2 [p[—2 ﬁﬁ] ]
p iz; =K [w [K 6xx+ax22 Zy
K—1[ g 621 3%
- [w x]= xr(3a+1)'
m _ tma _ 1 ta tZ(Z
PiZm = X e x( + r(a+1) = T'(2a+1)
t3a
Gan )=
xEq (t%) (39)

TABLE 2. The 10th fr-vhtm approximate solutions of
Example 1 at =1

t  Exactsolution Approximation Absolute
solution error
0.1 1.1051709180756477 1.1051709180756475  0.222045
X 10715
0.2 1.2214027581601699 1.2214027581601692 0.666134
x 10715
0.3 1.3498588075760032  1.3498588075759577  0.455191
x 10713
0.4 1.4918246976412703 1.4918246976401834 0.108691
x 10711
0.5 1.6487212707001282 1.6487212706873657 0.176250
x 10710
0.6 1.8221188003905090 1.8221188002948574  0.956517
x 10710
0.7 2.0137527074704766 2.0137527069445813 0.525895
X 107°
0.8 2.2255409284924680 2.2255409261876826  0.230479
x 1078
0.9 2.4596031111569500 2.4596031026621 000 0.849485
x 1078
Example 2:
o _[_ax
ate | axe

2 2
=5z (40)
x€[02],t=0,0<a<1
z(x,0) = x? The recurrence relation after applying
the KFT for both sides of ""(40)", then multiplying by

A(w) is, we conclude that
%ﬂww%@m+mﬂ[

[ii_
0x 6

=

Applying the same steps as in Examplel, we have
A(w) = —w?*  and
P°:zo = Zo(x, t) = x?,

ate

(41)

pliz; =K1 [wz"‘ [K [—

a x ] ]
ax 6 6x2 12

_x% ot

T 2 I(a+1)

2. _K—l 2a K a x+ az xz
Pz = w 0x6 0x212 z1

p3:23=K_[ K [~ 5% lez] ]]

p

m., x>
Tom 2M I'(ma+1)

t% tZa t3¢x
= x? (1 + + +

2
— K1 [w6a+1x_] _x
8 8 F(3a+1)

xZ tma

2@+ 1)  22TRa+1)  23T(3a+1)

x2 t2a
*”FI@ﬁB
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Folk medicine across various cultures has relied on medicinal plants for their distinctive
therapeutic properties. Among these plants is Withania somnifera, which is reputed for its potential to
enhance sexual health and improve semen quality and inhibit lipid peroxidation as well as its anti-
ageing, and anti-inflammatory properties. The primary objective of this study is to evaluate the
inherent protective role of W. somnifera against the effects of Levofloxacin, specifically focusing on
DNA damage and sperm quality in a rat model. In order to achieve this objective, a total of thirty adult
male rats were carefully assigned to five separate experimental groups, including the Control group (C)
saline-treated for 60 days. Group (W) W. somnifera root extract was orally treated for 60 days. Group
(L) Levofloxacin orally treated for 60 days. Group (W+L) Levofloxacin was orally co-administered
and pre-treated with W. somnifera root extract for 60 days. Group (L+W) Levofloxacin was orally co-
administered and post-treated with W. somnifera root extract for 60 days. The degree of protection was
estimated using the oxidative stress biomarkers, sperm concentration, motility, viability, morphology,
and comet assay. The administration of Levofloxacin resulted in a significant increase (P < 0.05) in
various parameters, including Total Oxidative Status (TOS), sperm abnormality (Head and Tail
abnormality), and the presence of immotile sperm. Additionally, significant damage to sperm DNA
was observed, as confirmed by the comet assay. Furthermore, Levofloxacin treatment led to a
significant decrease (P < 0.05) in Super Oxide Dismutase (SOD) levels and reductions in sperm
concentration, motility, and viability. W. somnifera root extract treatment post and pre-Levofloxacin
improved recovery of these biochemical changes and boosted sperm quality. In conclusion, W.
somnifera root extract may protect against levofloxacin-induced sperm damage in rats.

1. INTRODUCTION

Additionally, levofloxacin may lead to  muscle

Levofloxacin is classified as a fluoroquinolone
antibiotic that effectively treats various bacterial
infections such as respiratory tract infections, skin
infections, urinary tract infections, and others. It
belongs to the third generation of antibiotics called
fluoroquinolones (FQs). It can penetrate bacterial cell
walls and inhibit the activity of bacterial enzymes
responsible for DNA replication [1]. It achieves this by
binding to and blocking the action of the bacterial DNA
gyrase enzymes, which are necessary for bacterial DNA
synthesis and replication [2]. Like all medications,
levofloxacin can cause side effects, some of which can
be serious. Common adverse effects of levofloxacin
include headaches, dizziness, nausea, and diarrhea.
However, there are also rare but severe side effects,
including aneurysms, prolongation of the Q-T interval,
and tendon rupture, especially in the Achilles tendon.
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weakness, neuropsychiatric toxicity, and hepatotoxicity
[3]. The reproductive side effects of FQs like
levofloxacin can be concerning. These effects can
include changes in libido, decrease sperm parameters
and serum testosterone level, and also testicular damage
[4,5]. It is not entirely clear why FQs can cause
reproductive side effects. Still, it is thought that the
drugs may interfere with the production of certain
hormones or enzymes that are involved in reproductive
function [6]. Furthermore, it is worth noting that besides
the potential effect on reproductive functions, there
exists compelling evidence indicating that the
administration of levofloxacin has the capability to
provoke a state of Oxidative Stress (OS) within the
body. This oxidative stress is believed to be initiated by
the discernible reduction in the functional capacities of
vital antioxidant enzymes, namely Superoxide
Dismutase (SOD), catalase (CAT), and Glutathione S-
transferase (GST) activities [7,8]. Several studies have
demonstrated a reasonable connection between
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oxidative stress and certain reproductive side effects
commonly associated with FQs, including but not
limited to infertility and testicular damage [9,10].
Levofloxacin and other FQs have been shown to
generate ROS in various cell types, including germ cells
[11]. This can lead to damage to cellular components,
including lipids, proteins, and DNA. Sperm DNA
damage and low sperm quality can negatively impact
male fertility and contribute to infertility [12].
Therefore, protecting sperm against oxidative stress and
damage is a crucial field of research. Deeply rooted in
the ancient traditions of Ayurvedic medicine, Withania
somnifera  (WS), commonly referred to as
Ashwagandha, emerges as a remarkable botanical entity
that has garnered profound reverence for its profound
healing properties. Over the course of countless
generations, this medicinal plant has consistently proven
its efficacy in alleviating a diverse spectrum of health
challenges, earning it a well-deserved position of
eminence within holistic healing practices [13]. Today,
it is widely used as a dietary supplement and is gaining
popularity for its potential health benefits [14].
Ashwagandha plants root is believed to have
immunomodulatory, anti-inflammatory, and antioxidant
properties, and is commonly used to manage stress,
anxiety, depression, insomnia, and pain [15]. According
to a comprehensive qualitative analysis  of
phytochemicals, it has been clearly emphasized that the
extracts derived from the roots of W. somnifera contain
a rich array of compounds, including terpenoids,
tannins, flavonoids, alkaloids, carbohydrates, and
saponins. These diverse components synergistically
contribute to providing the plant with its remarkable
antioxidant properties, protecting against oxidative
processes. Furthermore, it is crucial to note that the
presence of a specific class of compounds called
withanolides further boosts the plant's potential to
exhibit such exceptional antioxidant capabilities [16].
These compounds are believed to protect cells from
oxidative stress by scavenging free radicals, which are
highly reactive molecules that can damage cells and
contribute to the development of various diseases [15].
W. somnifera can increase the activity of enzymes that
help to protect cells against oxidative damage, such as
SOD, CAT, and glutathione peroxidase [17]. In
addition, W. somnifera has been found to increase the
levels of antioxidants, such as Glutathione and vitamin
C, in cells and tissues [18]. Several researches have
been conducted to evaluate the possible protective
benefits of W. somnifera on sperm cells against
oxidative stress caused by a variety of stressors such as
environmental pollutants and chemotherapy medicines
[19,20]. Several studies have suggested that the root
extract of W. somnifera can enhance sexual health and
improve semen parameters by reducing levels of lipid
peroxidation, stress, serum cortisol, and reactive oxygen
species. Additionally, the extract increases antioxidant

levels, improves overall sperm quality, and elevates
testosterone and luteinizing hormone levels [13-21].

2. MATERIALS AND METHODS
2. 1. The Plants Extract Preparation

The W. somnifera (WS)plants were gathered
from the garden at Baghdad University's Science
College. The roots were carefully cleaned and left to
naturally dry in the comforting shade. Once dried, the
roots were grinned into a fine powder using a grinder.
This finely powdered root was then immersed in a
solution of 70% ethanol and left to soak for duration of
48 hours. The solution is then filtered with filter paper.
The alcoholic extract method, employing the renowned
Soxhlet apparatus, was employed to harness the desired
constituents from the root powder. Following the
extraction process, any excess alcoholic solvent was
skillfully evaporated at a temperature of 60°C, ensuring
the excess alcoholic solvent was evaporated to gain the
final extract [17]. And the dose was prepared according
to previous report [18].
2.2. The Drug

Levofloxacin (COX pharmaceutical, LTD.
Arcade House. Finchley Road. London NW11 7TL,
UK) Tablets 500 mg obtained from local pharmacy. It
was finely grinding and then dissolved in normal saline
to prepare a dose of 10 mg / kg [11].
2.3. Animals

This experiment involved the utilization of a
total of thirty adult albino rats, which were housed in
breeding cages under carefully controlled conditions.
The temperature within the facility was maintained at a
range of 25 to 30 degrees Celsius, accompanied by a
humidity level of 50 to 55 percent. The rats were
provided with standard pellets as their regular diet and
had unrestricted access to water (Ad libitum). To ensure
fairness and statistical significance, the rats were evenly
divided into five groups, with each group consisting of
six rats (n=6/group).
Group C: These rats received normal saline orally via
gavage for a period of 60 days.
Group W: Rats in this group were administered W.
somnifera extracts orally via gavage at a dose of 500
mg/kg/body weight, also for a duration of 60 days [18].
Group L: The rats in this group were subjected to oral
gavage of Levofloxacin at a dose of 10 mg/kg/body
weight for 60 days [11].
Group W+L: Prior to receiving Levofloxacin, the rats in
this group were pre-treated with W. somnifera extract at
a dose of 500 mg/kg orally via gavage, and
subsequently received Levofloxacin at a dose of 10
mg/kg via gavage for 60 days. Group L+W: In contrast
to the previous group, the rats in this group were first
administered Levofloxacin at a dose of 10 mg/kg orally
via gavage, and were later post-treated with W.
somnifera extract at a dose of 500 mg/kg/body weight
orally via gavage for 60 days.
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2.4. Estimation of TOS and SOD

The serum's total oxidant status (TOS) was
measured using an automated analyzer (Thermo
Scientific Multiskan FC, Waltham, MA) and Erel's
method [22]. The method involved oxidizing the ferrous
ion-o-dianisidine complex to the ferric ion in an acidic
medium, forming a colored complex with xylenol
orange. The color intensity —was measured
spectrophotometrically at 530 nm wavelengths and
correlated with the total amount of oxidant molecules in
the serum. Results were expressed in micromolar
hydrogen peroxide equivalent per liter (um H20»
Equiv./L) after calibration with hydrogen peroxide.
2.5. Sperm Parameters Study
2.5.1. The Sperm Concentration

The animals were sacrificed by anaesthetized
with chloroform, the epididymis was removed rapidly
after the animals had been dissected. The epididymal
sperm concentration was calculated according to [24] by
cutting the left epididymis into thin slices in a petri-dish
which contains 1ml of a normal saline (0.9% NacCl) to
release swim sperm. after 10 minutes a drop of a
homogenate was loaded on the improved Neubauer
hemocytometer and counted under the light microscope
(NOVEX, Euromex Co., Holland) a sperm count
following WHO [25] criteria.
2.5.2. Sperm Motility

The sperm motility analysis was carried out in
accordance with WHO guidelines [25]. Immediately the
sperm solution was put on a microscopic slide and
covered with a coverslip. Each animal had at least ten
microscopic fields examined to evaluate sperm motility.
The percentage of sperm motility was calculated for the
following: motile parameters: progressive motility, non-
progressive motility, and Immotile sperm [24].
2.5.3. Sperm Viability and Morphology

According to WHO [25] guidelines, eosin (1%)
and nigrosine (10%) (Merck, Germany) staining were
employed to assess sperm viability. One drop of sperm
suspension and two drops of 1% eosin were combined.
The mixture was then treated with two drops of
nigrosine. Thin smears were then produced and
examined under an oil immersion magnification. Live
sperm remained colorless, but dead sperm colored. A
total of 200 spermatozoa were characterized as normal,
double head, headless, amorphous head, coiled mid-
piece, coiled tail, bent tail, and cytoplasmic droplet in
each sample. Sperm viability and abnormality were
estimated as a percentage [24].
2.5.4. Quantitative Assessment of DNA Damage

The alkaline comet assay was used to
determine the level of DNA damage in sperm. The
method followed the protocol [26] with slight
modifications. The right Epididymis was removed, and
put in a test-tube which contains 1 ml a normal solution
(0.9% NacCl) and a 1pl of a homogenate was placed on
the improved Neubauer hemocytometer and counted.

The cell suspension about (5000-10000) cells were
combined and mixed with 1.2 ml low melting agarose
(0.5%) before spread out on a slide covered with normal
melting agarose (1%). The slides were then incubated in
cold lysis prepared immediately at 4°C (18—20 h) in the
dark, followed by alkaline buffer and electrophoresis for
25 min at a voltage of 0.6 VV/ cm. The slides were then
neutralized with 0.4 M Tris base. Then fixed in 100%
cold ethanol, and stained with a solution containing
SYBR green (1X diluted in PBS) for 20 min in the
refrigerator. After that, slides were rinsed with 500ml
distilled water to remove excess stain. The slides were
examined by the ZEISS Primo Star fluorescence
microscope in green light (Carl Zeiss, GmbH,
Deutschland) equipped with a digital camera connected
to the computer. The length of the comet tail was
measured by 100 DNA of cells in each sample that
were randomly analysed and scored for the tail intensity
(% DNA in tail) using comet score 2.0 software (Rex
Hoover, USA) [27].
2.6. Statistical Analysis

The values were represented as Mean =+
Standard Error SE and analyzed by one-way ANOVA
followed by Revised Least Significant Differences
(LSD). Using GraphPad Prism 9.5GraphPad ®
Software, CA, USA. The statistical significance was set
at P<0.05.

3. RESULTS AND DISCUSSION
3.1. The Oxidative Stress

The findings of the study demonstrate that the
use of Levofloxacin resulted in a significant elevate in
TOS (Total Oxidant Status) levels and a significant
lower in SOD (Superoxide Dismutase) levels when
compared with the control group. However, the
administration of WS extract in the L+W and W+L
groups exhibited a significant reduction (P<0.05) in
TOS levels compared with the L treatment alone.
Interestingly, the SOD levels in the W+L group did not
exhibit a significant change (P>0.05), whereas the L+W
group displayed a significant increase (P<0.05) when
compared with the L group, although it did not reach the
level observed in the Control group as it appeared in
Figures 1 and 2.
The Oxidative Stress (OS) play a significant role in the
pathophysiology of reproductive dysfunction and sperm
quality. In the present study, it was observed that rats
treated with Levofloxacin exhibited significantly higher
TOS levels compared with the control group, indicating
elevated oxidative stress. Conversely, the SOD levels in
the Levofloxacin-treated group were found to be lower
than those in the control group, suggesting a reduction
in the body's antioxidant defense mechanism. Similar
findings showed that levofloxacin treatment caused a
significant elevation (P<0.05) in MDA and it
significantly reduced in SOD, CAT and GSH in the
animals that received oral levofloxacin (40mg/kg/day)
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for fourteen days [11]. Moreover, Olayinka et al. [8]
found that administering different doses of levofloxacin
(5mg/kg, 10mg/kg, 20mg/kg) caused oxidative stress in
the hepatic and renal tissues of rats. This led to
increased levels of MDA and reduced levels of GSH
and Vitamin C. In addition, the activities of antioxidant
enzymes such as SOD, CAT, and GST were decreased.
As a result of being treated with FQs, an unbalance
between oxidants and antioxidants increased the
formation of ROS, which in turn caused oxidative
stress. This is associated with pathogenic elements and
contributes to cellular deterioration. [28],[29],[30].
Moreover, it may result in mitochondrial dysfunction
and overproduction of ROS, leading to oxidative
damage to proteins, DNA, and phospholipids of
membranes [31]. Levofloxacin and WS extract co-
treatment result in decreased lipid peroxidation by
decreased TOS levels and increased SOD levels. WS
extract contains various Antioxidants compounds such
as fatty acid ester, essential amino acids, flavonoid,
phenolic compounds, and antioxidant activities
[19].[32].
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Figure 1. The effect of W. Somnifera and before/after
treated Levofloxacin on TOS. Data are presented as
mean = SE (n = 6). The Asterisks represent significance
differences from control: *(P<0.05), **(P<0.01),
***(P<0.001), ****(P<0.0001).
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Figure 2. The effect of W. Somnifera and before/after treated
Levofloxacin on SOD. Data are presented as mean + SE (n =
6). The Asterisks represent significance differences from
control: *(P<0.05), **(P<0.01), ***(P<0.001),
**%%(P<0.0001).

3.2. Sperm Parameters

The statistical analysis and means of various
sperm parameters across the five groups are presented
in Table 1. The table clearly indicates significant
differences (P<0.05) between the groups regarding
sperm concentration, motility (progressive, non-
progressive, immotile), viability, as well as morphology
(Normal, Head abnormal, and Tail abnormal). This
study observed significant decreases in various sperm
parameters, including motility, concentration, viability,
and morphology. In addition, it showed significant
increases in head and tail abnormality in the
Levofloxacin treated groups. This finding agrees with
previous studies that pointed out that FQs drugs
especially levofloxacin cause a significant reduction in
sperm count, vitality and motility [5,6]. The sperm
membrane is particularly vulnerable to free radical
attacks due to the substantial amount of polyunsaturated
fatty acids. Sperm viability and concentration can be
diminished because sperm membrane damage caused by
lipid peroxidation makes it lose its integrity [28].
Oxidative stress influences sperm motility by modifying
axoneme structure, resulting in sperm tail abnormalities
and decreased motility [33]. This study revealed a
significant increase in TOS in levofloxacin-treated rats,
which  would increase mitochondrial membrane
permeability, disrupting the respiratory chain and ATP
generation, as well as reduce phosphorylation of
axonemal proteins, decreasing sperm quality [34]. Our
results found a significant enhancement in baseline
sperm viability; morphology and motility after 60 days
of WS extract administration. This finding is in line with
other research that investigated the WS extract potential
benefits for male reproductive health. It has been
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demonstrated that WS extract possesses antioxidant
characteristics that can help protect sperm from damage
caused by oxidative stress [19],[20].

20 pm

Figure 3. Microscopic photographs showing the DNA damage
in rat sperm nuclei Fi shown by Comet assay. (a) Nucleus of
sperm from the control group. (b) Nucleus of sperm from the
W. sominifera treated group. (c) Nucleus of sperm from the
Levofloxacin-treated group. (d) Nucleus of sperm from
Levofloxacin + W. sominfera group. () Sperm nuclei from
W. sominfera + Levofloxacin group. (Scale bar 20 um. Dye:
SYBR Green).

This study aimed at examining the impact of
WS extract on DNA damage in rat sperm induced by
Levofloxacin, the researchers employed a comet assay
to evaluate genotoxicity. The results of this assay were
visually represented in Figure 3. It was observed that
the control group and the group treated with WS extract
exhibited intact nuclei of undamaged cells, as depicted

in Figure 3a and 3b, respectively. On the contrary, the
group treated with Levofloxacin displayed evident DNA
damage in the form of comet-like structures, as shown
in Figure 3c. In contrast, the group receiving a
combination of WS extract and Levofloxacin (W+L)
exhibited a low level of DNA damage within the cell
nuclei (Figure 3d). Similarly, the group receiving
Levofloxacin followed by WS extract (L+W) displayed
normal nuclei of undamaged cells (Figure 3e). It is
important to note that the administration of WS extract
alone did not cause any genotoxic effects on sperm.
Furthermore, the statistical analysis revealed that the
percentage of DNA in the comet tail was significantly
increased in the Levofloxacin-treated group compared
to the control group, indicating significant DNA
damage. Conversely, the WS extract -treated group
showed non-significant increases (P>0.05) in the
percentage of DNA in the tail. When WS extract was co-
administered with Levofloxacin, the group (W+L)
exhibited a non-significant reduction (P>0.05) in the
percentage of DNA in the comet tail, while the group
(L+W) displayed a significant reduction compared to
the Levofloxacin-treated group (Table 1). The results of
this study indicate that exposure to Levofloxacin led to
significant damage to rat sperm DNA, as demonstrated
by the comet assay. This damage was evidenced by the
appearance of comets in the nuclei of sperm cells.
Several studies have reported that levofloxacin, a
fluoroquinolone antibiotic, can induce Oxidative Stress
and damage in DNA of sperm cells [9],[35],[36]. For
instance, in a study by Al-Dujaily et al. [37], rats treated
with levofloxacin showed significant increases in sperm
DNA fragmentation, as measured by the sperm
chromatin structure assay, compared to control. Because
levofloxacin is a topoisomerase inhibitor, the current
study assumed that it limits the formation and ligation
of nicks in DNA, preventing protamination and, as a
result, causing internal DNA damage by restricting
repair and increasing sensitivity to damage [29],[36]. In
a study by Al-Soufi & Al-Rekabi [38], rats were given
different doses of levofloxacin (7.5mg/kg/bw and
15mg/kg/bw) orally for 2 or 4 weeks. There were no
significant differences in micronuclei assay and
chromosomal aberration among the groups. However,
after a period of thirty days, a significant decrease was
observed in both nuclear division index and mitotic
index values, and the comet assay showed a significant
reduction in both treated groups in comparison to the
control. The study concluded that levofloxacin is
cytotoxic but not genotoxic in male rats. However, co-
administration of WS extract with Levofloxacin resulted
in a reduction in DNA damage compared to
Levofloxacin alone. Based on the comprehensive
literature review, this study was the first to investigate
the effects of WS extract on improving the comet assay,
a test used to evaluate DNA damage in sperm. In recent
research, it has been discovered that taking WS extract
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can have positive effects on men's reproductive health.
Specifically, it has been found that ashwagandha extract
supplementation can boost important semen parameters
such as sperm viability, motility, and protection against
DNA damage [19]. These findings highlight the
potential of WS extract as a natural and beneficial
addition to support male fertility and overall
reproductive well-being. In addition, WS extract has
been suggested to enhance testosterone levels and
reduce stress and anxiety, which can have positive
effects on male fertility [39]. The beneficial impacts of
specific  medicinal herbs on specific sperm
characteristics can be attributed to their potent
antioxidant properties. This is particularly relevant in
the case of WS extract, as it contains essential
phytochemical components and antioxidant minerals
that contribute to its significance in addressing
infertility concerns [18]. These results highlight the
potential of WS extract as a promising therapeutic
option for mitigating the adverse effects of
Levofloxacin on sperm health.

TABLE 1. Result of Sperm Parameters in The Different
Groups.

Variables Group  Group Group Group Group

© W L W+L L+W
Concentration 152.17 158.0 7517+  117.67  120.83
(x106) +16.21 +8.30 8.14 +12.9 +11.35
AB B Cc D D
Progressive 56.9 74.9 26.0 40.6 42.2
(%) +0.63 +1.18 +0.78 +0.98 +0.55
A B C D D
Non- 28.9 17.2 32.6 38.2 37.9
progressive +1.14 +0.07 +0.52 +0.58 +1.10
(%) A B c D D
Immotile (%) 14.2 7.9 41.4 21.2 19.7
+1.23 +1.27 +0.70 +1.65 +1.11
A B C D D

Viability (%) 77.8 83.9 51.3 64.6 72.2
+1.12  +058  +0.87  +158  $0.90

A B C D E
Normal 82.0 85.8 60.8 76.1 79.3
morphology +0.65 +1.21 +0.56 +0.76 +0.61
(%) A B C D AD
Abnormal 6.4 5.2 20.6 11.3 75
Head (%) +0.66 +0.88 +1.15 +0.61 +0.24
AD A B C D
Abnormal Tail 11.4 8.9 18.6 12.4 13.0
(%) +0.51 +0.85 +0.72 +0.64 +0.69
A B C A A
DNA Damage 222 341 7.54 5.48 4.65
(Tail % DNA) +0.33 +0.98 +1.11 +0.96 +0.58
A AC B BC AC

-Data are presented as mean + SE (n=6). Deferent latter refer to
significant differences.

4. CONCLUTOIN & FUTURE STUDIES

In conclusion, the findings of this study
suggest that WS extract may possess a protective effect
against Levofloxacin-induced DNA damage in rat
sperm. However, it is important to conduct further
studies in this area to explore its full potential and
provide more insights. More research is needed to

understand how exactly this protection works and to
determine the optimal dosage and duration of both
levofloxacin and WS to use.
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The intention of this study was to determine the efficacy of Saccharomyces boulardii as a
biological catalyst.to generate silver nanoparticles using silver nitrate. Diffraction of X-rays (XRD)
.The atomic force microscope (AFM) was employed to investigate the surface traits of the produced
silver nanoparticles. According to the conclusions, silver nanoparticles with a standard crystalline size
of 14.25 nm, as determined by x-ray spectroscopy (xrd), may potentially be manufactured. The
Standard X-ray diffraction (XRD) chart for silver nanoparticles (JCPDS silver: 04-0783) revealed four
diffraction values at the two values: 38.6, 44.2, 64.2, and 77.3, which equate to 111, 200, 220, and 311
respectively. Additionally, the silver nitrate solution's color changed to brown with constant shaking
after being added to a solution of suspended S. boulardii, which proved that nanoparticles were formed.
The appearance of these peaks between the specific wavelength of silver nanoparticles, which ranges
between 200 and 800 nm, indicates the presence of nanoparticles. The results of the UV/Vis
Spectrophotometer revealed the emergence of three peak levels of absorption at 234, 355, and 488 nm
in wavelength. The outcomes also showed that silver nanoparticles' surface topography by atomic force

microscopy has a mean diameter of 49.61 nm.

1. INTRODUCTION

Medicinal plants and fungy are the major sources
of numerous valuable chemicals and drugs[1-6].
Medicinal plants have been discovered since prehistoric
times and they were wused in traditional medicine.
Hundreds of chemical components have been
synthesized from plants for using in combating insects,
fungi, diseases, and herbivorous mammals. Many
phytochemicals with proven or potential biological
activity have been known, but the fact that a single plant
possesses a large number of diverse chemical
substances makes the effect of using the whole plant
ineffective, and prevents the evaluation of the activities
related to these substances found in many plants in
precise scientific research aimed at determining their
effectiveness and safety it has been the basis of
treatment of various diseases [7-11].
According to [12], the term "nano" is Greek in
derivation and refers to an item that is one billionth (9—
10) of a meter in size. It also implies "dwarf" in this
context.
Groups of atoms between 1 and 100 nanometers in size
are referred to as nanoparticles, and the physical and
chemical characteristics of nanomaterials can differ

*Corresponding Author Institutional Email:
hadeelamooril989@gmail.com (Hadeel Amoori Abd Ali)

significantly from those of the same substance in a
greater mass form That is, it deals with atomic clusters
ranging from five atoms to a thousand atoms. These
dimensions are much smaller than the dimensions of
bacteria and a living cell. So far, this technology is not
specific to biology, but rather is concerned with the
properties of materials, and its fields vary widely from
semiconductors to completely modern methods based
on molecular self-assembly. This limitation in scale is
matched by a broadening of the nature of the materials
used, as nanotechnology deals with any phenomena or
structures at the nano-level. Such nanoscale phenomena
could involve quantum confinement that leads to new
electromagnetic and optical phenomena for matter
whose size is between the size of a molecule and the
visible size of a solid [13].

According to [14], nanoparticles are the essential
building blocks of nanotechnology. They are defined as
pieces with multiple dimensions , a size of 100
nanometers or fewer, and a number of characteristics
that differ from conventional size. Due to their excellent
conductivity to heat and electricity, chemically stable
nature, strong enzyme activity, and antibacterial
characteristics, silver nanoparticles have received
particular attention from researchers [15]. Due to its use
in industries as varied as medical treatment, coverings,
packaging, electronics, and biological technology, silver


mailto:%20hadeelamoori1989@gmail.com

First year 2024 ,Volume 1, Issue 3 PSIJK 67-71

nanoparticles (AgNPs) have attracted a lot of attention
[16].

For the aforementioned purposes, silver nanoparticles
can be used in several kinds of industries, including
clothing, wound care, and other sectors [17].

In general, there are various approaches to manufacture
silver nanoparticles: 1: Physical methods 2: Chemical
methods Biological modalities

The disadvantages of physicochemical synthesis
techniques include higher costs, energy consumption,
environmental toxicity, and unsuitability for biological
applications because they employ dangerous and toxic
substances that can lead to a variety of biohazards [18].
The use of hazardous chemicals during the manufacture
of silver nanoparticles (AgNPs) may restrict their use.
As a result, finding alternative agents that can reduce
silver salts to form nanoparticles without endangering
human health or the environment is crucial for science
Animal studies indicate that carbon nanotubes and
carbon nanofibers can cause pulmonary effects
including inflammation, granulomas, and pulmonary
fibrosis, and are of similar or greater potential when
compared with other known fibrogenic materials such
as silica, asbestos, and ultrafine black carbon. Some
studies in cells or animals have shown genotoxic or
carcinogenic effects, or systemic cardiovascular effects
from pulmonary exposure. Although the extent to which
data from animal studies may predict clinically
significant pulmonary effects in workers is unknown,
the toxicity demonstrated in short-term animal studies
suggests a need for preventative action for workers
exposed to these nanomaterials.

As an alternate to physical and chemical synthesis,
natural materials derived from terrestrial and marine
living organisms (microorganisms, animals, and plants )
were used to create nanoparticles. For the sake of the
aforementioned and in order to find alternative, safe,
non-harmful and inexpensive methods were used, The
objective of the research was to assess Saccharomyces
boulardii's efficiency in producing silver nanoparticles
[19].

2. MATERIALS AND METHODS

S. boulardii is wused in the biological
manufacture of silver nanoparticles. This investigation
looked at the viability of employing S. boulardii as a
biological catalyst to convert silver nitrate into silver
nanoparticles in the manner described below.

2.1. The S. Boulardii

The S. boulardii, were obtained from Al-
Ameen Center for Research and Advanced
Biotechnology in Al-Ataba Al-Alawiya - Najaf.
2.2. Development and Activation of S. Boulardii

Based to the manufacturer's instructions, solid
PDA medium was made by dissolving 39 g of powder
in 1 liter of distilled water, adjusting the pH to 7,
sterilizing in an autoclave at 121 °C and under 1
atmosphere for 15 minutes, then pouring into Petri
dishes. Bacterial culture was then performed on the
solid PDA medium, and the results were reported by
[20].

2.3. Preparation of S. Boulardii Solution

The yeast solution was created by putting 10
ml of deionized water into every Petri dish, harvesting
the yeast by scraping off the top layer with a sterile
razor, and then collecting the solution made up of the
yeast and deionized water in opaque cans until it was
used to create nanoparticles. This method was modified
slightly from [21].

2.4. Prepare a Silver Nitrate Solution [22]

Followed the method of preparing a silver
nitrate fluid with a concentration of 1 mM (0.169 mg)
and 2 mM (0.340 mg) of silver nitrate in 1 liter of
deionized water under dark conditions, covering the
glass beaker with commercial aluminum (silophone)
and keeping the solution. In a dark way until use.
E-Synthesis of silver nanoparticles mediated by the S.
boulardii for the purpose of producing silver
nanoparticles using yeast, [23] method was adopted
with a few modifications. To do this, 10 ml of the yeast
solution prepared as described in paragraph 3 was added
in drops to 90 ml of the silver nitrate solution prepared
as described in paragraph 4, and 30 minutes were spent
stirring the substance on a Magnatic. at a temperature of
35 °C. Once the color change was visible, which was
red, the procedure was complete.

3. RESULTS AND DISCUSSION

Evaluation of the effectiveness of S. boulardii
synthesis of silver nanoparticles .This investigation
examined the potential for employing S. boulardii as a
biological catalyst to create silver nanoparticles from
silver nitrate. After 120 hours, the hue gradually
changed to brown, indicating the production of silver
nanoparticles and the reduction of silver nitrate. The
reason for the color change can be explained by the role
of yeast, as well as the plant, in manufacturing
nanoparticles, as the yeast and plant absorb metal ions
from the environment or the solutions surrounding them
and convert these metal ions into the form of a nano-
sized element through enzymatic reduction, as indicated
by the change in color is due to the excitation of surface
plasmon vibrations in metal nanoparticles. Silver
nanoparticles show interesting optical properties that are
directly related to the surface plasmon resonance, which
depends greatly on the appearance of the nanoparticles.
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The rate of reduction and nanoparticle formation can be
further increased by increasing the incubation time
under experimentally controlled conditions. The reason
for the color change can be explained by the role of
yeast, as well as the plant, in manufacturing
nanoparticles, as the yeast and plant absorb

metal ions from the environment or the solutions
surrounding them and convert these metal ions into the
form of a nano-sized element through enzymatic
reduction . The change in color also indicates the
excitation of surface plasmon vibrations in metal
nanoparticles. Silver nanoparticles, the rate of reduction
and formation of nanoparticles can also be increased
further by increasing the incubation time under
experimentally controlled conditions, and thus the color
intensity increases with increasing reaction time.This
shows interesting optical properties that are directly
related to the surface plasmon resonance, which depend
greatly on the appearance of the nanoparticles. Thus, the
color intensity increases with increasing reaction time,
as illustrated in Figures. 1 and 2 .

Figure 1. The color change during the synthesis of silver
nanoparticles by the S. boulardii .A- Silver nitrate solution +
S. boulardii solution after 1 hour. B- Silver nitrate solution

only. C- Silver nitrate solution + S. boulardii solution after
120 hours.
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Figure 2. Different shapes and sizes of silver particles formed
by S. boulardii under a scanning electron microscope (SEM)
at a unit of measurement of 1 col.

4. CONCLUSIONS

The study proved that the possibility of
manufacturing silver nanoparticles from S. boulardii
.the outcomes also showed that silver nanoparticles'
surface topography by atomic force microscopy has a
mean diameter of 49.61 nm.

5. APPLICATIONS

In this study, male laboratory rats were used,
weighing between (140-160) grams, which were placed
in plastic cages and examined in the laboratory by the
veterinarian to ensure their safety, then they were given
food and water, and then the experiment was carried
out.
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Insulin resistance, glucose intolerance, fat deposition, dyslipidemia, and systemic
inflammation are all symptoms of type (2) diabetes (T2D). Giving to the Universal Diabetes
Confederation, millions of people worldwide will get diabetes. Genetic and environmental variables
play a character in the development of T2D. In this investigation, samples were taken from 40 healthy
women and 46 female patients with diabetes mellitus type 2. The serum levels of insulin, C-reactive
protein, and Human interleukin-6 were measured in all patients and control groups. The results
revealed that patient levels of these parameters were significantly more advanced than those in the

control group, but the P value was less than 0.001.

1. INTRODUCTION

The umbrella term diabetes mellitus (DM)
refers to a group of metabolic disorders brought on by
either excessive or inadequate insulin synthesis. It
typically presentes hyperglycemia and glucose
intolerance, in addition to disrupting the processes that
regulate the loading and enlistment of metabolic fuel
and producing abnormalities in the metabolism of
proteins, lipids, and carbohydrates [1].The International
Diabetes Federation (IDF) estimates that 4.2 million
individuals worldwide lost their lives to diabetes in
2019. Compared to the current 463 million, it is
predicted that 700 million people between the ages of
twenty and seventy will have diabetes by millions. The
main reason for the at least several billion US dollars
that were spent on healthcare in 2019 was diabetes [2].
Furthermore, gestational diabetes significantly increases
the patient's offspring’s genetic and environmental risk
of developing diabetes and obesity due to the
intrauterine diabetic environment. Financial statistics for
Type 2 Diabetes (T2DM) date back to 1990, and 95% of
all instances of diabetes reported in the US and
worldwide are on the rise [3]. The aging population,
urbanization, socioeconomic advancement,
consumption of more highly processed food, and a
decline in physical activity are some of the factors
behind the exponential expansion. Nearly half of those
with T2.DM are unaware that they have it because there

*Corresponding Author Institutional Email: rehab.j@uokerbala.edu.iq
(Rehab Jasim Mohmmed)

are not many symptoms or markers in the early stages of
the disorder.
Diabetes problems develop prior to a diagnosis being
confirmed due to undiagnosed symptoms [4]. Despite
the concerning prevalence of diabetes mellitus, around
193 million individuals lack a diagnosis. Many people
are unaware that they have the condition due to factors
such as a lack of symptoms or indicators and restricted
access to medical care [5].
Based on where it originated, the American Diabetes
Association (ADA) has divided diabetes mellitus into
the following categories:
The first is
-Type 1 autoimmune idiopathic diabetes (T1DM).
-Type 2 Diabetes Mellitus (T2DM).
- Different forms of diabetes, including gestational
diabetes mellitus (GDM) [6].
1.1. Diabetes Mellitus Type 2

Type 2 diabetes is the cause of 90-95 percent
of cases of diabetes. In the context of hyperinsulinemia,
which is characterized by both metabolic inefficiency
and insufficient insulin production to meet the body's
needs, insulin resistance leads to hyperglycemia [7].
Because of reduced insulin-mediated glucose uptake by
muscle and fat in peripheral tissues, inadequate hepatic
glucose output decrease, and ineffective fat-mediated
triglyceride uptake, insulin resistance must be fought
with increased insulin production [8]. The primary
symptoms of this condition are polyuria, polydipsia,
polyphagia, weight loss, fatigue, and eyes that seem far
from objects. If their chronic hyperglycemia is not
treated, diabetic patients may experience serious
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consequences [9].
the reasons for type 2 diabetes
For the past ten years, the sole significant element in
identifying the congenital etiology of type 2 diabetes
(T2DM) has been hypothesis-free genome-wide
association studies (GWAS). More than 100 related
genetic loci have been discovered using GWAS.
Overindulgence and idleness are indicators of excess
fat; genetic research has addressed this extensively.
Comprehensive evaluations of BMI and related metrics
indicate that among people of different descents, genes
with high expression of the central nervous system are
associated with general obesity [10].
1.2. Human Interleukin-6

Human interleukin-6 (IL-6) was once known
by a number of names, including interferon, 26 K factor,
B-cell stimulatory factor 2 [11], hybridoma growth
factor, plasmacytoma growth factor,
hepatocytestimulatory factor [12], hematopoietic factor,
and cytotoxic T-cell differentiation factor. The
biological activity linked to each name was tested using
the same protein. Nowadays, most people are aware of
the critical function IL-6 plays in several host defense
mechanisms, including immunological response, acute-
phase reactions, and hematopoiesis [13,14]. While 1L-6
does not seem to have much impact on the body's
"housekeeping™ duties, when combined with other
cytokines, it acts as the body's first line of defense
against tissue damage or infection [15]. The functional
pleiotropic effect of IL-6 has been shown, wherein.
The pathophysiology of IL-6 has been linked to a
number of diseases, including psoriasis, osteoporosis,
rheumatoid arthritis, multiple myeloma, meningeal
proliferative glomerulonephritis, AIDS, and Kaposi's
sarcoma [16, 17]. Given the connection between clinical
illnesses and abnormal 1L-6 production, there has been a
lot of interest in understanding the biochemical
pathways regulated by IL-6 and in developing
functional agonists and antagonists as potential
therapeutic drugs for the treatment of IL-6-associated
disorders [18]. Depending on the type of target cell, IL-
6 influences a variety of proliferative, differentiated, and
maturation events. The majority of cytokines and
growth factors involved in the immunohemopoietic
system share this functional pleiotropy [19].
There may be biological activities that overlap
(functional redundancy) or that these cytokines are
regulated at their receptors or along their intracellular
signal transduction pathways, given that a single cell
frequently reacts to several cytokines and growth factors
that cooperate. Additionally, it has been demonstrated
that several cytokines can function similarly or
identically on the same cell. Numerous cells spread
throughout the body create cytokines, which are distinct
from traditional hormones.
It is a widely accepted belief that the body can more

affordably produce pleiotropic biological effects by
acting locally on the same cytokine. It is commonly
known that the body can manufacture the same cytokine
and use it locally to produce pleiotropic biological
activity, more reasonably priced [20].
1.3. C.reactive Protein

An acute-phase protein called C-reactive
protein (CRP) is a marker for inflammation or infection.
When the level of blood protein falls below 10 mg/L,
the liver begins to produce the protein. CRP levels rise
quickly during the first six to eight hours of an
infectious or inflammatory disease and peak 48 hours
later at 350-400 mg/L [21]. CRP binds to Pepto
saccharides and polysaccharides found on bacteria,
parasites, and fungus in addition to the phosphocholine
produced on the surface of injured cells. The immune
system's classical complement cascade is triggered by
this binding, which modifies the activity of phagocytic
cells and strengthens the action of CRP in the
opsonization of harmful microbes, boosting pathogen
and living or dead cell opsonization by CRP, production
is a good indicator of disease activity since it reduces
when tissue damage or inflammation is treated [22].
Anemia, protein levels, red blood cell shape, patient
age, or sex have no effect on CRP levels. However, by
the conclusion of pregnancy, women usually have
greater CRP levels [23].
The iron of the body and vitamin A status have been
measured by serum ferritin, serum retinol, and other
acute-phase proteins, which have all been used to
compare the various levels of CRP in response to
inflammation or infection. In any viral or inflammatory
disease, serum ferritin levels increase along with a drop
in serum retinol levels. As a result, an inflammatory or
viral state could cause an overestimation whereas an
underestimating could take place [24].

2. METHOD

In this study, the first group included 46 female
patients with type 2 diabetes mellitus who were all between
the ages of 35 and 60; the control group included 40
healthy female patients. The patients were seen at Al-
Hussein Hospital in Kerbala. Name, age, weight, height,
other diseases, and duration were among the details
collected from patients and the control group in
questionnaires. Each participant in the groups had their
antecubital veins punctured with disposable sterile plastic
syringes to collect three milliliters of venous blood. The
blood samples were drawn into simple tubes without any
anticoagulant, and they were left in a 37°C water bath for
15 minutes to clot. To extract serum samples,
centrifugation was employed. Using a kit, the levels of
human Interleukin-6, high Sensitivity C-reactive protein,
and insulin were measured.
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3.RESULTS

The results of the study showed that, in contrast
to the control group, the patient group had considerably
higher concentrations of serum insulin, C-reactive protein,
and IL-6. Nevertheless, there was no significant difference
in age or BMI, as Table 1 illustrates.

TABLEL. Serum biomarkers in women patients with diabetes
type 2 and control subjects.

Parameter Subject Mean + SD P value

Age year Patients 38.50+9.12 NS
Control 36.08 + 8.55

BMI kg/m2 Patients 5522 +18.33 NS
Control 53.10 +15.70

Insulin ng/ml Patients 18.66 +4.22 <0.001
Control 380+1.71

C-reactive protein(  Patients 2.00+2.61 <0.001

mg/l) Control 0.52+0.33

Human IL-6  Patients 2.60+1.82 <0.001

(pg/ml) Control 1.32+0.95

Figure 1 shows the distribution of patients of diabetes
mellitus according to age (years) including (35-60 years).
Majority of patients (N=23, 58%) presented with age 46-60
years and 17 patients (42%) with age 35-45 years.

mlm2

Figure 1. Distribution of patients with diabetes mellitus according
to age (N=40).
1: patients of age 35-45 years 2: patients of age 46-60 years.

TABLE 2. Results of relation of age on parameters in women
patients and healthy women.

Parameter Subject number Mean + P
SD value

Insulin ng/ml 35-45 17 1788 = NS

years 23 423

46-60 1856 =+

years 331
C-reactive 35-45 17 210 + <
protein ( mg/l) years 23 0.74 0.001

46-60 341+

years 0.52

35-45 17 206 * <
Human IL-6 years 23 1.87 0.001
(pg/ml) 46-60 38 +

years 111

4. DISCUSSION

The results in Table 1 of our investigation are
explained by recent research showing a correlation
between obesity and the development of type 2 diabetes
(T2D) and greater amounts of IL-6, C-reactive proteins,
and intestinal symbiosis [25]. Because adipocytes produce
the essential CRP stimulators, tumor necrosis factor (TNF-
) and interleukin 6 (IL-6), high CRP levels have been
linked to excess body weight. Furthermore, it is known that
under healthy conditions, hepatocytes create substantially
less CRP than do T2DM patients, who have elevated levels
of inflammatory markers like CRP.
Elevated CRP levels are closely associated with endothelial
dysfunction, the synthesis of vasodilators, metabolic
syndrome, and vascular system disease. Furthermore,
insulin-based therapies may alter CRP levels in T2DM
patients [26]. CRP production may be triggered by a
number of metabolic and inflammatory factors, such as
high blood glucose, adipokines, and free fatty acid levels,
which are associated with the onset of type 2 diabetes.
Moreover, a high CRP level in individuals with diabetes is
a reliable indicator of vascular issues and the onset of
cardiovascular disease [27].
Moreover, numerous studies on humans and animals have
demonstrated connections between obesity and elevated
serum CRP levels, as well as the progression of insulin
resistance into type 2 diabetes. These findings provide
credence to the hypothesis that the inflammatory state
suggested by high CRP levels plays a major role in the
pathogenesis of type 2 diabetes. Numerous studies have
found a substantial positive correlation between elevated
CRP levels and the probability of acquiring type 2 diabetes
(28). However, when adjusting for a number of factors
known to cause type 2 diabetes, including obesity and
hyperinsulinemia, several studies fail to discover this
connection. Owing to the fact that obesity and elevated
body fat are significant risk factors for the development of
type 2 diabetes and they are associated with a higher risk of
inflammation and the advancement of insulin resistance
(29).
Age, obesity, and inactivity are probably the main factors
that affect the onset of type 2 diabetes. Long before the
clinical signs of type 2 diabetes appear, IR, which is
characterized by hyperinsulinemia and is commonly linked
to obesity, hypertension, and dyslipidemia, starts [30].
During  insulin  resistance  (IR), = compensatory
hyperinsulinemia keeps blood glucose levels normal. Yet,
cells lose their capacity to do so due to hypersecretion,
which causes hyperglycemia. Subclinical inflammation is a
key component of inflammatory response (IR), and there is
a positive link between IR and a number of inflammatory
markers, including CRP. The innate immune system also
produces serum amyloid A and fibrinogen in addition to
CRP, the amounts of which change noticeably in response
to inflammation, tissue injury, or infection. High
concentrations of fibrinogen, sialic acid, CRP, and other
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Low levels of albumin, transferrin, and serum amyloid A
have all been linked to an increased risk of type 2 diabetes
[31]. Inflammation of the adipose tissue and high levels of
TNF-, IL-6, and IL-1 in obese people are factors that
influence the onset and progression of type 2 diabetes.
According to some writers, TNF-inhibits Akt substrate and
increases  IL-18 synthesis, which  helps induce
inflammation (IR) in human skeletal muscle. Moreover,
TNF-reduces insulin-induced endothelial vasodilation and
glucose absorption. TNF- receptors also have an impact on
proteins that interfere with insulin signaling, trigger an
inflammatory response, and make it easier for the NF-B
pathway to activate [32].

However, in the liver and skeletal muscle tissues, IL-6
affects the production and activity of the insulin-degrading
enzyme, and the manipulation of this enzyme may be
connected to type 2 diabetes and obesity. In fact, a recent
meta-analysis found that IL-6 contributes to chronic
inflammation in people with T2DM. Because the general
population appears to be exposed to insufficient amounts
of IL-6, targeting the IL-6 pathway may not reduce the risk
of developing type 2 diabetes. Although there is some
evidence that CRP contributes to the microvascular effects
of diabetes, such as neuropathy, retinopathy, and
nephropathy, IL-6 is required for liver homeostasis [33].
Despite the fact that there is some evidence linking CRP to
the microvascular effects of diabetes, such as nephropathy,
retinopathy, and neuropathy. Elevated glucose levels may
lead to increased production of inflammatory factors such
TNF-, IL-6, and CRP, which may also cause microvascular
alterations. Serum HS-CRP is linked to the development of
diabetic neuropathy, one of the most prevalent effects of
diabetes. Still, in both male and female patients, peripheral
diabetic neuropathy symptoms and inflammation are
connected with endothelial dysfunction and elevated CRP
blood levels. It is assumed that in individuals with T2DM
peripheral neuropathy, increased CRP levels are positively
correlated with inflammatory grade [34]. Even though
these results provide new insight into the pathophysiology
of diabetes, further research is still needed to address
unresolved issues.

Animal studies have shown that CRP plays a critical role in
infections and inflammatory processes, and that it is
produced in response to monocytic mediators such as IL-1
and IL-6 during the acute phase of infections [35]. CRP
recognizes and attaches to specific polysaccharides in the
bacterial wall to opsonize infections. The complement
pathway is further triggered by this. Moreover, evidence
suggests that CRP contributes to both proliferative and
apoptotic processes by activating Fc receptors, which
causes proapoptotic and proinflammatory mediators to
produce cytokines. Male Sprague-Dawley rats given
streptozotocin show greater serum CRP levels than
untreated rats [36].

The antioxidant qualities of vitamin E, according to the
same investigators, significantly decreased CRP levels and

vascular issues in diabetic mice. A link between elevated
CRP levels and the development of type 2 diabetes has
been observed in certain human investigations, even after
adjusting for other variables such as obesity,
hyperinsulinemia, hypertriglyceridemia, and low HDL
cholesterol [37]. Additionally, middle-aged diabetic
women with elevated CRP levels have higher levels than
the group of healthy controls, as reported by Pradhan et al.
This finding raises the possibility that inflammation
contributes to the etiology of type 2 diabetes. Han et al.
also observed variations in the association between the
prevalence of T2DM and elevated CRP levels by sex. This
significant correlation may be explained by women's
higher fat content and distinct hormone profiles [38, 39].

In 44% of the patients, Magrinelli et al. found a significant
inverse relationship between serum IL-6 levels and
compound muscle action potentials as well as sensory
nerve action potentials. They argue that IL-6 plays a role in
peripheral nerve axonal damage [40]. According to the
study by Brazil, Lebro et al., there was a 19% occurrence
of self-reported diabetes among women up to the age of 60
in the United States and Canada between 2005 and 2008.
This study explains why the majority of women with type
2 diabetes between the ages of 46 and 60 were in the
second group and had higher levels of inflammatory
factors than the first group of female patients.

According to estimates, 26.9% of adults over 65 had
diabetes. Previous studies using occupational cohorts have
suggested that the self-rated health is mainly a reflection of
physical and mental health problems and, to a lesser
degree, of age, early life circumstances, family history,
sociodemographic  traits, psychosocial factors, and
behavior related to health. It was found that living alone
was linked to type 2 diabetes in men but not in women in a
population cohort comprising both sexes [42].

The results of the study by Lidfeldt et al. [43] may be
explained by the fact that women in Brazil who are most
likely to have type 2 diabetes are older and live with others
because they require care. It is also feasible that these
women are in worse health and have lower incomes than
other women. An rise in BMI between the ages of 20 and
30 was another factor that led to the onset of diabetes and
its effects on inflammatory variables. Studies have shown
that being obese or overweight when you are younger may
increase your risk of developing diabetes [44].

Kim et al. found that among women in the Diabetes
Prevention Program who were at high risk for the
condition, going through a normal menopause did not
increase their risk of developing diabetes. The lack of
correlation between menopausal state and diabetes risk
may be explained by the fact that the majority of women
were postmenopausal at the time the condition developed
[45]. The doctor's diagnosis report also established the age
at which diabetes first became apparent. Other levels of
aberrant glucose tolerance were not taken into account.



First year 2024 ,Volume 1, Issue 3 PSIJK 72-78

5. CONCLUSION

Human IL-6, C-reactive” protein, and type” 2

diabetes in women are strongly correlated.
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A study was conducted to determine the role of spasmin in some weight and histological
parameters of the livers of pregnant female rats and their fetuses on the nineteenth day of pregnancy.
The study was conducted at the College of Education for women at the University of Kufa for the
period from January 1- 2022, until June 15- 2022. After obtaining 8 pregnant rats, 4 of them were
dosed with a dose of the physiological solution. This group represented the control (G1), while 4
pregnant female rats were dosed with spasmin drug at a dose of (0.48 mg/kg/body weight) (G2) for 19
days. The pregnant rats in the control group were (12) weeks old and weighed (231) grams, while the
pregnant animals in the group treated with spasmin were (11) weeks old and weighed (230) grams.

The results of the study recorded a significant decrease (P < 0.05) in the liver weights of both pregnant
animals and their fetuses in groups of rats treated with spasmin. The results also showed that treating
rats with spasmin until the nineteenth day of pregnancy led to histopathological and abnormal changes
in liver tissue such as damage to the central vein wall, hepatocyte necrosis, sinusoidal expansion,
hepatic tissue necrosis and inflammatory cell infiltration in pregnant rats and their fetuses compared to
pregnant rats and their fetuses in control groups during pregnancy on the nineteenth day.

The study concludes that the treatment with spasming drug reduced the weight of pregnants and
embryos’ liver of embryos and also caused various histopathological changes in the structure of the

livers of the pregnant rats and their embryos during the 19th day of gestation.

1. INTRODUCTION

Medical drugs are prescribed for the treatment
of many diseases, as each drug has a therapeutic effect
for different diseases but these drugs may cause many
side effects that may be mild in some or severe in other
types of them which affect many body systems. Since
the wrong and unauthorized use of drugs induces
dangerous and threatening effects on humans[1,2], some
studies have pointed to that different drugs may pass
through the placenta from the mother to the embryo
during the differen stages of gestation causing harmful
effects in the body systems of pregnant women and their
embryos alike.This happens because these drugs when
they enter the body the pharmacological action is not
limited to the affected organs but they cause harmful
effects on the healthy organs of the body as well when
they are present in them.This is due to the fact that they
stimulate disorders in their metabolic functions [3,4], as
these drugs have the ability to stimulate congenital
disorders in embryos during gestation and newborns
after birth and even adults alike.This may cause death
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and for this reason many drugs are prepared during the
different stages of gestation to ensure the safety of these
medical drugs as the stage of gestation is critical for
mothers as well as embryos [5]. The spasmine
medication is classified as a p-methoxybenzoic acid
derivative and it is commonly used to treat
gastrointestinal disorders. Specifically, it functions as an
antispasmodic to alleviate symptoms associated with
chronic irritable colon , colitis of spastic and mucous
and irritable bowel syndrome, and spastic constipation.
Its mechanism of action involves direct sedation and
muscle relaxation of the smooth muscles within the
digestive system, thereby reducing painful cramps.
Additionally, Spasmine is effective in treating
accompanying symptoms of irritable bowel syndrome,
including intestinal colic, flatulence, diarrhoea,
constipation, and the passage of small, hard stools. The
exact mechanism of action of this drug is still unknown
but it is considered one of the santispasmodic effect
through its direct activity on a smooth muscles of the
digestive system .This causes these muscles to relax
without impacting the normal bowel movement and
several mechanisms are postulated to construe the
action of spasmine on the digestive system .The most
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important one is that the inhibition of receptors for
acetylcholine, alters in the process for water absorption,
reduced permeability of ion channels, local anesthetic
effects in addition to the reuptake inhibitor of
norepinephrine [8,9]. Spasmine drugs come in multiple
forms such as oral capsules and pills in addition to oral
liquid [10].The efficiency of this drug begins about an
hour after taking it and the patient feels the
disappearance of pathological symptoms after (1-3)
hours of implementing the drug.However, this period
may increase depending on the health status of patients
[11]. Spasmine drug is like any other drug whose use is
supported by some side effects like as loss of appetite,
dry mouth, skin irritation headache, insomnia,
depression, heartburn, indigestion, difficulty sleeping,
diarrhoea, feeling unwell and tired, slow heartbeat,
immune system disorders such as allergic responses
causing hypersensitivity which appear in the form of
skin rashes, urticaria and facial edema.Taking this drug
with other drugs or certain meals may cause interactions
that may reduce the effectiveness of the drugs used as
the effectiveness of one drug might reduce the
effectiveness of the other drug or may affect the
patient's health [12,13]. The purpose of the study is due
to the lack of research and studies on the impact of
spasming on the tissue of the liver during pregnancy.
That is, the present study investigates the  potential
impact of spasming drugs on weights as well as
histological structures of the livers of pregnant rats and
their embryos for gestation of nineteenth day.

2. MATERIALS AND METHODS

2.1. Study Animals

White female of rat animals from species
Rattus rattus with ages ( 12 weeks )and weights (2319)
were used, along with white male of rats from same
species in a typical ages ( 11 weeks )and a weights (229
g). These animals were obtained to the College of
Sciences / University of Kufa, and both sexes were
housed in plastic cages with identical ventilation,
temperature, and lighting conditions.

2.2. Drug Dose

Spasmin was administered in pill form at a
dose of 100 mg. The concentration for the study was
adjusted based on the weight of the animals and then
administered to pregnant rats.

2.3. Pregnant Rats

To obtain pregnant female rats, a single adult
female rat was placed with one fertile male rat in every
pairing up a cage in the evening, and the animals were
left overnight. The following morning, the female rats
were tested for seeing the vaginal plug in the female's

vagina or in cage and as depicted in Figure A .It was
determined that gestation had occurred based on the
presence of the vaginal plug, which was thought about
the zero-day of gestation. [14]

Figure A. (VP)Vaginal Plugs

2.4. Experiment Design

This study's main experiment was designed to
examine the probable side impacts of spasmine on
weights and tissue modifications of livers in embryos
and pregnant rat animals treated of this drug during
gestation for 19th day. After mating male and female
rats and obtaining pregnant rats, 8 pregnant rats:4 of
them as control group (G1) and 4 of pregnant female
rats were given in spasming drug at the dose of (0.48
mg/kg / b.w.) (G2) by peritoneal intramembranous
injection at the rate of one injection per day for 19 days
of gestation.

2.5. Pregnant Rats Dissection

Pregnant rats were annotated on the 20th day
of gestation after being anesthetized with chloroformthe
pregnant rodents were pinned to a dissection dish before
the abdominal cavity was cut opened with pointed
scissors. the livers of the pregnant rats were extracted
and washed with a physiological solution and dried with
filter paper. Their weight was measured by a normal
weight balance, the uterine horns containing the
embryos were also removed after removing the
connective tissue and the fatty substances attached to it.

2.6. Embryos Dissection

After pregnant female rats dissection during
gestation for 20th days, the two uterus horns and its
contents of the embryos, then two horns of the uterus
were opening by scissors to extract the embryos which
were washed with physiological solution and dried with
filter paper, then the embryos were anesthetized by
placing a quantity of chlorform in the cotton, after that
they were dissected by opening the cavity abdominal
and the livers were extracted from the body and their
weights were measured with a sensitive balance, then
embryo livers were preserved with formalin solution at
a concentration of 10% for 48 hours in order to prepare
them for histological sections.
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2.7. Histological Section of Livers of Pregnant
Rats and Embryos

During gestation for 19th days, tissue sections
of livers of pregnant animals and their embryos were
made using this method. [15]

2.8. Examination of Histological Liver Sections
Embryos

The sections of liver tissues of all pregnant rats
and their embryos during gestation for 19th days were
prepared.Then, these tissue sections were examined and
photographed using a MEIJT light microtope equipped
with a samsung imaging camera installed on the
microscope and on the powers (10X and 40X)
respectively.

2.9, Statistically Data Analysis

The studied data were calculated by using the
statistical system (SPSS) for version 21. Values were
mean * standard error and (P<0.05) was a probability
level used in this study to extract the least significant
diffefences (LSD) for determining the significant
differences among the groups. [16]

3. RESULTS AND DISCUSSION

Results of the study revealed a significant
decrease at the probability level (P<0.05) in the liver
weights of pregnant rats and embryos in the spasmine
drug-treated pregnant rat group during the 19th day of
gestation respectively when compared with the pregnant
rat animals liver weights and embryos in group of
control in a day 19 of gestation as shown in Table 1 and
Table 2 respectively.Concerning the results of the
histological study of the livers of the embryos whose
mothers were handled with the spasmine drug,they
suffered from different pathological effects on its
histological structure. It was represented by the loss of
the general structure of the hepatic tissue which may be
a result of the lack of development and growth of a
hepatic tissue.The developed tissue can be observed
many pathological changes such as destruction of the
central vein wall, necrosis and degeneration of
hepatocyte, expanding of sinusoids, congestion and
necrosis of hepatic tissue , bleed clotting and
inflammatory cell infiltration as shown in the Figures
(2,3,4,6,7,8,9,10,11,12,13 and 14) respectively when
compared with the normal histological framework of the
livers of embryos in the control group, Figures (1,5) and
the examination results of histological sections of
pregnant rats livers in control animals throughout 19%"
day of gestationwhich did not show any abnormal
changes as shown in the Figures (15,19) respectively.
The histological results of sections of pregnant female
livers that were given with spasmin during the 19th day
of gestation demonstrated different histopathological

changes represented by expansion and destruction of the
central vein wall, necrosis and degeneration of
hepatocyte, widening of sinusoids, bleeding into hepatic
tissue and blockages , necrosis and damage of hepatic
tissue and inflammatory cell infiltration as in Figures
(16,17,18, 20,21,22,23,24,25 and 26) respectively.

In view of lack of sufficient researches of spasmine
drug effect on weights and structure of the various
organ tissues of the body especially the liver in pregnant
rats during gestationor or in embryos throughout the
different stages of gestation,these  results in this
research can be attributed to the fact that spasmine drug
caused the decrease in pregnant animal liver weights
and the embryos due to its toxic effect which stimulated
pathological effects on the histological structure of the
liver during gestation as a result of its induction of
programmed cell passing away (Apoptosis) and necrosis
in addition to the occurrence of degenerative changes in
it causing a destruction of the hepatic tissue and others
organ tissues of the rats and the failure of the
development and destruction of the liver tissue of
embryos causing decrease in the weight of the livers in
them .This is what the electricity study showed [17,18],
or it may be because that spasmine drug is the cause of
the destruction of various pregnant rats’ tissues,
especially the horns of the uterus and placenta leading
to a decrease of oxygen and various nutrients necessary
for growth to embryos during gestation which triggered
the destruction of different body tissues like livers and
its absence of their growth and low weights [19] .As for
the histopathological effects induced by the drug under
study in the liver tissues of pregnant rats and embryos
during nineteen days of gestation, it may be due to the
ability of spasmine drug on the generation of free
radicals in cells cells and organs of the body in general
and liver tissue cells particularly causing programmed
death of cells and necrosis thus destroying and
wrecking liver tissue [20] as the production of free
radicals, which are potent oxidising factors, stimulates
the oxidation process of lipids in cell membranes as
well as other essential macromolecules inside cells such
as nuclear acidic substances (DNA), proteins, and
others, causing oxidative stress to every part of the body
including cells of the liver tissue, which ultimately
results in necrosis of the cells for the various tissues and
thus destroys them.This may be attributed to the fact
that free radicals are effective oxidising factors [21] ,the
free oxygen radicals arising from various medical drugs
including spasmine plays a consequential role in the
breakdown in body organs , as they are strong oxidizing
agents for lipids in cell membranes causing their
destruction especially when there levels exceed normal
levels stimulating oxidative stress which leads to the
depletion for various self-antioxidants in the body that it
works to inhibit a activity of free radicals and stop their
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destructive action to the cells of various organs but
when the levels for free radicals exceed the levels of
antioxidants and the destructive action of cells as well
as tissues of these free radicals will increase stimulating
distinct histological impacts on the tissue structure of
the liver and other body systems in pregnant rats and
eggs in which the systems of the defense against
antioxidants is weak and that they are not developed to
counter the action of free radicals generated by the drug
when it passes from the mother to a embryo through the
placenta blood leading to oxidative destruction in the
fetal tissues and stimulating histopathological effects in
them [22, 23, 24], since these free radicals cause the
devastation of mother's tissues such as the uterus and
placenta and what they contain of blood vessels which
leads for a failure to reach the blood that provides
oxygen as well as other nutrients to the cells as a result
of necrosis and degeneration of the cells of these blood
vessels and as an result the tissue cells are exposed to a
lack of oxygen and nutrition necessary for cells to carry
out their various functions and these promote harmful
histological effects on body organs [24].

TABLE 1. Spasmine Effects on Embryos Liver Weights
During the 19t Day of Gestation.

Treatments weights (g)
M+SE
Control Group (G1) 0.150 + 0.002
Spasmin Drug Treated Group (G2) 0.071 + 0.005
LeasSignificant Difference (LSD) 0.350

TABLE 2. Spasmine effects on pregnant Rats’ liver weights
during 19t day of gestation.

Treatments weights ()
MzSE
Control Group (G1) 8.25+0.01
Spasmin Drug Treated Group (G2) 7.5040.04

LeasSignificant Difference (LSD) 0.20

Figure 1. A Cross-section of liver tissue of a rat fetus from a
control group: Hepatic tissue should have the following
normal structure: Central vein (C), sinusoids (S) (H & E -
stain, 10x).

Figure 2. A Cross-section of liver tissue from a rat fetus from
a dosed mother with spasmine. It shows: the following:
Necrosis of hepatic tissue (O), expansion of sinusoids (Sw),

and bleeding into hepatic tissue (B) (H & E

-stain, 10x).
b e

S

Figure 3. A Cross-section of liver tissue from a rat fetus from
a dosed mother with spasmine: Expansion of the sinusoids
(Sw), congestion into the hepatic tissue (B), and necrosis of
the hepatic tissue (O) (H & E- stain, 10x).

Figure 4. A Cross-section of liver tissue from a rat fetus from
a dosed mother with spasmine: A breakdown in the
fundamental architecture of the hepatic tissue, Widening of
sinusoids (Sw) and necrosis of liver tissue (O) (H & E -stain,
10x).

control group :Normal structure of hepatic tissue, showing the
central vein (C), sinusoids (S), and hepatic cells (H) (H & E-
stain, 40X).
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Flgure 6. A Cross sectlon of I|ver tissue from a rat fetus from
a dosed mother with spasmine::hepatocyte necrosis (N),
hepatocyte degeneration (G), sinusoids expanding (SW), and
necr05|s |nto hepatic tlssue (0) (H & E stain, 40X).

Figure 7. A Cross-section of liver tissue from a rat fetus from
a dosed mother with spasmine:Hepatocyte necrosis (N),
sinusoids broadening (SW), necrosis into hepatic tissue (O),
and congestlon mto central vein (B) (H & E- staln 40X).

Flgure 8. A Cross-section of liver tlssue from a rat fetus from
a dosed mother with spasmine :Hepatocyte necrosis (N),
sinusoids broadening (SW), necrosis into hepatic tissue (O),
and congestlon into central veln (B) (H & E- staln 40X)

Figure 9. A Cross-section of liver tissue from a rat fetus from
a dosed mother with spasmine::hepatocyte necrosis (N),
hepatocyte degeneration (G), sinusoids expanding (SW), and
congestion into the central vein (B) (H & E -stain, 40X).

Issue 3 PSIJK 79-87

Figure 10. A Cross-section of liver tissue from a rat fetus
from a dosed mother with spasmine: Hepatocyte necrosis (N),
hepatocyte degeneration (G), sinusoids expanding (SW),
necrosis into hepatic tissue (O), and inflammatory cell
infiltration (F) (H & E- stain, 40X).

Figure 11. A Cross-section of liver tissue from a rat fetus
from a dosed mother with spasmine: destruction of central
vein wall (D), (N), hepatocyte degeneration (G), sinusoids
hepatocyte necrosis widening (SW), necrosis into the hepatic
tissue (O), and congestion into the central vein (B) (H & E -

Flgure 12 . A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine: hepatocyte necrosis
(N), hepatocyte degeneration (G), sinusoids expanding (SW),
necrosis into hepatic tissue (O), and bleeding (B) (H & E-
stain, 40X)

Figure 13. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine :loss of the overall
structure of the hepatic tissue.Necrosis into hepatic tissue (O),
hepatocyte necrosis (N), hepatocyte degeneration (G), and
sinusoids expanding (SW) (H & E -stain, 40x ).
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Figure 14. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine: A breakdown in the
fundamental architecture of the liver's tissue: Hepatocyte
necrosis (N), sinusoids broadening (SW), necrosis into hepatic
tissue (O), and bleeding into hepatic tissue (B) (H & E -stain,
40x).

Figure 15 . A Cross-section of liver tissue of a rat fetus from
a control group: Normal structure of hepatic tissue, showing
sinusoids (S), central vein (C) (H & E -stain, 10x ).

Figure 16. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine :Destruction of the
wall of the central vein (D), sinusoids widding (Sw), necrosis
in hepatic tissue (O), and congestion in the central vein (B) (H
& E -stain, {Ox ).
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Figure 17. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine: Inflammatory cell
infiltration (F), necrosis in hepatic tissue (O), expansion of the
central vein (E) (H & E -stain, 10x).
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Figure 18. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine :Congestion in the
central vein (B) as a result of necrosis in the hepatic tissue (O)
and destruction of the central vein wall (D) (H & E- stain,
10x).
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Figu 19. A Cross-section of liver tissue of a rat fetus from a
control group: (H), central vein (C), sinuses (S), and hepatic
cells (H) are all visible in this cross slice of pregnant rat liver

from control group (H & E -stain, 40X).

Figure 20. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine: Hepatocyte necrosis
(N), hepatocyte degeneration (G), and sinusoids broadening
(SW) (H & E -stain, 40X).
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Figure 21. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine :hepatocyte necrosis
(N), destruction of central vein (D), sinusoids expanding (SW),
and congestion into the central vein (B) (H & E -stain, 40X).
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Figure 22. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine:Necrosis into hepatic
tissue (O), congestion in the central vein (B), Hepatocyte
necrosis (N), sinusoids widening (SW), hepatocyte necrosis
(N), and sinusoids widening (SW) (H & E -stain, 40X).

Figure 23. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine: destruction of the wall
of the central vein (D),Necrosis of hepatocytes (N), necrosis of
hepatic tissue (O), and congestion in the central vein (B) (H &
E -stain, 40X).
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Figure 24.A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine:Abnormalities
hepatocyte necrosis (N), hepatocyte degeneration (G),
sinusoids broadening (SW), and congestion into the central
vein (B) (H & E -stain, 40X).
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Figure 25. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine :Expansion and
destruction of the central vein wall (D), hepatocyte necrosis
(N), hepatocyte degeneration (G), necrosis into hepatic tissue
(0), sinusoids expanding (SW), and congestion into hepatic
vessles (B) ,Expansion and destruction of the central vein wall

Figure 26. A Cross-section of liver tissue from from a dosed
pregnant rat from dosed with spasmine :Hepatocyte necrosis
(N), necrosis into hepatic tissue (O), sinusoids expanding
(SW), congestion into hepatic vessle (B) (B), and
inflammatory cell infiltration (F) )(H & E -stain, 40X).
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