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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
Pure Sciences International Journal of Kerbala is an open-access, interdisciplinary, single-blind peer-reviewed
journal that consolidates research activities in the experimental and theoretical aspects of modern sciences. The
journal aims to make significant contributions to applied research and knowledge globally through the publication
of original high-quality research papers and review articles on recent advances and frontier achievements in

Biology, Mathematics, Chemistry, Physics, and Computer Science, as well as their related and subfields.

Scope of Research
The journal encompasses both fundamental and applied investigations across a wide range of interdisciplinary
topics. Articles of an interdisciplinary nature are particularly welcome. Any paper reporting scientifically accurate
and valuable research that adheres to accepted ethical and scientific publishing standards will be considered for

publication.

Publication Ethics

Pure Sciences International Journal of Kerbala is committed to upholding the highest standards of publication

ethics. We adhere to the principles and policies outlined by the Committee on Publication Ethics (COPE).

Duties of Editors

- Editors have full authority to reject or accept manuscripts.

- Editors maintain the confidentiality of submitted manuscripts under review until they are published.
- Editors preserve the anonymity of reviewers.

- Editors disclose and try to avoid any conflict of interest.

- Editors comment on ethical questions and possible misconduct raised by submissions.

Duties of Reviewers
- Reviewers assist the editorial board in making editorial decisions.

- Reviews should be conducted objectively, and observations should be formulated clearly with supporting
arguments.
- Reviewers should not consider manuscripts in which they have conflicts of interest.

- Reviewers should treat the manuscript as a confidential document.
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Duties of Authors

- The submitted manuscriptshould not be submitted to more than one journal forsimultaneous consideration.
- The submitted work should be original and should not have been published elsewhere.

- Authors should adhere to discipline-specific rules for acquiring, selecting, and processing data.

- Authors should properly cite all content referenced from other materials.

Research Involving Humans, Animals, and Plants

- Research involving humans must be conducted in accordance with the Declaration of Helsinki.

- Research involving animals must adhere to international, national, and institutional guidelines for the
humane treatment of animals.

- Studies on plants must be carried out within the guidelines provided by the authors> institution and national

or international regulations.

Consent for Publication
- Written informed consent must be obtained from individuals who are featured in the manuscript.

- The consent form must state that the details/images will be freely available on the internet.

Fundamental Errors in Published Works
- Authors are obligated to promptly notify the journal editor of any significant errors or inaccuracies in the

published work.

Plagiarism
- Plagiarism in any form constitutes a serious violation of publication ethics and is not acceptable.

- All submitted manuscripts are checked for plagiarism using professional plagiarism-checking software.

Complaints/Appeals
- All complaints, concerns, or appeals regarding authorship issues or the peer-review process should be
addressed to the Editor-in-Chief.

Conflicts of Interest/ Competing Interests

- Authors must disclose any conflicts of interest they may have with the publication of the manuscript.

Confidentiality
- A submitted manuscript is a confidential material.
- The journal will not disclose submitted manuscripts to anyone except individuals who partake in the

processing and preparation of the manuscript for publication.
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Misconduct
- Misconduct constitutes a violation of this editorial policy, journal policies, publication ethics, or any
applicable guidelines/policies specified by COPE, WAME, and ICMJE.

Correction and Retraction of Articles
- Corrections may be made to a published article with the authorization of the editor of the journal.

- When necessary, the retraction of articles will be done according to COPE retraction guidelines.
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ABSTRACT

Monkeypox virus (MPXV) is an emerging zoonotic pathogen under the Orthopoxvirus genus,
primarily found in Central and West Africa. It shares similarities with the variola virus, responsible for
smallpox, and causes symptoms such as fever, rash, and swollen lymph nodes. The virus spreads through
direct contact with infected animals, people, or contaminated objects. The recent rise in monkeypox
cases beyond its usual regions has raised global health concerns. Understanding its epidemiology,
clinical symptoms, and transmission is crucial for effective prevention and control. Research on vaccines
and treatments is essential to mitigate future outbreaks.Viral mutations play a significant role in the
evolution and behavior of MPXV, affecting transmission, virulence, and immune system interactions.
This review examines how genetic changes influence the virus’s spread, enhance its pathogenicity, and
alter immune responses. Mutations in surface proteins may improve viral attachment to host cells,
facilitating transmission. Additionally, changes in key viral genes can help evade immune detection,
leading to more severe outcomes. These mutations pose public health challenges, potentially reducing
vaccine and diagnostic effectiveness.Understanding the impact of viral mutations on monkeypox is
crucial for effective surveillance, prevention, and treatment strategies. This analysis emphasizes the
importance of continuous genomic monitoring to anticipate changes in monkeypox epidemiology and
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adapt public health responses accordingly.

DOI: 10.53851/psijk.v2.i7.10-15

1. INTRODUCTION

Belonging to the Orthopoxvirus genus of the Poxviridae
family, the Monkeypox virus (MPXV) was first
discovered in 1970 in a 9-month-old infant in the
Democratic Republic of the Congo. (Berche, 2022)
(Huang et al., 2022) (Reed et al., 2004) Interest in MPXV
resurged after the cessation of smallpox vaccinations in
the 1970s, (Likos et al., 2005) leading to increased
susceptibility (McCollum & Damon, 2014). The virus is
zoonotic, mainly found in rodents and small mammals,
with occasional spillovers to humans. Monkeypox
manifests through Elevated body temperature,
cephalalgia, and enlarged lymphatic glands (Letafati &
Sakhavarz, 2023) (Stanford et al., 2007) and a rash that
progresses to fluid-filled lesions (Moss, 2012) (Okyay et
al., 2022) .Although it is usually milder than smallpox, it
may result in complications such as pneumonia and
sepsis (Petersen et al., 2019). There is no specific
treatment, but smallpox vaccines provide partial
protection (Moss, 2013) (Tolonen et al., 2001) (World
Health Organization, 2022)

*Corresponding Author Institutional Email:
maha.j@uokerbala.edu.iqg (Maha Jassim Manshad)

Monkeypox is the organism which is categorized into
two genetic clades: the Central African clade, prevalent
in the Congo Basin and known for its greater virulence,
and the West African clade, which is correlated with a
less severe disease presentation (Reynolds & Damon,
2012) (Simpson et al., 2020). The virus spreads via
respiratory droplets, direct contact with

infected fluids, and contaminated surfaces. In the 2003
U.S (Bartlett, 2002) (Thornhill et al., 2022) outbreak,
infected prairie dogs were the primary source of human
infections, demonstrating its potential for transmission
across species (Di Giulio & Eckburg, 2004) (Kieser et al.,
2020) (Rao, 2022). The increasing human-to-human
transmission highlights the need for effective monitoring
and containment strategies (Vaccines, W.H.O., 2022)
(Afshar et al., 2022) (Kmiec & Kirchhoff, 2022).

The purpose of this review is to evaluate and consolidate
existing knowledge regarding the impact of genetic
mutations in the monkeypox virus (MPXV) on its
transmission dynamics. This involves investigating the
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molecular alterations noted in recent outbreaks, assessing
their influence on viral fitness, transmissibility, and
interactions with hosts, as well as considering the
implications for public health responses and future
surveillance initiatives.

2. GENOMIC CHARACTERIZATION OF MPXV
MPXYV is a double-stranded DNA virus with a genome
size of approximately 197 kilobases (Kmiec & Kirchhoff,
2022). It comprises a central region that is preserved,
bordered by variable terminal regions that encode
virulence factors. The genome contains inverted terminal
repeats, open reading frames, and genes linked to
immune evasion. Genetic diversity within MPXV
enhances its adaptability to new hosts and environments
(Beer & Rao, 2019) (Alakunle et al., 2020). The Central
African clade exhibits mutations that suppress T-cell
activation and inflammatory cytokine production,
leading to higher virulence. Studies show that the West
African clade has deletions in specific genes, correlating
with lower pathogenicity (Kugelman et al., 2014).
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Figure 1. This illustration presents the structural and genomic

attributes of the monkeypox virus (MPXV). (Kugelman et al.,
2014) .(A) The composition of MPXV consists of five unique
elements: Key elements consist of the core, the palisade layer,
the outer and inner membranes, surface tubules, and nucleic
acids, specifically DNA (Beer & Rao, 2019).

Electron microscopy reveals that MPXV particles are
large, brick-shaped, and contain essential enzymes for
transcription and replication. The virus exists in two
forms: mature virions (MVs) with a single membrane,
responsible for initial host attachment, and extracellular
enveloped virions (EVs), which aid in viral spread. These
structural characteristics impact the capability of a virus
to infect host entities while successfully evading immune
reactions. (Di Giulio & Eckburg, 2004) (Berthet et al.,
2021)

3. PATHOGENESIS AND IMMUNE RESPONS

MPXV infects hosts via respiratory droplets, direct
contact, or through skin lesions (Durski, 2018) (Doshi et
al., 2019) (Smith & Kotwa, 2002) .The virus enters
through mucosal surfaces, replicates in local tissues, and

spreads to lymph nodes, leading to systemic infection
(Alzhanova & Friih, 2010) (Realegeno et al., 2020)
(Weinstein et al., 2005).The incubation period ranges
from 7 to 21 days. During early infection, the virus
remains non-transmissible (Stanford et al., 2007) (Cann
et al., 2013) (Elwood, 1989)However, once symptoms
appear, particularly skin lesions, transmission risk
increases (Liu et al., 2005) (MacLeod et al., 2015).

cspuatory dropiets 4
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Figure 2. Recommended framework for understanding the
distribution the spread of the monkeypox virus throughout the
organism and its consequences. association with the modes of
transmission.

The immune system responds to MPXYV through humoral
and cellular mechanisms (Realegeno et al., 2017) (Karem
et al., 2007)Natural infection or vaccination induces IgM
and 1gG antibody production, promoting immunity (Shao
et al., 2009) (Zaeck et al., 2023) (Verreault et al., 2013).
CD4+ and CD8+ T cells also play a role in viral
clearance. Some studies suggest that smallpox
vaccination provides long-lasting immunity against
MPXYV, (Edghill-Smith et al., 2005) (Hammarlund et al.,
2008) though vaccine-derived immunity has declined
over time. Research indicates that the monkeypox virus
can persist in antigen-presenting cells, allowing
prolonged immune evasion (Hammarlund et al., 2003).

4. TRANSMISSION AND SYMPTOMS

Monkeypox is primarily zoonotic but can spread between
humans. Transmission occurs through contact with
infected animals (e.g., rodents, monkeys) or through
contaminated materials. The occurrence of human-to-
human transmission is relatively rare. It remains a
possibility through respiratory secretions, skin-to-skin
contact, and fomites (WHO, 2022)as shown in Figure (3)
(Islam et al., 2022).
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Figure 3. Symptoms resemble those of smallpox and include
fever, swollen lymph nodes, muscle aches, and rashes
(Reynolds et al., 2007). The rash develops in stages, starting
with macules, advancing to papules, and subsequently forming
Prior to this, the presence of vesicles, pustules, and scabs was
noted. healing. Children and immunocompromised individuals
are at higher risk of severe disease. (Reynolds et al., 2006)
(Huhn et al., 2005).

5.THE IMPACT OF FEAR ON MPXV TRANSMISSION
Public perception and fear influence the spread of
monkeypox (Islam et al., 2022) (Gross & Canteras, 2012)
(Mobbs et al., 2010).Psychological responses to
outbreaks can drive panic and misinformation (Davis et
al., 2010) (Schmidt-Sane et al., 2022) .Studies from
previous epidemics, such as COVID-19, show that fear
disproportionately  affects certain  demographics,
particularly healthcare workers and socially vulnerable
populations (Nimbi et al., 2023) (Fitzpatrick et al., 2020).
Media coverage plays a crucial role in shaping public
attitudes and adherence to preventive measures. Effective
risk communication, avoiding stigma, and promoting
accurate information are essential in controlling the
outbreak (Schmidt-Sane et al., 2022) (Nimbi et al., 2021).

6. FACTORS INFLUENCING MPXV TRANSMISSION
6.1 Ecological Sustainability

MPXV persists in the environment under specific
conditions (Breman et al., 1980) (Titanji et al., 2022)
.Studies indicate that the virus remains viable for weeks
on contaminated surfaces, particularly in low-
temperature, low-humidity settings (Pan et al., 2023)
(Hug, 1976) .PCR analyses of household and hospital
surfaces show MPXV DNA contamination (Verreault et
al., 2013) underscoring the need for stringent disinfection
practices (Pfeiffer, 2022).

6.2 Host and Viral Factors

MPXV is transmitted 1. Transmission occurs through
direct contact with lesions, via respiratory droplets, and
through other means.

2. The spread of infection can happen through direct
interaction with lesions, through respiratory droplets, and
by additional methods.

3. Infection can be transmitted through direct contact
with lesions, through respiratory droplets, and by various
other routes. contaminated surfaces (NOrz et al., 2022)
(Morgan et al.,, 2022) (Gould et al., 2022). Studies
suggest that the current outbreak strain exhibits higher
transmission rates due to mutations affecting viral
attachment and immune evasion (Chen et al., 2005)
(Weaver & lIsaacs, 2008). The 2022 outbreak primarily
have affected individuals identified as men and they have
sexual encounters with other men (MSM), (Mitja et al.,
2023) (Yinka-Ogunleye et al., 2019) (UK Health
Security Agency, 2022) suggesting transmission through
close physical contact, including sexual activity (Isidro et
al., 2022) (Kaler et al., 2022) (Pan et al., 2022).

6.3 Cross-Species Transmission and Human-to-
Human Transmission.

Animal reservoirs, including rodents and primates, play
a key role in maintaining MPXV circulation. Evidence
has emerged regarding the spread of illnesses from
humans to animal populations (Jezek et al., 1986)
(Vivancos et al., 2022)such as a case involving a dog in
France, indicates that infected pets could contribute to
viral spread (Hutson et al., 2009) (JeZek et al., 1988).
Additionally, It has been observed that transmission
occurs from the mother to the fetus. (Learned et al., 2005)
with severe outcomes such as fetal demise (Cudmore et
al., 1995) (Peir6-Mestres et al., 2022)

7. POPULATION DYNAMICS AND OUTBREAK
PATTERNS

Mathematical models suggest that MPXV transmission is
influenced by social and behavioral factors (Lapa et al.,
2022) Studies on sexual networks indicate that a small
group of highly connected individuals may drive
outbreaks, explaining the rapid spread within specific
communities (Lapa et al., 2022) (Parker & Buller, 2013).
Differences in median age and transmission dynamics
between outbreaks in Africa and recent global cases
suggest evolutionary changes in MPXV (Seang et al.,
2022).

8. CONCLUSION

Monkeypox continues to spread globally, presenting
challenges similar to COVID-19. Viral mutations play a
critical role in transmission, virulence, and immune
evasion. The ability of MPXV to adapt to new hosts
underscores the need for continuous genomic
surveillance. Understanding these mutations is essential
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for developing effective vaccines, treatments, and public
health interventions. Future research should focus on
monitoring viral evolution and improving outbreak
response strategies.
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1. INTRODUCTION

The research starts by assuming the class 2, which is the
set of all the analytic univalent functions that have the
following natural form:

f(2)=z+ ) az*. (1.1
; "

By fulfilling the normalized conditions f(0) =
0,f'(0) = 1, all of this is in the famous unit disc U =
{zeC|z| <1}

Now we will take a subclass €*of our original class such
that each function has the following form:

f(2)=z— Z a, z*, (a, = 0). (1.2)
k=n+1

Since the quantum derivative operator or Jackson
derivative operator plays an important and effective role
in this field of complex analysis, especially recently,
many researchers have used this operator in their research
and obtained important and interesting results such as
(Illafe, Mohd, Yousef, & Supramaniam, 2024) (Bangi,
2024) (Alsoboh & Oros, 2024) (Al-Rawashdeh, 2025)
(Abubaker, Matarneh, Khan, Suha, & Kamal, 2024)
(Delphi, 2024)

*Corresponding Author Institutional Email:
hazha hussain@su.edu.krd (Hazha Zirar Hussain)

Let us not forget that the first person who defined this
operator was Jackson in his researches (Jackson, 1905)
(Jackson, 1909) (Jackson, 1910a) (Jackson, Fukuda,
Dunn, et al., 1910b) where he studied the g calculation
and its applications in his researches.

Let us remember the definition of the involutional
product of two functions f defined by (1.1) and j defined
as follows:

j@) = z+ Zbk z¥, (1.3)
k=2

in class 2, it is symbolized by the symbol f * j and is
known as follows:

F*)@) = 72+ Zak bz~ (1.4)
k=2

Now I need to recall the concept of the g-number [{], as

follows:

1— g%
Kl = T4

q

, (1.5)
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if { is complex number, and
-1

[(lg=1+ Z q, (1.6)

if { = m is natural number.
Based on what we have mentioned [0], =0, on
condition 0 < g < 1.
Under the same condition we take the definition of the g-
factorial [k],! as

1 ifk=0

[k]q! = nk [m], if k€N

[$]qk! is also known as
1 ifk=0

[slok! = nﬁ_k_l[m]q ifkeN

and that is when s € {0, 1,2, ....}.

Likewise, Jackson's quantum derivative for a function
belonging to the class A under the same condition is
usually written in the following form:

f@) - flaz) .
o= a-wz U770
f'(@ ifz=0
it is certainly true when f'(z) exists.In addition we have:
(D)@ = (Dg(D)) (D). 1.7)

In Source No. [11], Ruscheweyh's g-derivative of a
function in the class U is defined in the following way:

S [C+ g
R%ff(z) :f(Z) * <Z+k=2[k—7{‘]’:!1 Zk>, ¢

> —1. (1.8)

More over, in the research in sources No. (Srivastava,
Wanas, & Srivastava, 2021) (Srivastava, Ahmad, Khan,
Khan, & Khan, 2019) the g integration operator for a
function in the class U was defined by:

Reif(2) + Roe(2)

=2(D,f (2)), ) (1.9)
-1 k]! K
R =z+ ) ——— 7k
o f(2) =z RZZ TER
> 2. (1.10)

A special case of it was studied in source No. (Noor,
1999) wheng — 1°.

The q integral operator Sg in source [13] was defined by
the following formula:

f(2) = f(Z) * Rq‘%f(Z)

_Z+Z a,z". (1.11)
(+1 q,k-1 i

The followmg relatlons are also true.

3@ = 2(Def@),  (112)
3f (@) = f(@. (1.13)

Now we come to the heart of the article, which is defining
our class as a first step, as follows:

Definition 1.1: If we determine or prove the conditions ,
{(>-1,0< g<1 ye C\{0},0<v<1 ¢p<1,in
the light of this, the functionf € A", is an element of the
class Sbg()(, ¢,v) if the following inequality is satisfied:

1( 22 (ng(Z))_
X\ 3f@

and don't forget that z is in the open unit disk.

< v, (1.14)

2. DISCUSSION OF THE EMERGING RESULTS
In this part of the article, we present and discuss the most
important results and facts that have been reached and
proven by first studying the characteristics and
determining the values of the coefficients in the
following theorem:

Theorem 2.1: The function f, which is formulated in the

form (1.2), is an element of the distinct class 335 . o,v)
if and only if the following condition is met:

([k]q = ¢ + vlxl) [K],!
Z T % S (-l
2.1)
that's when { > —-1,0< g<1, y€ C\{0},0< v <

1, ¢ <1
Proof: The first step to start the proof is to take f in the
defined class Sﬁg (x, ¢,v). So

20, (35 ()
3@
Let's take the quantity on the left side of the previous
equation and simplify it as follows:

zD, (ng(Z)) z — Yi=2[klq [y @, z"

- ¢ |> —vlxl (2.2)

— — (+1]qk 1 ) (23)
3./ () Z—= Yy {+1 akzk
Consequently,
0 [k]q k
(1= ¢)z— Xi-([K], — ¢) Az
:R, <+1]qk 1
¢ s ye My
k=2 [¢+1)qp-n
> —v|yl. (2.4)

Now we give the variable z only the real value, i.e. on the
real axis and approaching one from the left, and thus we
complete the proof of the first step.

The second step of the proof is to prove the fact that
inequality (2.1) is true and we start by taking
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7D, (3if@)

3@

(1= $)z = Tiea((Kly ~ @) gy e”
- L yo M .

— a
k=2141)gk-r ¥

(= ¢+ vixD (1= Zinalbly o= )
°e) [k]q
1= Bz, &
< 1— ¢+ vyl (2.5)
Here lies the importance of the maximum modulus
theorem in its application and obtaining that f is an
element of the distinct class 555 x, o, v).
Thus, we have successfully demonstrated the proof of the
theorem.
We note that for the extreme functions in the special class
355 (x, ¢, v), it can be written in the form:
) g AP VDR Ui,
([kle = & + vlxl) [K],!
> 2. (2.6)
That is, the theorem is sharp for them, and thus we obtain
the following clear result.
Corollary: If we take the function f, which has the
formula (1.2), in the special class .Sf)g ., o,v), its

coefficients satisfy the following condition:
(A= ¢+ vlxD [{+ gp-1

([k]q - ¢ + Ule) [k]ql
As we have previously noted, the extreme functions
achieve the equality condition for inequality (2.7).

Now we come to the main goal of this article, which is to
define a basic subclass of the class Sﬁg (x, @, v), by fixing
a finite number of coefficients of its functions defined in
the form (1.2), i.e. with a finite number of fixed
coefficients in the following form:

Definition 2.3: Let 55232 (x, ¢, v, T,n) be a subclass of the

distinct class 555 (x, @,v), each of its elements or rather
its functions, is written in the following form:

" (= ¢+ o) €+ gt

<

1

ay < k=2, (27)

T =2 2= g+ vl [
- Z a, z¥. (2.8)
k=m+1

The class 5;’)232()(, ¢,v,T,,) is equivalent to the class

Sjg()(, ¢,v) whent,,, = 1.

As we see in sources (Lashin, Badghaish, & Alshehri,
2024) (Maran, Juma, & Al-Saphory, 2025) (Al-Saleem,
2025) (Akyar, 2025) (Al-Hawary, Frasin, & Salah, 2025)

various classes of univalent functions that have the
property of negative coefficients and fixing a finite
number of them have been studied.This is an important
step in serving the development of geometric field in
mathematics, the queen of sciences.

From the series of results, we have the following
theorem.

Theorem 2.4: The function f of the form (1.2) is an

element of the class 55285()(, ¢, v, T,) if and only if the
following condition is met:
([kly— & + vixl) [k],!

[( + 1]q k-1 i

k=m+1

< (A-9¢+vixD (1

- irl) (2.9)

=2
Proof: We use the important fact in Theorem 2.1 . In
addition, we take

_ A=+ vlxD [(+ 1gr-1T

R (TR e D I
=2,3,..m (2.10)
to arrive at
N (1= ¢+ vlxD [ + Ugps
Z;lkzﬂ (ke — &+ vlx) Tkl
<1, (2.11)

which leads us to the proof of the theorem easily and
simply.

The result in the inequality (2.9) is strict for a function of
the form

f(@)
=2z
N g+ D €+ U
=2 ([l]q -+ Ule) [Ho!
= o D R4 a0 = Bm)

([klo = ¢ + vlxl) [k],
while the value of k starts from m + 1 and larger.
Corollary 2.5: If f is an element of the class
55235 (x, ¢, v, T), then its coefficients are met:

Qg
(A= ¢+ vlxD [+ 1]ge-1(1 —

([k]q - ¢ + Ule) [k]q'
as we mentioned when k > m + 1.
Let us pause for a moment and observe and test the

Xit2T1)

, (2.13)

convexity of the class 5%g (¢, ,v, t,,) by studying and
applying the convexity theories and thus stating and
proving the validity and truth of the opposite of the case,
all within proposal of the following theorem.
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Theorem 2.6: A function f is an element of the class
35235 (x, @, v, ty) if and only if it can be written in the
form

f@= ) mefi (214)
k=m
under the condition
Z =1 1,20 (2.15)
k=m
and take the functions
(@

. Z 1=+ vIxDI[¢+1],-1T A

2.16
L (U= ¢+ vlxl) [Uy! (2.16)

=z
~ i(l = G+ VD [+ Uamy
L ([, - ¢+ vlxl) 11!
_ A=+ vlxD [+ 11— X271)
([kle = & + vlxl) [K],!
for all values of k starting from m + 1 onwards.

Proof: First, we prove the first part by taking the function
f, which can be written as follows:

f@= ) mfe 2.18)
k=m
So, in other words, it can be written as
f(@

m

Z A=+ vlxD[{+ k1T i
L (M= ¢+ vixl) [0
~ i (= g+ ) €+ Uggen L= BT o
Wt ([kls = ¢ + vix]) [k],!
We call Theorem 2.4 and conclude the following
v (L= ¢+ D[S+ g a (L= BE, ) me
([kl; = ¢ + vixl) [k],!
([kl, — ¢ + vixl) [k],!
' [{+ gxr-1

= (1— Zrl>(1 — ¢+ vlxDA - np)
=2
< (1— Z‘Q)(l_ (0]

=2
+ v|x)), (2.20)

This gives us our desired goal, which is the truth that f

is an element of the class 55232 P, v, ).

To complete the proof, we come to the second part and

take f € 55232()(, ¢,v,7,,). Now since we are in

Corollary 2.6, we proved that:

=z

k=m+1

z¢, (2.17)

(494
1=+ vixD[{+ 1gr-1(1— X227

< , 2.21
([kl, — ¢ + vlxl) [k],! (221)
when k > m + 1.
Nk
([kls — ¢ + vlxl) [k],! 222)

T A=+ D+ e (1 — 21,10

We also put
Nm = (1 - Z 77k>-
k=m+1

Consequently, it can be written

fl2) = Z Nicfro
k=m

and once we complete the proof of this part, we have
completed the proof of the theorem.

The proof of the previous theorem lies in our ability to
determine the extreme points of the wonderful class
Sf)iBg (x, @,v, ) and thus study the properties of these
distinctive points. In fact , they are the same functions
shown in equations (2.16}) and (2.17) in the statement of
the theorem, which we will clearly shown in the
following result.

Theorem 2.7: The functions

fn(@)
L 11— ¢+ vlxD[{+ 117 , (2.23)
S ([, — ¢+ vixl) 11!
fr(2)
=Z
) i A- ¢+ vl [(+ Uyamt
S (U= o+ vl [y
= o D R4 g0 = BT o

([klo — ¢ + vixl) [k]!
for all values of k starting from m + 1 onwards, are
exactly the extreme points of the wonderful class

$B; (1, 9.V, Tm).

I would like to point out that I have noticed through my
review of previous research that some of them take the
summation from m to co when determining the extreme
points f(k), and this is wrong. At first I decided to point
out some of this research, but I eventually backed down
and wrote it as note only.

3. IDENTIFICATION OF Q-STARLIKE AND Q-
CONVEX REGIONS OF ORDER (0 ¥ <1)
FOR THE CHARACTERISTIC CLASS

9B (1, ¢, v, T,,) WITHIN THE UNIT DISK U

In this part of the article we show the regions where the
functions of the defined class 55585()(, b,v,1,,) are q-
starlike and g-curved in our attempt to derive and
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determine the radius of these regions shown in the
following two theorems.

Theorem 3.1: If we take the function f in the class
53232()(, ¢,Vv,Tn), it has a g-starlike property of order
Y(0 < P < 1) in the disk |z| < t*(x, @, v, T, ¥), and
v (x, P, v, T, YP) is the largest value that satisfies the

property
— o+ vlxDIC+ 1]
-1 1- z -1
Z([ 1 9)° W= ¢+ o)Wt
+ (1 — ¢+ vlxD[{+ 1] k-1 (1— 1=sz)([k]q

([k1g = ¢ + vixl) [k],!
<1-1y. (3.1
The extreme functions is

f@
=z

Ip + 1) rk*l

~ i(l = G+ VD [+ Uymy
~ ([Ug = ¢+ vlxl) [Uy!
(= ¢+ VD €+ Tgees (1=
([klo — ¢ + vixl) [k],
The theorem acquires the limiting property in it.
Proof: In order for the function f € 35235()(, bV, Tm)

have the g-starlike property of order (0 < ¥ < 1), we
start by taking the quantity

Z?iz Tl) Zk

(3.2)

zf'(2) 1|
f(@)
ol — 1], Pt e e = 1!
< ([t1g— ¢+ vlx1) [Ug! (3.3)
- Zm A=+ vlxD [(+1]g1-1T1 k-1 — e a,rk-1 T
([tla= &+ vlx1) [Ug! le=m-+1 %k
It must be
<1- 1p,

by settlng |z] < r,s0we have

— ¢+ vlxD [+ 1gam 4
-1 1-—
Z([ v 1= 9)° (0= ¢+ ol

+ Z (= 1], — P+ D
k=m+1
<1-1. (34)
By referring to Theorem 2.4, we have the important fact

ag
_ A=+ vixD IS+ 1gr-1(1 = X210k

([k]q - ¢ + Ule) [k]ql

that's when 1, = 0,231, < 1,k = 3.
We determine the value of k™ = k*(r) so that the
quantity
A=+ vlxD[¢+ 1]q,k*—1([k*]q

([k*]q - ¢ + Ule) [k*]q!
has its highest value by fixing the value of r in it.
After that we have

Z (lk =11, — ¥+ 1)apx*?

k=m+1

C= ¢+ virD [L+ Hoema (1 =
- (i

» 35)

1/)+)k*

~1.(3.6)

o) ([k], -

P+1) oy
¢+ lel) [k*],!

(3.7)

Finally, we have determined the region where the
functions in the class .5235 (x, @,v, t),) are g-starlike of
order Y(0 < ¥ < 1) which is |z| <7 (x,d,V, T, V),
prov1ded that

— ¢+ vlxD[{+ g,

l-1],+ 1—

Z([ b lp) (- o+ UIXI) (1!

. - ¢+ ol [§+ Ugper1 (1= T2, 1) ([K)g — ¥ + 1) e
([k1y = & + vixl) [k*1q!

<1-1y. (38

We can now determine the value of 1t"=

v (x, b, Vv, T, P) and the value of k*(x*) associated with

it by
m (1= ¢+ vlx) [[+1]g1-1T1
Pl =10+ 1- 9) (Itl— ¢+ vlxT) [1lg!
(1= @+ vlxD [{+1)g g7 g (1= T2 7)) (k7 lq— Y+1) L pr—q
(K Tq— 9+ vlxl) [~°],! '
Y. (3.9)
Which is the g-starlike radius of the functions in the class
$B; (1, 6V, Tm)-
Since the concepts of Y-starlike and 1-curvature radii are
related to each other.As we have found or defined the
first, it is natural to think about defining the region of the
Y -curvature in the unit disk U for the functions in our

r>~<l—1 +

<1-

special class 35235()(, ¢,v,T,,) by proposing the
following theorem:

Theorem 3.2: If we take the function f in the class
35235()(, ¢,v,T,,), it has a g-convex property of order
Y0 < Y <1)inthedisk |z]| <t™(x, b, v, T, V), and
™ (x, §,V, T, ) is the largest value that satisfies the

property
N (A= ¢+ oD [§+ gt
;[l]“(“_” MR (TN P T
+ A=+ vlxD I+ U111 - X, Tz)([k]q -
([k1g = ¢ + vixl) [k],!
<1-1. (3.10)
The extreme functions is

f (Z)

P+1) -

Z 1-¢+vixD[(+ 1]q,l—1Tl I

(g — ¢+ vixl) [
(1— ¢+ vlxD [{+ gk 1(1
([klg = & + vlxl) [K],!

The theorem acquires the limiting property
Proof: To prove the theorem, we take

2f"()| _

) F@
A= g+ vl I+ oamt

1.1 - —
[;H“([ Ut =)= o,

+ Z (K], [k — 1]qakrk‘1]/

k=m+1

Xt T)

z¥.(3.11)
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d+ vlxD [§+ 11T 1

m (1-
P_;m“(m—

¢+ vixl) [1!

kil[k]qakr’”] (3.12)
i[l]q([l -1, + 1
O
+k2;1m4m—1h—¢+1pﬂbl

<1-13y. (3.13)
We determine the value of k* = k*(¥r) so that the
quantity
(1= ¢+ vIxD [T + g1 ([k]q —
([k*]a = ¢ + vlxl) (k71!
has its highest value by fixing the value of r in it.
After that we have

Z [kl ([k = 1], — 9 + 1) arc

1p+)k*

k=m+1
A= o+ vl [+ 10 (- mt)(lkl,— ¥ +1) ot
- (k*]q— & + vlxl) [k*],!
(3.15)

Finally, we have determined the region where the
functions in the class 55235 (X, ¢, v, t,,) are g-convex of
order P(0 < P < 1) which is |z| <7 (x, P, Vv, T, V),

pr0V1ded that

— ¢+ vlxD[{+1]g-1m -1
Z[l] (=1 1= )% W= &+ vll) 11!
+ (1 — ¢+ vlxD) [+ Ugpe—a (1 = 2, 7)([K"], —

([eTq = ¢ + vlx) [k°]!

<1- 9. (3.16)
We can now determine the value of ™ =
™ (x, P, v, 7, YP) and the value of k*(r™) associated
with it by

Ip + 1) rk"—l

(1- ¢+UIX|) [C+1lqi-1Tt _sxl—1
Eallle(E = e+ 1= V) = = e &
(1= @+ vlxD [{+ g (- Zz_le)( V) ke g

([k*1q— P+ vix]) [k*1q!
v, (317)

which is the q-convex radius of the functions in the class

$BS (X, bV, Tn).

4. CONCLUSION

Using the g-integral operator that implicitly contain the
g-Ruscheweyh derivative, a new class of analytic
univalent functions has been defined.They are
distinguished by some of their finite negative invariant
coefficients, and their most interesting fundumental
geometric properties have been studied. In the future, the
study of geometric properties can be extended to include
other interesting properties. Researchers can also draw

1,(3.14)

inspiration from this work to study other distinct classes,
serving the field of geometry and complex analysis. The
results we have reached can also be studied and analyzed
on classes of multivalent functions.
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ABSTRACT

The point of this study was to find out if pomegranate (Punica granatum) peel powder
(PPP), could protect against liver oxidative stress caused by ethanol (E) in rats. We randomly divided
24 Wistar rats, weighing 190-250 g, into four groups 6 rats for each. The negative control group fed a
basic diet (pellet), the positive control (ethanolic) group was given 70% ethanol at a dose of 0.005 ml/g
to cause oxidative stress. Group III (E&PPP 50%) was orally treated with PPP 50% in addition to a
basal diet after one hour of dosing with 70% ethanol for 0.005 ml/g, and group IV (E&PPP 80%) was
orally treated with PPP 75% in addition to a basal diet after one hour of dosing with 70% ethanol for
0.005 ml/g. After 30 days, the rats were euthanized, and prior to this, blood samples were collected in
specialized tubes to isolate the serum for the intended tests. In the ethanolic group of rats, serum total
protein, globulin, albumin, AST, ALP, ALT, and MDA levels went up significantly, while glutathione
GSH levels went down significantly. PPP diminished ethanol-induced amounts of total protein,
globulin, albumin, AST, ALP, ALT, and MDA in treatment group E&PPP 80%, decreased less than
the ethanolic group in E&PPP 50%, compared to the control group. Consequently, the study shows that
PPP protects liver from ethanol's toxicity by scavenging free radicals and reducing ROS levels, thereby
mitigating hepatocyte damage.

DOI: 10.53851/psijk.v2.i7.23 -28

1. INTRODUCTION

The pomegranate, Punica
Punicaceae), is a delectable fruit
powerful antioxidant attributes.
extensively farmed for the

al,2019).It has an anti-ulcer activity (Abdulzahra A. & Al-
Salih, H. ,2022). Pomegranate flowers contain polyphenols
that can protect liver enzymes and prevent NAFLD.
Punicalagin, an ellagitannin, can reduce hyperlipidemia
and hepatic lipid accumulation in rats. Pomegranate
extracts have antioxidant, anti-inflammatory,

granatum (family:
recognized for its

P.granatum s
manufacturing  of

pomegranate juice. However, the pomegranate peel
powder (PPP), a byproduct of the pomegranate industry,
constitutes roughly 77% of the entire fruit(Hamed et
al.,2021) PP possesses elevated antioxidant levels
compared to pomegranate juice, indicating its potential
utility as a nutritional supplement in animal feed(Badawi
M. E.& Gomaa A. M, 2016). PPP has numerous natural
antioxidant components, including polyphenols and
polysaccharides(Ibrahium  M.,2010)( Bachoual R.et al.2011)
that yield antioxidative, anti-infective, antibacterial,
hepatoprotective, antiatherogenic, antidiarrheal, and
antimutagenic effects( El-Houseiny W. et al,2021). PPP
demonstrated anti-inflammatory and anti-atherogenic
properties relative to HFD controls( Salama A. A. et

*Corresponding Author Institutional Email:
mustafa.k@uokerbala.edu.ig (Mustafa K. Mushatet)

hypoglycemic, and  hepatoprotective  properties,
potentially aiding in the prevention and management of
NAFLD (Zamanian M. et al.,2023). Consumption of alcohol,
non-steroidal anti-inflammatory medications, tobacco, an
inadequate diet, and both physical and psychological
stress typically result in gastric ulcers (Ajibo D. et al. ,2023).
These factors may induce oxidative stress (Suzuki H. et
al.,2021) . Ethanol induces ulceration of the stomach
mucosa by generating highly deleterious free radicals
that act as necrotic agents( Ofusori A. et al., 2019) . Ethanol
disrupts stomach mucus secretion, modifies the
permeability of endothelial cells (mucosa), and
diminishes mucus production, rendering gastric mucosal
cells more susceptible to free radicals (Hossen M. et al.
,2021). Oxidative stress (OS) refers to the imbalance
between pro-oxidant processes induced by reactive
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oxygen species (ROS) and an organism's capacity to
mitigate their overproduction or manage the resultant
damage. Multiple studies have shown that increased
reactive oxygen species (ROS) production in
gastrointestinal illnesses leads to inflammation and
further enhances ROS synthesis ( Ghazizadeh H. et al.,2020)
(Caliri A. et al., 2021). The present work may provide a rapid
and secure method to mitigate oxidative stress induced
by high doses of ethanol in rats through the application
of three distinct quantities of pomegranate (Punica
granatum) peel powder (PPP).

2. MATERIALS AND METHODS
2.1. Peel Collection and Preparation

Pomegranate fruit was brought from local suq,
which lies in Karbala city. The pomegranate's external
part (husk) was collected, dried, grounded with an
electrical grinder, and then saved within 25 C + 2 for
later use.

2.2. Research Design and Methods

Twenty-four male growing albino rats (Rattus

norvegicus) aged between 8 - 10 weeks, weighing 190—
250 g was utilized for the study. The present study
sourced animals from the animal house at the College of
Pharmacy, University of Karbala. The procedure adheres
to the requirements set forth by the National Institutes of
Health (NIH), and the research design received approval
from the local committee. The animals are contained in
groups within enclosures, with unimpeded access to
sustenance and hydration. Following two-weeks
acclimatization period, the animals were partitioned into
three equal groups:

e  Group I (control) Animals of this group fed on basal
diet (pellet).

e  Group II (Ethanolic) 70% ethanol for 0.005 ml/g to
induce oxidative stress ( Beiranvand M. et al., 2021)(
Abdel-Kawi S. et al.,2023).

e  Group III (E&PPP 50%) was orally treated with PPP
30% in addition to basal diet ( Abd Elsabor R. et al.,
2018)( Hanani Z. et al.,2018) after one hour of dosing
with 70% ethanol for 0.005 ml/g.

e Group IV (E&PPP 80%) was orally treated with
PPP 75% in addition to basal diet, after one hour of
dosing with 70% ethanol for 0.005 ml/g.

Daily food consumption was documented,
while body weight was measured weekly. Upon the
conclusion of the experiment (30 days).

2.3. Data Analysis

All results are shown as the mean + standard
deviation. ANOVA was employed to assess the
statistical significance of the experimental data, with a
significance level of P < .05. We may utilize the Excel
2013 software as a quantitative tool to conduct this
statistical analysis.

3. RESULTS AND DISCUSSION
3.1. The Effects of Ethanol on the Biochemical
Parameter Levels

Table 1 showed significant differences in all
biochemical parameter levels, i.e., there was a significant
increase (P < 0.05) in all of (Total protein, Globulin,
Albumin, AST, ALP, ALT, MDA) in Ethanol group
compared to control and treatment E&PPP 30%, E&PPP
75% groups. While there was a significant decrease in
and GSH in Ethanol group compared to control and
treatment E&PPP 30%, E&PPP 75% groups, may be
altered by ethanol action in this group (Preedy V. et
al.,1988) This may be elucidated by the elevated levels
of ethanol-induced inflammation in the ethanol group
(Xu H. et al,2024) , Ethanol induces oxidative stress
through the generation of reactive oxygen species
(ROS)( Gugliandolo E. et al.,2021). It has a pivotal role in
various illnesses, including stomach ulcers (Yoo J. et al.,
2018) . Because of ethanol-induced hepatotoxicity (Yoo J.
et al, 2018), the AST level was increased in the ethanol
group compared to control, and increase level of ALP,
ALT in this group. It goes back to the same reason (Liu
Q. etal., 2024) (Arumugam M. K. et al., 2022).

ALT is predominantly located in non-
mitochondrial regions of liver cells, whereas roughly
80% of AST is in the mitochondria of liver cells.
Damage to liver cells releases ALT and AST into the
serum, leading to an increase in serum AST and ALT
levels. The invasion of cancer cells damages normal
liver cells in liver cancer patients, leading to a rise in
ALT and AST levels (Yang J., 2010). Ethanol induced
oxidative stress (Jedidi S. et al., 2022), and destroyed
mitochondria (Zhao H. et al.,, 2021).Therefore, it
decreases the hepatic GSH and SOD (Schlorff E. et al.,
1999), in addition to increasing hepatic MDA leve
(Alsaif M. A., 2007) there for the levels of GSH in the
second group reduced to 14.10 + 0.30 compared to
normal level in the control group 16.78 + 0.40.
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Table 1. The values are evidently average + SD value, n =
6 in each group, * show the difference in statistics. With a
control group, ® statistical disparity according to CRG
group, (P <0.05).

E&PPP E&PPP

Parameters Control Ethanol 50% 759,
Total protein 05.85 + 08.11 + 07.50 + 06.28 +

(mg/dL) 0.20 0.14* 0.10* 0.12°
Globulin 01.83 + 03.05 + 02.49 + 02.02 +

(mg/dL) 0.10 0.10* 0.30* 0.15°
Albumin 04.02 + 06.56 + 05.02 + 04.27 +

(mg/dL) 0.50 0.20* 0.40° 0.33°
4530 + 65.00 56.00 = 46.50 +

AST (W) 0.40 0.80* 0.60%° 0.80°
20.60+ 32.00+ 28.00+ 21.90 +

ALP (L) 0.50 0.40° 0.45°° 0.70°
21.00 £ 2420 + 22.50 + 20.50 +

ALT (WL) 0.40 0.30* 0.40°° 0.50°
16.78 + 14.10 + 16.90 + 16.10 =

GSH (/L) 0.40 0.30* 0.10%° 0.40°
04.30 + 09.50 = 06.50 = 05.20

MDA (L) 1.33 1.60* 1.00° 1.30°

3.2. The Effects of E&PPP on the Total Protein,
Globulin, and Albumin Levels

Table 1 showed significant differences decrease
(P > 0.05) in all of Total protein, Globulin and Albumin
in E&PPP 75% group compare to E&PPP 30% group
and ethanol groups, and no significant differences in
E&PPP 75% group compare to the control group.
Perhaps the reason is due to the effect of the high
concentration of food containing pomegranate peels,
which in turn contain many effective antioxidants and
anti-ethanol substances such as gallic acid, ellagic acid,
punicalagin, luteolin, catechin, rutin, hydrobenzoic acid,
quercetin, punicalins) and caffeic acid (Mahmood A. M.
& Jabar H. L., 2023).

Continuous exposure of the liver to a specific
quantity of ethanol prompts hepatocytes to progressively
release proteins (Vildhede A. et al., 2015) to mitigate the
effects of ethanol or other oxidizing agents encountered,
because of hepatocytes play a pivotal role in liver
inflammation (Gong J. et al., 2023) Consequently, the
concentrations of total serum proteins, globulin, and
albumin elevate, mirroring the increases observed in the
ethanol group (Niemeld O., 2001) . In the in E&PPP
30% and in E&PPP 75% groups, pomegranate peel
powder effectively restored the usual amounts of these
proteins, aiming to rehabilitate liver functions
(Faddladdeen K. A. & Ojaimi A. A., 2019)
Consequently, we observed that the PPP 30% group,
administered pomegranate powder at a concentration of
30%, could not restore normal liver functions, in contrast
to the PPP 80%group, which received a greater
concentration of 75%. The data unequivocally
demonstrated a reduction in the concentration of total
proteins, albumin, and globulin.

3.3. The Effects Of E&PPP on the AST, ALT, ALP
Levels

Table 1 showed significant differences decrease
(P > 0.05) in all of AST, ALT and ALP in E&PPP 75%
group compare to E&PPP 30% group and ethanol
groups, and no significant differences in E&PPP 75%
group compare to the control group. AST, ALP and
ALT, are important biomarkers of liver function
(Akanya O. H. et al., 2015). The levels of these enzymes
rise significantly when the liver is exposed to
inflammatory substances such as sebastin (Palipoch S. &
Punsawad C., 2013), CCL4 (Kostic T. et al., 2022), and
ethanol (Heiseth G. et al., 2022) After giving ethanol to
the ethanol group, we saw that the levels of these
enzymes went up, while they went down in the PPP 30%
and 80% treatment groups. Still, the higher amount of
pomegranate peels in the fourth group (PPP 80%) had a
big effect on getting protein levels back to normal. ALT
is an enzyme typically found in hepatic and cardiac cells.
Elevated ALT levels in the blood indicate liver or
cardiac impairment when either organ is compromised.
In hepatocellular damage, enzymes typically found in the
cytosol are liberated into the bloodstream.  Their
presence in plasma serves as valuable indicators for
assessing the degree and nature of hepatocellular injury
(Pari L. & Murugan P., 2004).

We use ALT and AST to assess the
hepatocellular integrity of liver tissue. ALT is mostly
located in the liver, whereas AST is typically present in
comparable concentrations in the liver, heart, muscle,
kidney, and brain. Consequently, ALT exhibits more
specificity for the liver compared to AST. The normal
range for both ALT and AST in humans is 25 U/L to 50
U/L (Dollah M. A. et al., 2013). ALP increase by ethanol
according to the table , Ethanol exposure results in
alcoholic fatty liver, inflammation, necrosis, fibrosis and
cirrhosis (Rostami H. et al., 2020) , Alkaline phosphatase
(ALP) is a principal liver enzyme and a significant
indicator of hepatic physiological health (Xue M. et al.,
2017). In 1920, it was discovered that this enzyme
elevated in hepatic disorders (Kaneko J. J. et al., 2018) .
Alkaline phosphatase (EC3.1.3.1) facilitates the
hydrolysis of organic phosphates, including proteins,
nucleotides, and alkaloids, in an alkaline environment.
The enzyme exists in several forms inside the
bloodstream. It is also prevalent in the liver and bones
(Fischbach F. & Zawta B., 1992) . It is important to
know that pharmaceutical drugs, like vitamin E and
corticosteroids, which are often anti-inflammatory and
antioxidant, are often used to treat liver damage caused
by drinking too much alcohol. However, using them for
too long or in the wrong Excessive quantities may lead
to complications. A high intake of vitamin E elevates the
hazard of prostate cancer in men (Klein E. et al., 2012).
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3.4. The Effects of E&PPP on the GSH and MDA
Levels

The alterations in GSH content across various
groups are presented in Table 1, demonstrating that rats
treated Ethanol alone demonstrated a substantial
decrease in plasma glutathione (GSH) levels. = PPP
supplementation elevated plasma glutathione levels.
This outcome corresponds with that of (Ashoush I. S. et
al., 2013) and (Oh S. L. et al., 1998) (Xue M. et al,,
2022) . Glutathione (GSH) is essential for the
detoxification of xenobiotics and the maintenance of
cellular redox balance (Georgiou-Siafis S. K. &
Tsiftsoglou A. S., 2023) . A decrease at the cellular level
is often viewed as a sign of oxidative stress. It is clear
that this lower level of this natural antioxidant is linked
to oxidative stress caused by ethanol, which is shown by
the production of harmful acetaldehyde and other
reactive molecules inside the cell. The observed increase
in GST activity seems to be a planned response aimed at
blocking the harmful byproducts produced during the
metabolism of ethanol (Macdonald I. O. et al., 2010) .
PPP, an agricultural by-product with bioactive
polyphenols, to prevent oxidative stress-related
pathogenesis (Al-Gubory K. H. et al., 2010). The effect
of the PPP in the two treatment groups (E&PPP 80% and
E&PPP 30%) was apparent, with an increase in GSH
levels in the lower concentration group E&PPP 30%.
However, the significant differences removed in the
higher concentration group E&PPP 30% compared to the
control group.

The significant increase (09.50 = 1.60) in MDI
in the ethanol group compared to the control group was
due to high concentration and continuous ethanol dosing
(Aggul A. G. et al., 2022). This elevation was due to a
rise in oxidants, which then increased free radicals
caused by ethanol-damaged liver cells [15]. Research
demonstrates that ethanol can provoke lipid peroxidation
in cellular membranes via the generation of reactive
oxygen species (ROS), resulting in cellular damage
(Arthur I., 2001) . The treatment group with the lower
concentration E&PPP 30% endeavored to diminish these
oxidants utilizing PPP 06.50 + 1.00. However, it appears
that the brief treatment duration and the low PPP
concentration precluded the restoration of normal levels
of this substance in comparison to the treatment group
with the higher concentration E&PPP 80%, which
successfully reinstated normal levels 05.20 + 1.30,
exhibiting no significant differences from the control
group 04.30 = 1.33. Without a doubt, the results reveal
that PPP therapy improves the antioxidant defense
system when ethanol causes oxidative damage (Kumar
D.etal., 2013)

4. CONCLUSION

The findings indicate that the mechanisms
contributing to heightened oxidative stress following
ethanol ingestion encompass the excessive generation of
free radicals, a decrease in endogenous antioxidants, and
an elevation in MDA release. This work demonstrates
that the protective effect of PPP against ethanol-induced
liver damage is dependent on the antioxidant activities of
phenolic components, including gallic acid, ellagic acid,
punicalagin, luteolin, catechin, rutin, hydrobenzoic acid,
and potentially glycosides and coumarin derivatives
found in pomegranate peel. As the concentration of PPP
rises, the dietary levels of these chemicals increase,
hence enhancing the protective effect of PPP. The
principal mechanism via which PPP alleviates
hepatocyte damage is by scavenging free radicals
generated by ethanol and its synergistic effects, resulting
in elevated levels of GSH and reduced levels of MDA,
total protein, globulin, albumin, AST, ALT, ALP
proteins, alongside diminished levels of ROS.
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In this paper, an extension of intuitionistic fuzzy numbers is presented.The researcher proposes single-
valued triangular neutrosophic numbers (SVTNNs). These SVTNNs represent ordinary numbers but
possess a level of uncertainty from a philosophical perspective. Additionally, the researcher introduces
a modified operator termed the single-valued triangular neutrosophic weighted aggregation (SVINWA)
operator. This operator is utilized in multi-attribute decision-making (MADM) situations, enabling the
management of many attribute to facilitate informed decisions. For this SVTNWA operator, examples
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1. INTRODUCTION
In everyday content, most of the issues involve imprecise
concepts (Shahoodh, Ali, & Adwan, 2025). The
traditional approach of set theory and numbers is
inadequate to handle the imprecise idea and it must be
expanded to include some additional concepts. The fuzzy
concept is one of the concepts for this purpose.

Neutrosophic set theory is a mathematical
framework that extends the concepts of classical set
theory, fuzzy set theory, and intuitionistic fuzzy set
theory. It was introduced by Smarandache in the 1990s
as a way to incomplete, handle uncertain, and
indeterminate information in a more flexible manner
(Deli & Subas, 2014). Neutrosophic sets allow for the
representation of three different types of membership
degrees: truth, falsity, and indeterminacy. Unlike
classical sets where an element is either a member or a
non-member, and fuzzy sets where an element has a
degree of membership between 0 and 1, neutrosophic sets
recognize the existence of an indeterminate region where
the membership status cannot be determined with
certainty(Ansari, Biswas, & Aggarwal, 2013)
(Ashbacher, 2014).

The multi-attribute decision-making (MADM)
problem is a common challenge in various domains
where decision-makers need to evaluate and compare

*Corresponding Author Institutional Email:
noorkendel89@gmail.com (Noorulhuda Hussein Qandeel)

alternatives based on multiple attribute. Conventional
approaches to decision-making frequently take the
attribute and their weights to be represented as clear-cut
or fuzzy values. However, in practical situations, making
decisions may involve ambiguity, insufficient
information, and uncertainty(Taherdoost & Madanchian,
2023) (Bhole & Deshmukh, 2018). Current advances in
MADM have progressively employed single-valued
neutrosophic numbers (SVNNs) to address uncertainty
and inaccuracy.

In (Xu & Zhao, 2025), the author presented a
multi-attribute group decision-making technique that
uses SVNNSs in conjunction with extended power average
operators and the Dombi operator. In (Liu, Shen, &
Zhang, 2024), researchers presented a fresh distance
metric for SVNNs, improving the Technique for Order of
Preference by Similarity to Ideal Solution (TOPSIS)
approache to enhance decision-making accuracy. A more
versatile foundation for MADM applications was also
provided by the introduction of the idea of single-valued
neutrosophic multiple sets (SVNMS) to expand standard
SVNNs (Radhakrishnan &  Thankachan, 2025).
Notwithstanding these advancements, numerous current
methodologies either concentrate on particular
aggregation operators or lack holistic frameworks to
address the intricacies of real-world decision-making
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contexts. In this paper, The single-valued triangular
neutrosophic  weighted aggregate (SVINWA) is
employed in multi-attribute decision-making (MADM)
contexts, allowing for the management of several
attribute to support informed decision-making.

1.1. Fuzzy Set (FS) FS theory is a mathematical
framework that facilitates the description and
management of uncertain or ambiguous notions
(Hussein, 2024). Conversely, fuzzy set theory allows for
varying degrees of membership, enabling components to
partially belong to a set. The FSs are employed to
represent and manage imprecise and uncertain
information prevalent in real-world scenarios. They offer
a robust instrument for addressing ambiguity and
encapsulating the intrinsic vagueness in human reasoning
(Yanar & Akyiirek, 2006). FSs can convey nuances
between full membership and non-membership by
permitting incremental membership.

The membership values might vary from 0 to 1,
where 0 indicates non-membership and 1 signifies full
membership. Values ranging from 0 to 1 indicate partial
membership. FS theory serves as a significant
mathematical instrument, utilizing vagueness and
uncertainty to create a framework for modeling and
reasoning about imprecise concepts in a more adaptable
and realistic way (Kahraman, 2008). In (Atanassov,
1988),the researcher suggested the Intuitionistic Fuzzy
Set (IFS) as an extension of the fuzzy set within a
universe A. The IFS includes a degree of non-
membership vy, € [0,1] in addition to the degree of
membership fix) € [0,1] for each element a €
A belonging to a set X. To maintain this degree of non-
membership, the following conditions must be met:

Va € A Hx@) T Vx@ = 1 (1)

1.2. Neutrosophic Set (NS)

The NS concept was initially introduced
by(Smarandache, 1998). Smarandache defined the
degree of indeterminacy as an autonomous component.
In an NS, every element within the universe of discourse
is linked to three values: the truth (7), the indeterminacy
(I), and the false (F). These values denote the
membership, non-membership, and indeterminacy of an
element within a specified set,
respectively(Smarandache, 2019) in contrast to fuzzy
sets, which have membership values confined to the
interval [0,1], the NS permits membership, non-
membership, and indeterminacy values to fluctuate
within the range [0, 1]. The degree of truth (T) indicates
the extent of an element's membership in a set, the degree

of falsity (F) denotes the extent of an element's non-
membership in a set, and the degree of indeterminacy (1)
signifies the extent of uncertainty regarding an element's
membership status (Dubois & Prade, 2012). Collectively,
these three values offer more thorough ambiguous
information and depiction of unclear.

When the available knowledge is either
contradictory or inadequate, NSs serve as a valuable
instrument. They can manage scenarios in which it is
difficult to ascertain the exact membership or non-
membership of components in a set due to ambiguity or
uncertainty (Habib, Akram, & Kahraman, 2022). By
incorporating the concept of indeterminacy, NSs allow
for conflicting data or a more nuanced representation of
incomple teness.

Assuming A4 is a universe of discourse and a represents a
generic element in A, the NS set can be defined as an
entity that takes on the following structure:

X = {(a, (ux (@), wy (a),9% (a)):a € A} 2)

1.3. Multi-Attribute Decision Making

The approach of Multi-Attribute Decision Making
(MADM) entails assessing and choosing the optimal
alternative from a range of options based on various
attribute or qualities. It is employed when decision-
makers must evaluate and balance various factors
concurrently to make informed and rational decisions. In
MADM, each alternative is evaluated based on a set of
pertinent traits or attribute relevant to the choice being
made(Deli & Subas, 2017). These features may be
quantifiable (e.g., cost, time, or performance measures)
or qualitative (e.g., reputation, customer satisfaction, or
environmental impact). The decision-maker allocates
weights or significance values to each characteristic to
represent their relative relevance.

2. SINGLE-VALUED TRIANGULAR NEUTROSOPHIC

Let a triangular neutrosophic number a” be defined as
a = ((xli X2, x3)' Xa”)! ((}’1' Y2, y3)i le')'
((24,23,23), Z,+ ). An NS is defined on the real number
set R, with truth-membership, indeterminacy-
membership, and false-membership functions. These
functions are given by the following:

He-(B)
B = x)Xo [ (xg — x1) (o =B <x; 3
— KXo (B =x2)
(3 = B) X /(x3 — x2) (e =B < x5,
0 otherwise
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Ve (B)
2= B+Ye (B=y1))/(2—¥1) i< B <y, (4
_ Y, B =y2) )
(B=y+Yes— BN/z—y2) @2<B <y
1 otherwise
Ao (B)
(z2— B+Zo (B—21))/ (22— 21) (zs B <z 5
— Zot' (,8 =23 ) )
(B — z3+Zy (23— B))/ (23— 22) (z2 £ B < z;
1 otherwise

If x4, y1, z; = 0and at least x5 ,y;,2z3 > 0, then a” is
referred to as a positive Single-Valued Triangular
Neutrosophic Number (SVTrNN), which is represented
as a” > 0. Likewise, if x,,y,,2z, < 0 and at least x;,
vy, z1 < 0,then o is referred to as a negative SVTrNN,
which is represented as o < 0. A triangular
neutrosophic number denoted as a” = ((xy, X3, X3), X&),
(1, ¥2,¥3), Yor), ((21,22,23), Zo ), can represent a
vague or uncertain value related to the variable a”, which
is approximately equivalent to a”.

3 TWO SINGLE-VALUED

. TRIANGULAR
NEUTROSOPHIC NUMBERS

Let o = ((t1, %2, %3), Xe), (71, ¥2,¥3), Vo),
(21,22, 23), Zo) and B = ((xl,xz,x3),XB~),
((yl,yz,y3), Yﬁ~), ((21,22,23), Zg-) be two SVTrNNs
and n # 0, then

3.1. Addition

a + [

= (O + y1, %2 + Y2, %3

+y3) Xor minXg-, Y- max Vg, Zo-max Zg-)

3.2. Subtraction

a — B =0 — Yy X2 = Y2, X3 —
Y3 ) Xoe minXg-,Yy maxYg-, Zoomax Zg-)

3.3. Multiplication

ap”

((x1 3, x2Y2,%391); Xor min Xp-, Yy maxYp-, Zoomax Zg-)(x3 < 0,y3 > 0)

{((Xl Y1, X2Y2,X3Y3); Xor min Xg-, Yo max Yg-, Zo-max Zg-)(x3 > 0,y;3 > 0)
((x3Y3,%2Y2, X1Y1); Xor min Xpg-, Yo max Yp-, Zop-max Zp-)(x3 < 0,y3 < 0)

3.4. Division

a/p

3.5. Multiplication by a constant

((77351' r]xz,nx3); Xa'r Ya”r Za')(r] > 0)

a =
K {((779%' nxz, le)i Xa" YaNr Za')(’? < 0)

3.6. Inverse
Tt = ((l/xlr 1/x2' 1/x3); Xa”' Ya‘: Za”) (Cf * 0)

It can be demonstrated that the outcomes derived from
the multiplication and division operations involving two
SVTrNNs do not consistently yield SVTrNNs.
Nevertheless, it is common practice to utilize SVTrNNs
as a means of approximating and expressing these
computational findings.

3.7. Example

Let a =((34,6);0.3,04,06) and g =
((2,4,7);0.5,0.6,0.7) represent two single-valued
triangular neutrosophic numbers.

1. « + f =((5813);0.3,06,0.7)
2. « - =((1,0-1);03,06,0.7)
3. af =((61642);03,0.6,0.7)
4

\B = ((3 4 9);0.3,0.6,0.7)

7’4’2
6’4’3

6. 3a = ((9,12,18);0.3,0.4,0.6)
3.8. Remark

If 0 < XprYor, Zor < 1,0 < Xpo+ Y+ Z, <
1, Za~ = Oand 0 < XB~, YB~, Zﬁw < 1,0 < Xﬁ"+
Y-+ Zg- < 1, Zg- = 0, then the SVTINNs a” =
((xllele)lXGf)t ((yl,}’z,}’3), Ya~), ((21!22'23)! Za”)
and = (1, %5, %), Xg), (0, 72,73). g ).

((z1,22,23), Zg-) The concept of degeneracy can be

extended to the space of intuitionistic triangular fuzzy
numbers a = ((x1, %2, %3), Xor),

((yl' Va2, }’3)' Y(x‘)i (0 ) and ﬂ~ = ((xll X2, X3),XB~),

((yl,yz,y3), Y,;~), (0), respectively. As previously
stated, the mathematical operations were developed to
simplify them.

4. EXAMPLE OF EVALUATING TEACHING

The example we will focus on involves evaluating the

{((xl Y1 X2/Y2, %3/3); Xor minXg-, Yo max Y-, Zo-max Zg)(x3 > 0,y3 > 0) quality of teaching and drawing inspiration from the

((x1/ y3, X2/Y2,X3/y1); Koo min Xg-, Yor max Yg-, Zo-max Zp-)(x3 < 0,y3 > 0) application
((x3/y3,%2/¥2,%1/¥1); Xoo minXg-,Yo- max Yg-, Zo-max Zg-)(x3 < 0,y3 < 0)

discussed. Suppose a  government
organization is seeking to fill a position, and they have
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identified five candidates (X = (x1,x,,x3,x4)  for
evaluation. The assessment process will be conducted by
a panel of experts from Management Science, who will
evaluate the candidates based on three specific aspects:
teaching attitude (y;), ability (y,), and content (y3).

The teaching attitude of the candidates holds a significant
importance in this evaluation, as those who exhibit a
positive attitude are likely to have a substantial impact
when teaching. Evaluating teaching ability comprises
assessing the candidates' professional knowledge and
their practical experience in the field. Lastly, the content
of their teaching is examined to ensure that it aligns
closely with teaching guidance. To establish the relative
importance of these attributes, a weight vector is
assigned, with the values (0.4,0.4,0.2)7, representing the
respective weights for teaching attitude, ability, and
content.

Step 1. The teachers were assessed by experts, and the
outcomes of their evaluations are presented in Table 1.

Y1 V2 V3
x; ((0.2,0.3,0.4,0. ((0.1,0.2,0.4,0. ((0.1,0.3,0.6,0.
6);0.6,0.5,0.1)  5);0.4,0.2,0.6) 7);0.8,0.1,0.4)
x, ((0.3,0.6,0.7,0. ((0.3,0.5,0.6,0. ((0.3,0.4,0.7,0.
9);0.9,0.3,0.5)  8);0.2,0.3,0.4)  7);0.6,0.4,0.8)
x3 ((0.3,0.5,0.7,0. ((0.3,0.6,0.7,0. ((0.3,0.5,0.5,0.
7);0.7,0.3,0.1)  9);0.3,0.6,0.8)  4);0.7,0.3,0.6)
x, ((0.4,0.5,0.6,0. ((0.2,0.4,0.7,0. ((0.5,0.6,0.8,0.
8);0.8,0.2,0.4)  9);0.8,0.9,0.6) 7);0.4,0.3,0.2)

Step 2. For { = 1,2,3,and 4, the table displays the

(=3
x;  (0.004, 0.019, 0.094,
0.205); 0.4, 0.5, 0.6)

(=4

(0.001, 0.006, 0.046,
0.125); 0.4, 0.5, 0.6)

x;  (0.027, 0.149, 0.292,
0.565); 0.2,0.4,0.8)

(0.008, 0.082, 0.196,
0.474); 0.2,0.4,0.8)

x3  (0.027, 0.161, 0.299,
0.442); 0.3,0.6,0.8)

(0.008, 0.089, 0.205,
0.364); 0.3,0.6,0.8)

x,  (0.054, 0.119, 0.326,
0.565); 0.4,0.9,0.6)

(0.023, 0.061, 0.230,
0.474); 0.4,0.9,0.6)

Step 3. The score values of the respective alternatives are
shown in table.

S1(x1) S2(x2) S3(x3) S4(x4)
(=1 0.1846 0.1438 0.1248 0.1305
(=2 0.0514 0.0926 0.0774 0.0850
(=3 0.0262 0.0646 0.0522 0.0598
(=4 00144 0.0475 0.0374 0.0044

Step 4. The accuracy degrees of the respective
alternatives are shown in table.

ACy(x1) ACy(xz) AC3(x3) AC4(x4)
(=1 0.2219 0.3738 0.3469 0.3045
(=2 0.0991 0.2408 0.2153 0.1985
¢{=3 0.0503 0.1679 0.1510 0.1397
(=4 0.0278 0.1235 0.1041 0.1034

Step 5. The alternatives are ranked based on these scores

aggregated obtained by the SVTNWA.

(=1 (=2

x;  ((0.140, 0.260, 0.440, ((0.022, 0.070, 0.200,
0.580);0.4, 0.5, 0.6) 0.342); 0.4, 0.5, 0.6)

x;  ((0.300, 0.520, 0.660, ((0.090, 0.276, 0.438,
0.820):0.2, 0.4,0.8) 0.678); 0.2,0.4,0.8)

xs  ((0.300, 0.540, 0.660, ((0.090, 0.294, 0.442,
0.720):0.3, 0.6,0.8) 0.552); 0.3,0.6,0.8)

x, ((0.340, 0.480, 0.680, ((0.130, 0.236, 0.468,

0.820):0.4, 0.9,0.6)

0.678); 0.4,0.9,0.6)

and their accuracy degrees.

NN NN
Il

BWN -

The score

X1 > Xy > X4 > X3
Xy > X4 > X3 > Xy
Xy > X4 > X3 > Xy
Xy > X3 > X1 > Xy

The accuracy
degrees
Xy > X3 > X4 > Xy
Xy > X3 > X4 > Xy
Xy > X3 > X4 > Xy
Xy > X3 > X4 > Xy

By determining the score and accuracy values, a
comprehensive candidate ranking can be established.
Aligning these scores and accuracy degrees enhances the
effectiveness of candidate evaluations using MADM
methods. It is easy to see that x, has the highest values of
score and accuracy degrees. The alignment between our
objective and the outcomes is readily discernible.

Our objective revolves around creating a
versatile framework capable of accommodating diverse
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decision attribute, enabling decision-makers to
effectively assess and prioritize factors based on their
relative significance. The clarity achieved through this
approach becomes evident in the results, as they vividly
highlight the comprehensive representation, we aimed to
provide for the decision problem. This alignment
enhances the robustness and informed nature of the
decision outcomes, reinforcing the purpose behind our
efforts to ensure a more effective decision-making
process.

The assessment of candidates based on their
teaching attitude, ability, and content holds significant
importance when considering weighted attribute. By
increasing the value of ¢, the process of determining the
highest-ranking candidate becomes more
straightforward, as it enables a clearer distinction in
terms of score and accuracy degrees.

In this context, evaluating candidates
necessitates a comprehensive examination of various
factors, such as their teaching attitude, ability, and
content. Each of these attribute is assigned a weight to
denote its relative importance in the overall assessment.
The weight assigned to a criterion signifies the degree of
significance it holds in the evaluation process.

We implemented this example using MATLAB to obtain
the presented results as in Figure 1.

Soote =

0. 1044 o.14m 2.1240 0.1 0. 1043
0.0514 0.0%3% 8.0774 0.0850 o.0044
0.0242 5.0648 0.9322 8.05% o.0%%8
oLe4q 0.04a7s 2374 0.0044¢ ©.0387
Comwmamd WirSow
Accusecy =
0.221» 0.3730 0. 3445 0.3045 0.33%4>
0.0%%) 0.2400 0.71%) 0.1985 0.31%
0.0%8> .34 o.i%e 0.3 G.14%0
0.027% e.123% o.a041 0.303¢ O.300%

Figure 1. MATLAB results (example of evaluating teaching)

5. CONCLUSIONS

As a conclusion, the employment of SVINWASs in multi-
attribute decision-making has been demonstrated to be an
effective method for handling decision problems that are
characterized by uncertainty, vagueness, and
indeterminacy. In this research, we have explored the
theoretical foundations of SVINWA and its application
in MADM, particularly in the context of multiple
attribute decision-making scenarios.

The SVITNWA operator-based MADM has been shown
to be applicable in a real-world context through the use
of the practical example that has been offered in this
scientific investigation. The example demonstrated how
decision-makers can utilize SVTNWA to assess options,
gain significant insights into complicated decision-
making circumstances, and make educated choices. The
SVTNWA can also be used to have more sophisticated
decision-making scenarios in the real world that involve
large-scale or dynamic data.
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ABSTRACT

Phytochemical compounds are of medical importance for many diseases, including
inhibitory activity against bacterial and fungal pathogens. In this paper , multiple
phytochemicals were isolated from Veronica agrestis in Iraq by subjecting the stem and
leaves to gas chromatography-mass spectrometry (GC-MS). The study aims to identify the
active compounds of the vegetative parts of the species and test their inhibitory activity
against pathogens. The analysis revealed the presence of ten biologically active
phytochemicals:  benzeneacetonitrile,  3-hydroxy;  (E)-4-(3-hydroxyprop-1-en-1-yl)-
2;methoxyphenol; phytol; 9,12,15,-octadecatetrienoic acid (Z,Z,2); 13,17Seco-5 pregn-
13(18)-n-20-one; stigmasterol; octatriacontyl pentafluoropropionate; 5-(7a-isopropyl-4,5-
dimethyl-octahydroindin-4-yl)-3-methyl-penta-2,4-dien-1-ol; cholestan-3-ol; 2-
Methylenediamine-,(38,5a)-. These compounds showed high inhibitory activity against the
pathogenic fungus Candida albicans and the bacteria Proteus mirabilis. Six concentrations
of the extract were used ( 5,10, 20 ,40 ,60 ,80 )mg/ml showed results (00.00, 0.00, 0.00,
6.00,10.00,16.00) mm diameter of colonies in Candida albicans whil the diameter of
colonies in Proteus mirabilis presented results (0.00,0.00, 10.00, 14.00, 22.00, 30.00) mm

respectivly .

DOI: 10.53851/psijk.v2.i7. 35-39

1. INTRODUCTION

The genus Veronica is an important plant genera
belonging to the Plantaginaceae family (Albach D. C.,
2006) , and includes a large number of species that are
rich in biologically active phenolic compounds. This
genus has attracted the attention of researchers due to its
potential uses in  various fields, including
pharmaceuticals, cosmetics, and natural products used in
food preservation (Brci¢ A., 2024).Studies have shown
that some Veronica species, such as V. rosea, contain
flavonoids with antioxidant activity. These compounds
have also been shown to be effective in protecting against
sun exposure and reducing heat-induced hemolysis,
reflecting their potential role in supporting skin health
and reducing muscle tension (Chaira S. et al., 2022).

As for V. amygdalina, leaf analysis has revealed a wide
range of active plant compounds, such as alkaloids,
flavonoids, tannins, saponins, and others, which have
demonstrated cholesterol-lowering, antioxidant, and

*Corresponding Author Institutional Email:
neepal.i@uokerbala.edu.ig (Jihan Hussein AL-Masoudi)

anticancer properties, as well as their effectiveness in
lowering blood sugar levels (Great I. et al., 2023).Studies
have also been conducted on V. biloba, where active
compounds such as dichloromethane, ethyl acetate, and
n-hexane were extracted. (Hassan A. M. L. R., 2019).
These extracts demonstrated remarkable activity against
a range of bacteria and fungi, particularly due to the
presence of ginkolic acid, known for its antibacterial
properties (Hassan A. et al., 2019) Other species of the
genus, such as V. officinalis (Rajakumar S. et al., 2022)
V. orchidea, and V. teucrium, have also proven effective
as antimicrobials, particularly against Gram-positive
bacteria such as Bacillus cereus and Listeria spp. (Nazli¢
M. et al., 2023) . Some Veronica species also contain
compounds such as benzaldehyde, known for its role in
fungicidal resistance (Ebrahimzadeh M. & Navaei N.,
2024). On the other hand, extracts of V. montana have
demonstrated activity against Escherichia coli and
Staphylococcus aureus. This activity is attributed to the
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effect of flavonoids and tannins in disrupting bacterial
cell membranes (Bréi¢ A., 2024).

Many other species, such as V. persica, V. hederifolia, V.
polita poir, and V. anagallis-aquatica, have been
observed to be rich in phenolic compounds with diverse
health effects, including antimicrobial activity (Baci¢ K.,
2024) . Despite this significant research on the various
species of the genus, insufficient information is available
on the phytochemical composition of Veronica agrestis,
highlighting the need for a detailed study of this species.
Therefore, this study aims to identify the active
compounds in the vegetative parts of this species and test
their inhibitory activity against certain pathogens, such as
bacteria and fungi, particularly the genus Candida.

2. MATERIAL AND METHODES
2.1. Study Area and Sample Collection

The samples used in this study were obtained
from a number of infected patients, in
collaboration with the University of Karbala. The
samples were collected under sterile conditions
and then transported to the laboratory for
isolation. Fungi and bacteria were isolated from
the biological samples, and the species under
study were identified after obtaining pure
cultures using standard microbiological
methods.

2.2 Collection and Preparation of Plant
Materials

sciences college laboratory, Kerbala

The plant known as "Veronica agrastis" was
found in several locations throughout Iraq.
After that, the plants were cleaned and allowed
to dry at room temperature. After absorbing 100
milliliters of ethanol, 10 grams of powdered
plants were filtered.

2.3. Plant Extract preperation

The dried stem and leaves were pulverized and extracted
in a Soxhlet. The polar compounds were extracted with
1.5 liters of eythanol, then 6iltered and evaporated. After
that, the compounds were weighed, and their yield
percentage, expressed as a percentage of their dry weight,
was calculated. The yield of the dark green extract from
eythanol was 10 grams (0.095%), the plant extracts were
placed in the °C. (Wahid A. Z. & Jafar F. N., 2005) dark
and refrigerated at a temperature of 4

2-4-Testing the Effect of the Alcoholic Extract of
Veronica agrestis on the Growth of Fungi and Bacteria

The effectiveness of the alcoholic extract of V.
agrestis against pathogenic strains of fungi and
bacteria (Proteus spp. and Candida spp.) was
evaluated using the well diffusion method on Mueller-
Hinton agar

PROCEDURE

1. Preparation of Inoculum:

- Inoculate a single colony of Proteus and Candidain
sterile broth and incubate overnight at 37°C (for
Proteus) and 30°C (for Candida).

- Adjust the inoculum to match a 0.5 McFarland
standard.

2. Inoculating the Plates:

- Pour Mueller-Hinton agar into sterile Petri dishes
and allow it to solidify.

- Use a sterile swab to evenly spread the inoculum
across the surface of the agar plates.

3. Creating Wells:

- Once the agar is inoculated and dried, use a sterile
cork borer or well-maker to create wells in the agar
plates.

4. Adding Plant Extracts and Controls:

- Using a micropipette, add 100 puL of each
concentration of the plant extract (80, 60, 40, 20, 10,
and 5) mg/ml into separate wells.

- Add 100 pL of ciprofloxacin into one well as the
positive control and 100 pL of distilled water into
another well as the negative control.

5. Incubation:

- Incubate the plates at the appropriate temperature
(37°C for Proteus and 30°C for Candida) for 24-48
hours.

6. Measuring Inhibition Zones

- After incubation, measure the diameter of the
inhibition zones around each well using a ruler or caliper.

- Record the results for each concentration of the plant
extract and the controls.

2- Using gas chromatography and mass spectrometry
(GC/MS) to identify the chemical components of the
extract, GC-MS analysis was used to chemically identify
the compounds of V. agrastis. At Al-Zahraa Center for
Medical and Pharmaceutical Sciences Research, the
sample was prepared according to the method (Abu-
Serag N. A. et al., 2019) (Al-Zahraa Center for Medical
and Pharmaceutical Research Sciences, n.d.)
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2.5. Statistical Analysis

Data were analyzed using STATGRAPHICS Centurion
XV (version 20.1.16). ANOVA and LSD tests were
employed at a 95% confidence level.

3. RESULTS AND DISCUSSION

3.1 These results are consistent with (Ertas A. et al.,
2014), when they studied the activity of the family
species against the obtained pathogens. It was found that
the ethanolic extract of V. agrestis parts inhibited the
fungi causing candidiasis and other skin diseases and that
some of the secondary metabolites had antifungal
properties. Six concentrations of the extract (5, 10, 20,
40, 60, 80) g/ml were used. The colony diameter of
Candidia albicans showed results (0.00, 0.00, 0.00, 6.00,
10.00, 16.00) mm, respectively. Therefore, the results are
presented in Table (1) figure (1) . The alcoholic extract
showed high antibacterial activity against Proteus
mirabilis, which causes urinary tract infections. Six
concentrations of the extract (5, 10, 20, 40, 60, 80) g/ml
were used. The colony diameter of Proteus mirabilis
showed results of (0.00, 0.00, 10.00, 14.00, 22.00, 30.00)
mm, respectively. Therefore, the results are shown in
Table (2) and figure (2). These results are consistent with
the results of Salehi (Salehi B. et al., 2019), when they
studied the activity of the family species against some
secondary metabolites that act as antimicrobials and they
found that.

Table 1. Antifungal activity of ethanol extracts from
V.agrastis against Candida albicans
Table (1) Mean of Inhibition reae (tem )

Comparts  Comparls Concestr Ceacent Concentr Comcentr Concestr Concentr
onwith  sawith  atin ratha  ation atha ation atlon

distled  Novtat

e ,j:" (Swgnl)  (10wgm (Wmgnl (Wwgnl (@upnl Hongul
e P ) ) )
mg'ml

(1)) 5w 000 0m 000 &£00 1000 16,00

Table 2. Antibacteral activity of ethanol extracts from
V.agrastis against P. mirabilis

Compars  Compars  Conceatr Conceat  Concestr  Conceatr  Concentr  Conceatr
eawith  cawith  ation rtion  ation  atlon ation atlon

distilled  Ciproflox

watee  acin fimg (mgml)  (0mgm (Wmgml ([{0mgml (Omgml (S0mgnl
) b ) ) )
mgm

0.00 00 000 000 00 40 2 3m

When reviewing the results of the current study on the
chemical compounds of Veronica, it is noted that the
percentage of compounds with fungal growth inhibitory
properties is high, such as steroids, sticasterol, lanosterol,
organofluoro ester compounds, unsaturated fats, in
addition to phenols and diterpenes, all of which play a
role in the inhibitory action against Candida (Alqurashi
A. S. etal., 2022).

Figure 1. Candida albicans growth grown in varying
concentrations of V. agrestis ethanol extract.

Figure 2. Growth of Proteus mirabilis cultured in varying
concentrations of V. agrestis ethanol extract

3.1. Gas chromatography-mass spectrometry (GC-
MS)

The ethanolic extract of the vegetative parts of Veronica
agrestis was analyzed using gas chromatography-mass
spectrometry (GC-MS). Ten major chemical compounds
were detected, as shown in Table (3).
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Table 4. Classification and Biological Relevance of Phytochemicals

agrastis. Isolated from the ethanolic extract V. agrastis.
No. R'_t' Area | %Total M. | Prob Name Compound
(min) wt % No. Compound Name T
ype
1 18.34 | 1.005e | 2.036 | 133 | 68.8 | Benzeneacetonit 1 Benzeneacetonitrile, 3- | Aromatic nitrile | Antimicrobial,
7 +8 % rile, 3-hydroxy hydroxy : antif)xifiant
2 (E)-4-(3-Hydroxyprop- Phenylpropanoid | Antioxidant,
- 1-en-1-yl)-2- anti-
2 18.78 1.544e 3.129 133 68.7 Benzeneacetonit methoxyphenol inflammatory,
8 +8 % rile, 3-hydroxy (Coniferyl alcohol) anticancer
3 Phytol Diterpene Antimicrobial,
3 24.53 7.685e 1.557 180 51.0 (E)-4-(3- alcohol antioxidant,
6 +7 % Hydroxyprop-1- anticancer,
en-1-yl)-2- 4 9,12,15- Omega-3 fatty | Anti-
Octadecatrienoic  acid, | acid inflammatory,
methoxyphenol (Z,2,7)- (a-Linolenic antioxidant
acid)
4 31.78 1.850e 3.749 296 | 64.6 Phytol 5 Cholestan-3-ol, 2- | Plant sterol Cholesterol-
8 +8 % methylene-, (3B,50)- lowering, anti-
inflammatory,
6 | 4132 | 1.752e | 0355 | 400 | 153 | Cholestan-3-ol, anticancer
7 +7 % 2-methylene-,
(3B,50)-
6 13,17-Seco-5a-pregn- Steroid Hormonal
7 | 4350 | 3.723e | 7.543 | 302 | 8.12 | 13,17-Seco-50- 13(18)-en-20-one derivative activity, anti-
1 +8 % pregn-13(18)-en- inflammatory
20-one effect
7 Stigmasterol Plant sterol Antioxidant,
8 | 4462 | 1.179% | 23.887 | 412 | 57.1 | Stigmasterol anti-
o inflammatory,
8 +9 % cholesterol-
lowering
9 4599 | 7.685e | 1.557 | 696 | 5.06 Octatriacontyl 8 Octatriacontyl Long-chain ester | antibacterial
8 +7 % pentafluoropropi pentafluoropropionate
onate 9 5-(7a-Isopropenyl-4,5- Unsaturated Antifungal,
dimethyl- cyclic terpenoid | antibacterial,
10 | 4873 | 3.119¢ | 0632 | 288 | 12.8 | 5-(7a- octahydroinden-4-yl)-3- antioxidant
7 +7 % Isopropenyl-4,5- methyl-penta-2.,4-dien-1-
dimethyl- ol
octa hyd rOinden- fuvl'{.‘A_L\uLLLl.lﬁ‘“muIli‘sh‘-:ﬁ:lg'buuuuwn]ﬂuL. ANZZ0ZA 100 N
4-yl)-3-methyl- S R e
penta-
2,4-dien- 1-ol

: ..lln L ll.ll

A EJ]

leaves and stem for V. agrestis

| e—
Bie

¥ X

Figure 3. GC-MS chromatogram of ethanolic extract the
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4. CONCLUSION

The ethanolic aroma of V. agrestis leaves and stems
exhibits potent antifungal activity against the fungus
Candidia albicans and the bacterium Protus mirabilis.
Gas chromatography-mass spectrometry (GC-MS)
analysis revealed that the extracts contained a variety of
bioactive plant compounds, including aromatic
compounds, phenols, steroids, and terpenes, which likely
contribute to their antimicrobial properties. This suggests
V. agrestis as a natural source of antifungal and
antibacterial properties.
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Inhibitory activity against bacterial and fungal pathogens is one of the many diseases for which
phytochemical compounds are useful in medicine. By using gas chromatography-mass spectrometry
(GC-MS) on the floral parts of Portulaca grandiflora s in Iraq, several phytochemicals were extracted
for this study. The study's objective is to determine the active substances found in the species' vegetative
parts and evaluate their ability to inhibit pathogens. In the current study, various medical phytochemical
compounds that have been isolated from Portulaca grandiflora from the floral parts that showed
antifungal activity as Candida albicans and antibacterial as Proteus mirabilis. The phytochemicals of
Portulaca grandiflora floral parts were exposed to gas chromatography—mass spectrometry (GC-MS)
analysis. The results revealed the highest activity against fungal and bacteria. The study used six
concentrations of the floral parts (5,10,20,40,60,80) mg/ml for both aqueous and methanolic extracts.
The aqueous extract showed high inhibition against Candida fungi, It was (0.00mm, 0.00mm, 0.00mm,
0.00mm, 12.00mm, 22.00mm) respectively in the diameter of colonies Thus, the aqueous extract
indicated high inhibition against bacteria Proteus mirabilis . It was (0.00mm, 0.00mm, 0.00mm,
10.00mm, 14.00mm, 18.00mm) separately in the diameter of colonies. The methanolic extracts of floral
parts have lower inhibition rates compared to the aqueous extract.which was giving results against
Candida fungi (0.00mm, 0.00mm, 4.00mm, 6.00mm, 10.00mm, 24.00mm) respectively in the diameter
of colonies, so that in a result with the inhibition against bacteria Proteus mirabilis . It was (0.00mm
,3.00mm, 6.00mm,10.00mm, 15.00mm, 25.00mm) respectively in the diameter of colonies. The
analysis of compounds to P. grandiflora floral parts by GC-MS showed the presence of five bioactive
phytochemical compounds as: Benzaldehyde : Cyclohexene , 1-methyl-4-(1-methylethenyl)-: (S),
Linalool : Naphthalene : and Cyclohexanol, 1-methyl-4-(1-methylethenyl)-, acetate.

DOI: 10.53851/psijk.v2.i7. 40-45

1. INTRODUCTION

2010). The word genus is taken from a Latin word

Microbes cause many diseases and increase the
mortality rate worldwide. Their resistance to
conventional medicines has been a major reason for the
interest in medicinal plants as a reliable alternative for
managing diseases resulting from bacterial infections in
recent times. Many research efforts have been directed
towards exploring plant components with antimicrobial
potential that are used as antimicrobial agents due to their
high therapeutic performance, low toxicity and
reasonable prices (Ojah EO , 2021).

The family Portulacaceae consists of one genus and 116
species (Christenhusz MJ& Byng JW, 2016) based on
previous molecular studies that reduced the family to a
single monophyletic group, which included one genus,
Portulaca L., and 100 species (Nyffeler R & Eggli U,

*Corresponding Author Institutional Email:
(neepali@uokerbala.edu.iq) (Neepal Imtair Al Garaawi)

composed of two syllables; the first is Portare, which
means carry, and the syllable Lak, which means milk and
gives the meaning of the milky liquid secreted by the
plant. Its types are commonly used in general to treat
infections, ulcers, colds, coughs, urinary tract diseases,
and many others (Philips SM, 2000). The ancient
Egyptians and the English in the Middle Ages used plants
of this genus medicinally, as food, or as vegetables
(Boulos L, El-Hadidi MN, 1984) .

Portulaca grandiflora is a plant that is cultivated by
humans for its beautiful colorful flowers. It is widely
spread due to its rapid reproductive property. In Iraq
flora, it has been established as a cultivated plant and its
original homeland is South America. In Iraq, it is called
Yaldis, after its Turkish name Aldoz. It is known in
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Europe and America as the eleven O' clock rose, moss
rose, sun plant and in India lyauiya and Goddu pavelli,
and Sokkare Kamma in Canada(Netala S, Pravallika R,et
al., 2015)

It was found that the chemical extracts of P. grandiflora
samples contain alkaloids, hydroquinols, phenols,
flavonoids, saponins, tannins, terpenoids and steroids, as
the different effectiveness of these complex compounds
leads to significant variations in antioxidant
capacity(Aisyah SI, et al.,, 2023). In addition, P.
grandiflora plants showed antioxidant activities,
indicating that they would have variable flavonoid
content and therefore they had variable wound healing
activity depending on flower color(Budiawan A,et al.,
2023). A similar study also revealed that n-hexane extract
of P. grandiflora significantly enhances wound healing
by increasing cell migration and wound closure
compared to wounds treated with MEBO
ointment(Mus’hib HK, Abdul-Jalil TZ, 2024). The use of
methanolic, ethanolic and n-hexane extracts of the P.
grandiflora plant contains antibacterial, antifungal,
anticancer and antioxidant properties(Salahuddin H,et
al.,2024). A study showed that flavonoids, one of the
compounds of P. grandiflora, can protect the skin from
ultraviolet UV rays. Accordingly, it was possible to
develop a sunscreen that protects the skin from the risk
of skin cancer and prevents premature skin aging(Kirana
BC,et al., 2023). And as stated by experiment that the
methanolic extract of the green parts of the morning
flower P. grandiflora contains a high percentage of
flavonoids, which act as an antihyperlipidemic agent
induced by a high-fat diet (HFD) and as an
antioxidant(Wang X,et al.,2023).

Candida albicans is a fungus that lives in the human
body in normal conditions, in the intestines and oral
cavity. It then turns into an opportunistic organism in
special cases, such as weak immunity, or when dealing
with some animals, such as birds, cows, cats, dogs, and
pigs, if hygiene conditions are not observed, as it is a
fungus present in their bodies(Edelmann A, et al.,2005).

Proteus bacteria, including Proteus mirabilis, form a
symbiotic relationship between higher organisms,
including humans and some animals. This is indicated by
the contamination of soil and water with the feces of
infected animals, which constitutes a source of infection
for humans when consuming this water or marine
organisms contaminated with the feces of these infected
animals(Drzewiecka D,2016).

2. MATERIALS AND METHODS

2.1. Study Area And Sampling

The studied fungi and bacteria were isolated from
some infected patients in Karbala, the fungi and the
bacteria were identified in the pure sciences college
laboratory, Kerbala university.

2.2. Plant Extract Preparation

The dried aerial parts were pulverized and extracted in
a Soxhlet. The polar compounds were extracted with 1.4
ml methanol + 60ml distal water for the alcoholic
extraction and 200ml of distal water for the aqueous
extract, then OGiltered and evaporated. After that, the
compounds were weighed, and their yield percentage
expressed as a percentage of their dry weight, was
calculated. The yield of the dark green extract from
methanol was 60 grams (0.095%). The plant extracts
were placed in the dark and refrigerated at a temperature
of 4 °C, Wahid & Jafar method(Wahid AZ & Jafar FN,
2005)

2.3. Cultivated Method of Aqueous & Alcoholic
Extract P. Grandiflora of Plant on Pathogenic
Fungi Growth

To perform the inhibition zone assay for Proteus and
Candida using your plant extract and nanoparticles in a
Mueller-Hinton agar setup, follow these steps:

Materials Needed

-Mueller-Hinton agar plates

-Plant extract at concentrations of 80 mg, 60 mg, 40 mg,
20 mg, 10 mg, and 5 mg

-Ciprofloxacin (positive control)

-Distilled water (negative control)

-Sterile wells or cork borer

-Inoculating loop

-Sterile swabs

-Incubator

PROCEDURE
1 .Preparation of Inoculum:

- Inoculate a single colony of Proteus and Candidain
sterile broth and incubate overnight at 37°C (for Proteus)
and 30°C (for Candida).

- Adjust the inoculum to match a 0.5 McFarland
standard.

2 .Inoculating the Plates:

- Pour Mueller-Hinton agar into sterile Petri dishes and
allow it to solidify.

- Use a sterile swab to evenly spread the inoculum
across the surface of the agar plates.
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3 .Creating Wells:

- Once the agar is inoculated and dried, use a sterile
cork borer or well-maker to create wells in the agar
plates.

4 .Adding Plant Extracts and Controls:

- Using a micropipette, add 100 pL of each
concentration of the plant extract (80 mg, 60 mg, 40 mg,
20 mg, 10 mg, and 5 mg) into separate wells.

- Add 100 pL of ciprofloxacin into one well as the
positive control and 100 pL of distilled water into another
well as the negative control.

5 .Incubation:
- Incubate the plates at the appropriate temperature
(37°C for Proteus and 30°C for Candida) for 24-48 hours.

6 .Measuring Inhibition Zones

- After incubation, measure the diameter of the
inhibition zones around each well using a ruler or caliper.
- Record the results for each concentration of the plant
extract and the controls.

Data Analysis

-Analyze the inhibition zones to determine the
effectiveness of the plant extract at different
concentrations.
- Compare the inhibition.

2.4. Collection And Preparation of Plant Materials

P. grandiflora plant were located from various places
from Karbala city in Iraq. Then plants were well washed
and dried at room temperature. 10gm of plant powdered
had taken in 1.4L methanol and 60ml distal water for the
alcoholic extract solution and then filtered, and 10gm of
plant powdered in 200ml of distal water and also had
been filtered.

2.5. Constituents Identification Of Extract By Gas
Chromatography - Mass Spectrum (GC/MS)
Phytochemical identification of P. grandiflora were
carried out by GC-MS analysis in (Scion Instruments
Company.Model: SCiON 436) GC-MS Column:
SCION-5MS { ID = 0.25mm, length = 15m, df = 0.25um
} Carrier gas : Helium. Instrument under computer
designed control at 60eV. About 1uL of them ethanol
extract was injected into the GC-MS column using a
micro syringe and the scanning was done for 10 minutes.
Column oven : initial temperature is 50 °C increase by 5
°C / min to 240 °C, Sample Preparation : 50 pL of the
sample is diluted with 2.5ml of Methanol (HPLC-Grade)
before injection. Gas flow ratio : 1 ml/min. Pressure : 10
psi. Range :1 — 2000 m/z, split ratio 1:40. (This method
is innovative in Al-Zahraa Center for Medical and

Pharmaceutical Research  Sciences

(Purwanto A,et al.,2022).

(ZCMPRS))

3. RESULTS AND DISCUSSION

3.1. Antifungal Activity

The current study Candida albicans was selected to test
the activity of the aqueous and methanol extract of P.
grandiflora partss. The extract showed a high antifungal
activity against Candidia albicans. Six concentrations of
extract (5,10,20,40 ,60,80 mg/ml) were used for the floral
parts of the plant each as aqueous and methanol extracts.
The results showed (00.00, 0.00, 0.00, 0.00, 12.00, 22.00
mm) diameter of colonies in Candida albicans for
aqueous extract, the results showed in Table 1, and (00.00
,0.00,4.00,6.00, 10.00, 24.00 mm ) diameter of colonies
in Candida albicans for alcoholic extract. Table 2
offered the results . We conclude from the results of our
current experiment that the inhibitory ability of the
alcoholic extracts of the floral parts of the plant against
Candida albicans was higher than the inhibitory ability
of the aqueous extracts of the same parts against Candida
albicans.

Table 1. Antifungal activity of aqueous extracts from P.

grandiflora floral parts against Candida albicans

Mean of Inhibition zone (mm

Compa | Compa | Conce Conc | Conce | Conce @ Conce | Concent
rison rison ntrati entra | ntrati ntrati ntrati ration
with with on tion on on on (80omg/
distille | Nystat | (5mg/ | (10m (4om | (60m | ml)

d in ml) g/mh) | (20m | g/ml) | g/ml)

water 10mg g/ml)

(0.00)

mg/ml

0.00 8.00 0.00 0.00 0.00 0.00 12.00 | 22.00

Table 2. Antifungal activity of methanolic extracts from P.

grandiflora floral parts against Candida albicans

Mean of Inhibition zone (mm

Concentra

I Compa | Compa | conce Conc | Conce | Conce | Conce
rison rison ntrati entra | ntrati | ntrati | ntrati | tion
with with on tion on on on (80mg/ml
distille | Nystat | (5mg/ | (10m | (20m (40m (60m |)
d in ml) gml) | g/mi) | g/ml) | g/ml)
water 10mg
(0.00)
mg/ml
0.00 8.00 0.00 0.00 4.00 6.00 10.00 | 24.00
In support, scientists proved in an experimental

laboratory study using the disk diffusion method that the
extract of the morning glory plant P. grandiflora had
different inhibition rates against the growth of the fungus
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C. albicans(Purwanto A,et al.,2024). Based on
differences in polarity of extract of P. grandiflora
(aqueous, ethanolic, distilled water, ethyl acetate, n-
hexane) the aqueous extract had the strongest effect
against C. albicans based on disc diffusion method(Abu-
Serag NA et al., 2019).

Figure 1 :Candida albicans growth grown in varying
concentrations of P. grandiflora ethanol extract.

Figure 2 : Antifungal activity of aqueous extracts from
P. grandiflora floral parts against Candida albicans

3.2. Antibacterial Action

In this study Proteus mirabilus was selected to test the
activity of the aqueous and methanolic extracts of P.
grandiflora floral parts.The extracts showed a high
antibacterial activity against Proteus mirabilus. Six
concentrations of extract (5,10,20,40 ,60,80 mg/ml) were
used for the floral parts of the plant each as aqueous and
methanol extracts. The results indicated (00.00mm ,
0.00mm, 0.00mm , 10.00mm, 14.00mm, 18.00 mm)
diameter of colonies in Proteus mirabilus for aqueous
extract.The results were displayed in Table 3, and they
wrer  (00.00 mm, 3.00mm, 6.00 mm, 10.00mm,
15.00mm, 25.00 mm) diameter of colonies in Proteus
mirabilus .For alcoholic extract, the results wre showed
in Table 4.

We conclude from the results of our current experiment
that the inhibitory ability of the alcoholic extracts of the
floral parts of the plant against Proteus mirabilus was
higher than the inhibitory ability of the aqueous extracts
of the same parts against Proteus mirabilus.Further, the
alcoholic extracts showed inhibitions even at low
concentrations.

Table 3. Antibacterial activity of aqueous extracts from P.
grandiflora floral parts against Proteus mirabilus

Mean of Inhibition zone (mm )

Compa | Compa Conce | Conc | Conce | Conce | Conce | Conce
rison rison ntrati | entra | ntrati ntrati | ntrati ntrati
with with on tion on on on on

distille | Ciprofl | (5mg/ | (10m (20m (40m (60m (80m

d | oxacin ml) g/ml) g/ml) | g/ml) | g/ml) | g/ml)
water 10mg
(0.00)

mg/ml

0.00 8.00 0.00 0.00 0.00 | 10.00 | 14.00 | 18.00

Table 4. Antibacterial activity of methanolic extracts from P.
grandiflora floral parts against Proteus mirabilus

Mean of Inhibition zone (mm )

Compa | Compa | Conce Conc | Conce | Conce | Conce | Conce
rison rison ntrati entra | ntrati | ntrati | ntrati | ntrati
with with on tion | on on on on
distille | Ciprofl | (5mg/ | (10m | (20m (40m (60m (80m
d oxacin | ml) g/ml) g/ml) | g/ml) | g/ml) | g/ml)
water 10mg

(0.00)

mg/ml

0.00 8.00 0.00 3.00 6.00 10.00 | 15.00 | 25.00

Smg/ml

10mg/ml

Cipeatosacnimomi

Figure 3 : Antibacterial activity of aqueous extracts from
P. grandiflora floral parts against Proteus mirabilus
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Ciprofloxacin
Smg/ml

40 mg/ml

Figure 4: Antibacterial activity of methanolic extracts
from P. grandiflora floral parts against Proteus
mirabilus

4. ASSESSMENT OF BIOCHEMICAL COMPOUNDS
OF P. grandifilora

The analysis GC-MS ethanolic extract of P.
grandiflora floral (Figure 1) partsrevealed the presence
of five components found in Table 5 as: Benzaldehyde,
Cyclohexene,  1-methyl-4-(1-methylethenyl)-,  (S),
Linalool, Naphthalene, and Cyclohexanol, 1-methyl-4-
(1-methylethenyl)-, acetate.

It is noted that the percentage of terpene compounds
is high (Cyclohexene, 1-methyl-4-(1-methylethenyl)-, (S
: Linalool : Cyclohexanol, 1-methyl-4-(1- ) and it is
considered to be one of the highly efficient compounds
in inhibiting microbes, especially pathogenic ones in the
experimental samples, such as Candida (Candida
albicans) and bacteria (Proteus mirabilus) (AlAmery SF
& Al-Garaawi NI1,2020).

] ' 3 5

Figure 6. Chromatography plot of P. grandiflora floral
parts

Table 5. Major phytochemical composites in ethanolic
extra of P. grandiflora floral parts

No. R. t. Area %Tota | M.w | Prob Name
(min) 1 t %
1 6.399 2.214e 13.713 | 63.0 106 | Benzaldehyd
+7 e
2 8.041 9.134¢ 19.067 | 20.4 136 | Cyclohexene
+7 , l-methyl-
4-(1-
methylethen
yD-. (S
3 9.522 4.645¢ 12.359 | 33.6 154 Linalool
+6
4 10.842 2.181e 12.169 16.4 128 Naphthalene
+6
5 13.257 | 1.371e | 22.606 | 13.8 196 Cyclohexan
+8 ol, 1-methyl-
4-(1-
methylethen
yl)-, acetate
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PAPAR INFO ABSTRACT
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Accepted: 22.06.2025 Three samples of indium phosphide (InP) were prepared by electrochemical deposition
Published: 30.09.2025 method on porous nickel substrates. The results of X-ray diffraction of InP showed that it crystallizes

in one direction (220). There is an increase in the intensity of the diffraction peak with increasing
deposition time for the prepared samples. By calculating (C-V) at a fixed frequency and drawing the
relationship between the (1/C2) and (V), it was found that the slope has a negative value, indicating
that the prepared samples are of the p-type, the built-in potential (Vbi) of the samples was determined
:(ZJ,’W""ZSZ hide. EI nemical devositi to be (1.42, 1.54, 1.66)eV.(I-V) was calculated for the samples prepared for InP at different
ge;:(';'i’;(_‘;‘if/ ‘;ifj‘f'mc;z;"gle‘z';;zzlpff;;r’gz: temperatures (303,313,323)ko , the relationship between | and V showed that the current intensity
thermoelectric properti o5, " increases with increasing temperatures, and the electrical resistance (R) of the samples decreases with

increasing different temperatures, the activation energy (Ea) values of the samples ranged
(0.14,0.07,0.06) eV at different temperatures. from the study of the thermoelectric properties, it was
found that the best value of the Seebeck coefficient (S) is for the sample with a deposition time of (4h).
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Table 1. Nomenclature and Definitions Used in the Study

InP Indium phosphide € crystal lattice strain
XRD X-ray diffraction ) dislocation density
FCC Face centered cubic v barrier height of the system
wz Waurtzite Vi built-in potential

ZB zincblende R electrical resistance

ad crystal lattice constant Ea activation energy

nm nanometer K Boltzmann constant

dh distance between the crystal planes S Seebeck coefficient

N integer called diffraction order FWHM Full Width at Half Maximum
D crystallite size

*Corresponding Author Institutional Email:
emadkadhem20@gmail.com (Imad Kadhim Khudhair)



2025,Volume 2, Issue 7, PSIJK (46-52)

1.INTRODUCTION

Nanostructured semiconductors have attracted much
attention due to their good optical properties, especially
nanowires belonging to group (I11-V) which are well-
known electronic and optoelectronic materials (Li, He, et
al., 2023) , and can cover important spectral ranges
extending from the visible to the infrared range. The direct
energy gap is one of the main advantages of most
compound semiconductors of group (111-V) (Cipriano, Di
Liberto, et al., 2020), making the study of these materials
very desirable. Among these compounds is indium
phosphide (InP) (Li & Lu, 2008). Indium phosphide has a
direct energy gap (1.42-1.35) eV, at 300K° and has an
absorption wavelength between (873-918) nm (Al
Hammade, 2022) , in the infrared range (Almeida,
Ubbink, et al., 2023) , and has various applications in
electronics and optoelectronic devices as it s
characterized by high electronic mobility (4000 cm?/V.S)
(Yue, Shi, et al., 2023). The crystal structure of indium
phosphide is face-centered cubic (FCC). It exists in two
crystal forms (WZ), (ZB) as in Figure (1), and its crystal
lattice constant is (a= 5.8687A° ).Its molar mass is
(145.792 g/mol ) and its density is (4.81g/cm?).

Figure 1. Shows the crystal structure of (InP),(A) Wurtzite and
(B) zincblende (Almeida, Ubbink, et al., 2023)

Applications of indium phosphide include solar cells
(Lasheer, Fathy, et al., 2023), photodiodes, photosensitive
sensors, light-emitting diodes (LEDs) (Sticklus, Hoeher, et
al., 2020), transistors (FETS) (Malik & Kharadi, 2020),
wireless communications, medical and biological
applications (Almeida, Ubbink, et al., 2023) (Bhagya &
Kim, 2021) .InP nanowires can be fabricated using several
techniques including multiphase (vapor-solid-liquid)
method (Jafari Jam, Persson, et al., 2020) , organic
complex method (Zhang, Xu, et al., 2017) solution-phase
(liquid-solid) method, hot solution method (Wang, Dong,
et al., 2016) .laser-assisted growth method (Ahmed, Qi, et
al.,, 2023) , and electrochemical deposition method
(Zhang, Feng, et al., 2020). This is the method used in this

research. The electrochemical method is a simple and
inexpensive method compared to other preparation
methods. Many parameters (concentration, temperature,
deposition time) can be changed, which ultimately affect
the properties of the prepared compound.

2. THEORETICAL CONSIDERATIONS

Based on Bragg's law for X-ray diffraction in relation (1),
we can determine the distance between the crystal planes
(dhk|). 2dhki Sin(ehk|) =nh......... (1)

Where 6= diffraction angle, n= integer called diffraction
order, A= wavelength of X-rays (A=1.5405A°). The crystal
lattice constant was calculated using the relation (2) which
gives the crystal distance of the parallel planes in terms of
the crystal lattice constants of the face-centered cubic
structure: (Bandoh, Nkrumah, et al., 2021) (Bandoh,
Nkrumah, et al., 2021)

a=dVRZ+kZ+ 12 ......... )

where a ( crystal lattice constant). From the Scherrer
equation, the crystallite size (D) was calculated

where k= constant (0.9), f =Full Width at Half Maximum

(FWHM) of the diffraction peak, 6= diffraction angle, A=
wavelength of X-rays (Ravi & Chitra, 2020). The crystal
lattice strain (¢) and the dislocation density (8) in the
crystal lattice were calculated using the two relationships.
(Filipovic, Obradovic, et al., 2018),

d=— .ot (5), where (n=1).

The type of semiconductor can be determined from the
Schottky relationship. (Ashajyothi & Reddy, 2021) ,

1 1)\ 2
(E - E) = ceo e (Nal) W+V) ... (6), where
(e) electron or elementary charge, (&) relative permittivity,
(e0) permittivity of free space, (Nq) density of donor atoms,
(Na) density of acceptor atoms , (¥) barrier height of the
system. (Co), (C) are the capacitance per unit area of a
grain boundary biased and (V) volts. We find from the
relationship (6) that when the density of the acceptor
atoms is greater than the density of the donor atoms, (Na>>
Ng). the density of donor atoms can be neglected, and
therefore when plotting the changes in (1/C?) in terms of
the applied voltage (V) on the prepared samples, we obtain
a graph with a negative slope. This means that the
semiconductor is of the p-type, and if (Ng>> N,) then when
plotting the changes in (1/C?) in terms of (V), we get a
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graph with a positive slope, so the semiconductor is of the
N-type

The activation energy (Ea) was calculated based on the
following relationship:

I=loe®K ... (7) (Filipovic, Obradovic, et al.,
2018) (Schubert, 2022) where 1= current intensity at
temperature (T), lo = current intensity at absolute zero, k=
Boltzmann constant. Taking the (Inl) of relation (7) we
get

Il =1nlo- Ea/kT ........... 3).

The Seebeck coefficient (S) (which is the basis for
choosing the material in power generation devices) was
found for the samples prepared using the electrical circuit
shown in figure (2) within the range of temperature
changes of (310-430) k° through the following equation.

av
AT

S = —.......09) (Van & Mitterhuber, 2023) .

Ty To<Ti< T2 T

(T
Ty

Figure 2. Electrical circuit ( Seebeck coefficient)

3. EXPERIMENTAL PART

A high purity nickel substrate was taken and its surface
was smoothed with sandpaper of different sizes to obtain
a mirror-smooth surface. The substrate was cleaned with a
solution of (CH3COOH) and (CH3COCHS3;) using an
ultrasonic device to enhance the surface quality of the
substrate, after which the surface was oxidized under a
constant voltage of (40)V at (0.3)mol/L of oxyacetylene as
an electrolyte for 30min. The substrate was used as anode
and the temperature was maintained at 25°C during
oxidation. After that, the oxide layer was etched with 0.5%
of HCL at a temperature of 65°C for 20minutes. Thus, a
large number of surface pores were obtained in the Ni
substrate, which is suitable for Indium phosphide (InP)
deposition. After that, the oxide layer was removed from

the back part of the slide and attached with an insulating
tape to prevent the deposition of (InP) on the back part, but
the deposition was only on the front part that contains the
surface pores.

Indium chloride (InCls) solution was prepared by
dissolving (0.482)gm in indium oxide (In,0s3) in 50 ml of
distilled water and placing it on a magnet, then add a few
drops of (HCI) until complete dissolutionm, after that a
solution of indium chloride (InCls) and phosphorus acid
(H3PO4) was prepared.

The surface-porous nickel substrate were washed with
ethanol and then washed with distilled water. A nickel
substrate was used as a cathode and a platinum electrode
was used as an anode. They were placed in the prepared
electrolyte solution where the distance between the two
electrodes was (3cm) under a voltage (5)V. The deposition
process continued for two hours for the first substrate,
denoted as (2h), three hours of deposition for the second
substrate denoted as (3h), and four hours of deposition for
the third substrate denoted as (4h). The samples were
washed several times with distilled water and placed under
a temperature of 200 °C for two hours. Thus three samples
of InP were obtained

4. RESULTS AND DISCUSSION

Figure (3) shows the X-ray diffraction of the prepared
(InP) samples. The crystal planes formed follow the cubic
structure and they are face centered cubic (FCC), with the
appearance of three peaks for nickel and one peak for (InP)
in the direction (220). This indicates that InP crystallizes
in one direction when

=
&= =
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Figure 3. X-ray diffraction of prepared InP samples.

growing on a nickel substrate with surface pores. It is also
clear that the intensity of the diffraction peak increases
with increasing deposition time. This means that the
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growth of the samples increases with deposition time.
Based on Bragg's law for X-ray diffraction in relation (1),
we can determine the distance between the crystal planes
(dnki). The crystal lattice constant was calculated using the
relation (2) which gives the crystal distance of the parallel
planes in terms of the crystal lattice constants of the face-
centered cubic structure. From the Scherrer equation, the
crystallite size (D) was calculated using the relation (3).
The crystal lattice strain (¢) and the dislocation density (8)
in the crystal lattice were calculated using the two
relationships. (4), (5). The table (2) reveals the values of
the distance between crystal planes, crystal lattice
constanat, crystallite size, crystal lattice strain and
dislocation density for InP wires prepared on nickel
substrates with surface pores in the (220) direction where
there is an increase in the values of (¢) and () and a
decrease in the values of (D).This indicates the presence
of crystal distortion

Table 2. Shows the results of X-ray diffraction of the prepared
InP wires.

20 d(A°) a(A%) B (rad) D(nm) [ex10* [6x10%
(lines” (lines/m?
‘m*) )

2h  |43.8 [2.065 [5.83 [0.0034 (4590 |7.88 4.74

3h 438 [2.065 [5.83 [0.0061 (2558 |14.14 [15.28

4h |43.8 [2.065 |5.83 [0.0087 (17.93 |20.18 (31.10

To determine the type of semiconductor, the capacitance
was measured with a device (LCR- meter) with a variable
voltage (0.1-2)V at a fixed frequency (1KHZ) at room
temperature. From the relationship between (1/C?) and (V)
for the prepared samples, the graphs shown in figure (4)
showed linear relationships with negative slopes. This
indicates that the semiconductor formed is of the p-type.
Even at voltage (0.5)V the slope is negative and at values
greater than (0.5)V the slope is also negative. Thus, the
total slope is negative. As shown in the figure (4) there is
a large decrease in capacitance at (0.22)V and a small
decrease in capacitance that is almost constant when the
voltage increases to (2)V.

2h
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Figure 4. Variations of (1/C?) with respect to (V) for prepared
samples

Figure (4), we find the built-in potential (Vi) of the
samples prepared from the point of intersection of the
slope line with the V-axis, we notice that increases the
deposition time of the prepared samples increases the
values of (Vi) as shown in table (3)

Table 3. Vi values for prepared samples.

Deposition time 2h 3h 4h

Vi (eV) 1.42 1.54 1.66

To identify the electrical properties of the prepared
samples of (InP), the (1-V) characteristics were studied at
different temperatures (303, 313, 323) k° As shown in
figure (5), the relationship between current and voltage is
a linear relationship, and the current intensity increases
with increasing temperature, which in turn increases the
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movement of charge carriers, leading to an increase in resistance with

electrical conductivity.

By studying changes in electrical
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Figure 5. (I-V) For samples prepared InP at different

temperatures.

temperature changes of (303, 313, 323) k° for the samples

prepared at (300)mV, and as they are shown in figure (6)

0.92 o

0.90 +

0.88 -

0.86 -

0.84 +

0.82 4

. 0.80 2h
50 1(IJO 1%0 2(I)0 ZéO 3(I)0 0.78 - 3h
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) 300 33]5 310 315 3;0 3%5
T(k%)
Figure 6. Shows the decrease in electrical resistance (R) of InP
100 with increasing temperatures.
1 1ma) . ) ) ) )
350 323k>  3h / The data exhibits an approximately linear relationship.
200 ] = 313k° This is due to the increase in the movement and density of

charge carriers thermally, which indicates that the behavior
of InP is a natural behavior for semiconductors, as the
electrical resistance of the prepared samples decreases with
increasing temperatures according to table (4).

Table 4. Showing the decrease in electrical resistance of InP
samples with increasing temperatures

V(mv)
2h 3h ah
T(K) R(Q) R(Q) R(Q)
303 0.92 0.87 0.85
o) 313 0.85 082 080
0 323 0.80 0.78 0.77

The relationship between (Inl) and (1/T) is shown in the

figure (7).
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Figure 7. Shows the changes in (Inl) as a function of (1/T) for
InP.

From the slope of the straight line in the curves resulting
from figure (7) and by applying the relationships (7),(8)
the (Ea) values for InP were calculated at temperatures of
(303, 313, 323) k° as shown in table (5).

Table 5. Shows the (Ea) values of InP.

Depositin time Ea(eV)
2h 0.14
3h 0.07
4h 0.06

00025

——1h
) ——1h
o — i

00015 |

S (VIK) x10°%

0.001 |

0.0005 |

310 330 350 370 350 410 430

T (X)

Figure 8. Shows the changes in (S) as afunction of temperature
changes for InP.

Using relation (9) the Seebeck coefficient (S) was found.
Figure (8) shows that (S) has a positive value. This
confirms that the formed semiconductor is of the p-type.
The best value of (S) for the sample is InP at a deposition
time of (4h).

5. CONCLUSION

The results of X-ray diffraction of InP showed that it
crystallizes in one direction (220), and increase in the
intensity of the diffraction peak with increasing deposition
time for the prepared samples. It was found from the
calculation of (C-V) that the slope is negative value. This
indicates that the prepared samples are of the p-type. (Vbi)
which was determined to be (1.42, 1.54, 1.66) eV. This
increases the deposition time of the prepared samples and
increases the values of (Vy;). (I-V) was calculated for the
samples prepared for InP at different temp (303,313,323)
k° .The relationship between | and V showed that the
current intensity increases with increasing temp, and
electrical resistance (R) of the samples decreases with
increasing different temp. (Ea) values of the samples
ranged (0.14,0.07,0.06) eV at different temp. Seebeck
coefficient (S) is positive for prepared samples. This
confirms that the formed semiconductor is of the p-type.
The best value of (S) for the sample is InP at a deposition
time of (4h).
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Solving (LODEs) with constant coefficients is a core engineering and applied mathematics
task. For a long time, several differential transform and integral methods have been developed to

facilitate these equations and to get accurate analytical solutions, such as Laplace [1-5], Al-Zughair [6],
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examine the capability in solving (LODEs) with constant coefficients.
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Table 1. Nomenclature and Definitions Used in the Study

RA R.Al-Tememe Transform

(RA)™! The inverse of R.Al-Tememe transform
eq. equation

LODEs Linear Ordinary Differential Equations

ODEs Ordinary Differential Equations

1. INTRODUCTION

In many scientific and technical fields, differential equations both
ordinary (ODEs) and partial (PDEs) are crucial instruments for
simulating dynamic processes. Their answers are essential to
comprehending mechanical, biological, and physical phenomena.
However, it is frequently difficult to find analytical solutions to these
equations, particularly for complex or nonlinear systems. This has
spurred the creation and use of a number of integral transforms that
reduce the complexity of solving differential equations by transforming
them into algebraic forms. This has traditionally been accomplished
using classical transforms like the Laplace and Fourier transforms.
Analytical or semi-analytical solutions for linear and nonlinear
differential equations with both constant and variable coefficients have
been successfully obtained using these methods.

To solve linear ordinary differential equations with constant
coefficients, a number of genuine integral transforms have been
proposed recently: Kumar and Prasad's (2025) New Integral Transform
is specifically used for ODEs with constant coefficients. Effective for
ODEs and PDEs, the Shehu Transform generalizes both the Laplace
and Sumudu transforms (Maitama & Zhao, 2019). (April 2025)
examined dual Shehu Transform variations, connecting Shehu to other

*Corresponding Author Institutional Email:
prof-ali57hussan@gmail.com (Ali Hassan Mohammed)

which has a kernel (

traditional transforms for fractional ODEs (Mlaiki et al., 2025). Higher-
order linear ODEs with constant coefficients are the focus of the two-
parameter MAHA Transform (2024) (AlSaoudi et al., 2024). For first-
and second-order linear ODEs with constant coefficients, the Kamal
Transform (2024) was examined in relation to Hyers-Ulam stability
(Anderson, 2024). These reliable sources highlight new developments
in analytical tools for solving ODEs with constant coefficients and
highlight the growing interest in specialized integral transforms.

The purpose of this study is to present and investigate the characteristics
of a new integral transform called the R. Al-Tememe Transform. Its
formulation, inverse, and application to the solution of linear ordinary
differential equations with constant coefficients will all be covered. Our
objective is to show how this cutting-edge tool might function as a
useful substitute for conventional transforms, possibly providing
improved accuracy and application simplicity.

(In(inp))™-*

YTy ), and the general form of it:

® (In(InM))-1

RA(S(In(InM))) = M (InM)

$(n(InM)))dM

e
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Where M € [e,e®],i>0,f # 1

2. R. A. TRANSFORM FOR THE FUNDAMENTAL
FUNCTIONS

Table 2. This table represents the relation of R.Al-Tememe

with some functions

R. A(f(ln(lns))) Region of
Function (In(Ins))P~1 Convergen
“sans) f(n(Ins))ds ce
e
=F(p)
1 1 p>0
P
m, m p>0
m a is constant p
(In (Ins))" 1 p>-n
n=123.. p+n
(In(In(ins))H™ =D"n! p>0
n.1.2,3.. pn+t
cos (a(In(In(ins)))) _pr p>-—a
a is a constant p?+a?
sin (a(In(In(Ins)))) —a p>-a
ais a constant p?+a?
cosh (a(In(In(Ins)))) p [p—al>0
ais a constant p?—a?
sinh (a(In(In(Ins)))) —a [p—a|>0
a is a constant p? —a?

R.Al-Tememe transform for deriving
Theorem:

Let us consider that y = y(In(In(Ins))) so, we define
the R.Al-Tememe Transform (RA)for y as the
following:

e€ (In(ins))P~1
s(ins)

RA(y(In(In(Ins))) = |, y(In(In(ins)))ds,
This integration will be defective and p > 0,p # 1 and
we consider y(—) = y'(—o) = :-- y*(—00) = 0 then:

1. RA[y'(In(In(Ins)))] = y(0) —
py(In(In(Ins)))

Proof:

RA[y'(In(In(ins)))] =

[o° U DP (1 (In(lns))) ds

e s(ins)
By part integration to solve the above integration

Let
u = (In(ins))? - du =

v = M ds - v = y(ln(ln(lnS)))

s(Ins)(In (Ins)

((m(zns))?’—i) ds

s(Ins)

RA[y'(In(In(ins)))] = (In(lns))Py(In(In(ins))|E" —

f:e % y(In(In(Ins)))ds
= y(0) — py(In(In(Ins)))
2. RA[y" (In(In(Ins)))] = y'(0) —
py(0) + p?RA[y(In(In(Ins)))]
Proof:
RA[y" (In(In(Ins)))] =
f:ei(l“f?;)jf " (In(in(ins))) ds

By part integration to solve the above integral
p-1
u = (In(ins))P - du = (M)

s(lns)
dv = y"(In(In(lns)))ds » v =
y'(In(In(Ins)))
RA[y" (In(In(Ins)))] =
(In(ins))Py’ (In(In(lns)))|&° —

[oC U s (1 (In(lns)))ds

e s(lns)
e p-1
[& @URDT (1 (In(lns)))ds

=Y (O) - e s(lns)
Let

(In(lns))P~1

u= (ln(lns))p —du = p s(Ins)

dv = y' (In(In(Ins)))

= SansynGnsy VY (In(In(Ins)))

=y -p [(ln(lns»py(ln(ln(Zns))) o -

-
) f: (1n(SLZS))) y(ln(ln(lns)))]

RA[y" (In(In(Ins)))] = y'(0) — p[y(0) —

pRA[y(In(In(ins)))]]
= y'(0) — py(0) + p*RA[y(In(In(ins)))]

3. RA[y"'(In(In(Ins)))] = y"(0) —

py'(0) + p*y(0) — p*RA[y(In(In(Ins)))]

RA[y”’(ln(ln(lTlS)))]
[&¢ AnUn P2 o (1 (1n(ins)) ) ds

e s(Ilns)
By using partial integration to solve the above
integration
(In(Ins))P~1

u= (ll’l(lns))p - du= p( s(Ins) )dS
_ Y nnn)
v= s(ins)(In(Ins)) ds > v =y"(Inin(Ins)))
Then
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RA[y""(In(In(Ins)))] =
(In(lns))Py" (n(In(lns))|E" -
fee (n@ns)P~2 y"(In(In(Ins)))ds

e s(ins)
" € (In(l p-1
=y"(0) = p [{ U0y (In(In(ins))) ds

By part integration to solve the above integral dv =

y"' (In(In(ins))) o
s(ind)(In(Ins)) =Y (ln(ln(lns)))

(In(ins)P~1

u = (In(ins))? > du=p s(ins)

= y"(0) -
p[(n(ins))Py’ (n(In(lns))) |¢° -
[&€ WUnDPE o n(In(ins)) ds

e s(lns)
(In(ins))P~1
= [N =p—
u = (In(Ins)) du %)

_ ¥'(In(In(Ins)))
~ s(Ins)(In(Ins))
=y (In(In(Ins)))
=y'(0) -
D [(ln(lns)

1
e Y(ln(ln(lns)))]

=y"(0) — p[y'(0) — py(0) +
p?RA[y(In(In(Ins)))]]

RAy"'(In(In(Ins))) = y" (0) — py'(0) + p*y(0) —
p3RA[y(In(In(Ins)))]

4. RA[y™(In(In(Ins)))] = y"'(0) — py" (0) +
2y'(0) — p*y(0) + p*RA[y(In(In(Ins)))]

ds

-1 .
J L i ninins))) ds

Using the partial integration to solve above integration

we get
-1
w= )y — = p (P2 g

s(Ins)

_ yi”(ln(ln(lns))) T
dv = s(Ins)(In(Ins)) ds > v= y (ln(ln(lns)))
(In(tns))Py" (In(In(lns)) ¢’ -p
e€ (In(ins))P~ y
o Ty ¥ (n(n(ins)))ds
77 e (ln(lns))p "
=y"(0) —p [, = Gn—Y" (n(n(ins)) ds
=y""(0) - pp[};”(ﬂ)—
e€ (In(ins))P~ "
pJ, samsy Y/ (In(n(ins)))]ds
=y"'(0) = py"(0) = P*[y'(0) -

fee (In(ins))P~1

e s(ins)

y’(ln(ln(lns)))ds]

=y"(0) = py"(0) +p?y’' — p* [y(0)
p ¢ DTy (In(in(ins)))ds]

e s(lns)

RA[y™(In(In(Ins)))] = y""(0) — py"(0) + p*y'(0) —
p*y(0) + p*RA[y(In(In(ins)))]
In general
RA[y™(In(In(Ins)))]
=y 10) —py™ 2 + ...
Fp"'y(0) £ p"RA[y(In(In(Ins)))]

(ln(ln(lns))) — 3y(In(In(Ins))) = sm(ln(ln(lns))),
with conditiony(0) =1 ... (1)
Take RA transform for eq. (1) we get
3’(9) — pRA[y(In(In(Ins))] — 3RA[y(In(In(Ins)))] =

p2+1
~(p +3)RA[y(In(In(tns)))] = 57
RA[y(In(in(ins)))] =

... (2
To find y(In(In(ins))) take the inverse to RA transform
to eq. (2) we get

y(In(In(ins))) = (RA)™* (pz—+2)

2+p?
(P+3)(p2+1)

®P+3)(p%+1)
p2+2 _ A Bp+C
@+3)(@%+1) p+3  p?+1
__ Ap*+A+Bp?+3Bp+Cp+3C
(p+3)(p%+1)

A+B=1,3B+(C=0,A+3C=2

11 -1 3
A:—’Bz—’Cz—
10 10 10

- [ 22

(p+3) pZ+1

y = 35 (n(ns))? = 5 cos(in(in(ins))) -
% sin(In(In(Ins)))

y'(In(In(Ins))) + 2y(In(In(lns))) =
sinh(In(in(Ins))) with condition y(0) = 0 ... (3)

Using RA transform for eq. (3) we get

)’_(9) — pRA[y(In(In(Ins)))] + 2RA[y (In(In(Ins)))] =

p3-1

—(» — 2)RA[(In(In(Ins)))] =

2-1
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1

RA[y(In(In(Ins)))] = DD

(@)

To find y(In(In(Ins))) take (RA)~for the eq. (4) we
get

y(In(In(lns))) = (RA)™? (;)

®-2)(?-1)

1 _ Ap+B
(r-2)(p?-1) p?-1

Cc
+ JR—
p-2

__ Ap%-24p+Bp-2B+Cp?—C
(»-2)(p%-1)

A+C=0,-2A+B=0,-2B-C=1

y(n(n(ins))) = (RA)™* [% +p% ]

= —%cosh (In(In(lns))) +
Zsinh (In(In(ins))) + 3 (In (Ins)) 2

Example; To solve the differential eq.

y"(In(In(Ins))) + y(In(In(lns))) = (In(In(lns)))
with conditions y(0) =1,y'(0) =0 ... (9

Take RA transform for eq. (5) we get

y'(0) — py(0) + p*RA[y(In(In(Ins)))] +

RA[Y (in(In(ins)))] = - -

—p + (p? + DRA[y(In(In(Ins)))] = _piz

(p? + DRA[y(In(In(Ins)))] = p;l

RA [y(ln(ln(lns)))] = pzzz:,;.,l_l)
.. (6)

To find y(In(In(ins))) take inverse of RA transform for
eq. (6)

y(In(In(lns))) = (RA)™! [ p3-1 ]

p2(p?+1)

p3-1 _ Ap+B | Cp+D
p2(2+1)  p?  p2+1

__ Ap®+Ap+Bp?+B+Cp3+Dp?
N P2(p2+1)

A+C=1,B+D=0

A=0,B=-1,D=1,C =1,then

y(In(In(Ins))) = (RA)™* [_piz + p“]

p2+1
= (In(In(Ins))) + cos (In(In(Ins))) —
sin (In(In(Ins)))

y"(In(In(Ins))) = (In(In(ins)))3 + 3, with conditions
y(0)=0y'(0)=1 (7

Take RA Transform for the eq. (7) we get

3

¥'(0) = py(0) + p?RAly(In(n(lns))] = ~— +>

14
p?RALy(in(in(ins)))] = ~H2=2"
RA[y(In(In(Ins)))] = % . ®)

Take the inverse of RA Transform for eq. (8) to get
y(In(In(ins)))

y(In(in(ins))) = (RA)~ (22=°)

y(n(n(ns)) = RO™ (55 + 5 - %)

= (In(In(lns))) — % (In(In(ins)))? +
%(ln(ln(lns)))s

Example: To solve the differential eq.

y"'(In(In(Ins))) — y"(In(In(lns))) =
sinh (2 In(In(Ins))) ... (9)

with condition y"(0) = y'(0) = y(0) =0
Take RA Transform for eq. (9) we get

y"(0) = py'(0) + p*y(0) — p*RA[y(In(In(Ins)))] —
y'(0) + py(0) — p?RA[y(In(In(Ins)))] = —-

p?-4
—p%(p + DRA[y(In(In(Ins)))] = ,:4
RA[y(In(In(Ins)))] = m
... (10

To find y(In(In(ins))) we take the inverse of RA
Transform for the eq. (10) we get
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y(In(in(ins))) = (RA)™ |

2
pz(p+1)(p2—4)]

2 __ Ap+B c Dp+E

p2(P+1)(p2-4) p? p+1  p?-4

defining, inverting, and applying the R. Al-Tememe
Transform, we have demonstrated how this technique can
be used to simplify differential equation solving,
especially when more conventional transforms might not
be sufficient or become unwieldy. According to our
research, this transformation is a useful supplement to the

Ap*+Ap3—4Ap?—4Ap+Bp3+Bp?—4Bp-4B+Cp*-4Cp?+Dp*+Dp3+Ep3+Ep®current collection of mathematical tools utilized in

p2(P2-4)(p+1)

A+C+D=0A+B+D+E=0,-4A+B—-4C+
E=0 —4A—-4B=0

B=_llA=llC=__lD=llE=__
2 2 6

-4

y(InQn(ins))) = (RA)* (2524 =2 4 £ ]

L nana 2 n(l
_§+§(n(n(ns)))—§(n(n5))

+ %cosh (2In(In(Ins)))

1
+ Esinh (2 In(In(Ins))

3. CONCLUSION

In this study, linear ordinary differential equations with
constant coefficients are solved using the R. Al-Tememe
Transform, which is essential for mathematical modeling
in many scientific and engineering domains. Its promise
as a potent analytical tool that streamlines the process of
solving such equations is demonstrated by the creation
and application of this innovative transformation. By

analytical and computational procedures since it provides
simplicity, accuracy, and flexibility.
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Table 1. Nomenclature and Definitions Used in the Study

NOMENCLATURE

k; length of words of plaintext M Zipr Ilnzd;ces to the ring of integers modulo
M plaintext P Plaintext block i (matrix form)
A Invertible transformation matrix (2x2) | x the padding character
B Offset matrix (2x2) V(graph) represents the vertex set of a graph.
G Graph used in the Cartesian product Subscripts

A secret keyword-generating Graph

that is used in the Cartesian product i Indices (words)

graph.
G Ciphertext block j j Indices (blocks)
|H| The length of H n Indices total words in the plaintext.

1. INTRODUCTION

The exponential expansion of digital
communication and the growing complexity of cyber-
attacks have rendered traditional encryption methods
insufficient. Consequently, modern research increasingly
favors hybrid encryption models that combine multiple
layers of protection, aiming to enhance complexity and
security without significantly impacting performance.
Traditional schemes such as Affinity ciphers, Huffman-
based techniques, and graph-theoretic methods are

*Corresponding Author Institutional Email:
ihsanmrasheed@uokerbala.edu.iq (Ihsan Mezher Rasheed)

examples of traditional systems that only partially answer
the cryptography problem. None of them offer a thorough
balance of transformation, compression, algebraic
processing, and structural complexity. Our work suggests
a hybrid symmetric cryptosystem that combines
Cartesian product graphs, affine matrix transformations
(executed through matrix multiplication), and Huffman
coding in order to close this gap. Although it uses matrix
multiplication for affine operations, this combination
improves computational and structural security, provides
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greater resistance to statistical and brute-force attacks,
and it is still computationally feasible for contemporary
communication systems and resource-constrained
settings.

2 .PREVIOUS WORKS

One foundational approach is presented by
Beena Kittur et al. (Kittur et al., 2022), who proposed a
symmetric encryption model based on Huffman coding
combined with an affine transformation, achieving initial
value obfuscation. In another direction, Marwah Ali
Hussein Ali et al. (Hussein Ali et al., 2023) introduced a
cryptographic model based on the Cartesian Product of
Graphs (CPG), which enhanced structural encryption by
mapping plaintext into graph-based representations.
Furthermore, Hassan Rashed Yassein and Hadeel Hadi
Abo-Alsood (Abo-Alsood & Yassein, 2021) introduced
an enhanced NTRU encryption that boosts efficiency and
security. To improve performance and defend against
lattice-based assaults, their system makes use of
sophisticated matrix operations. This connection is
especially pertinent to our work because our proposed
hybrid cryptosystem extends the reach of matrix-based
cryptography into a multi-layered encryption framework
by utilizing matrix multiplications, specifically through
affine transformations, in conjunction with Huffman
coding and Cartesian product graphs. Additional studies,
such as that by Khalid Bekkaoui et al. (Bekkaoui et al.,
2020), applied Hamiltonian cycles and divide-and-
conquer strategies to graph-based encryption, offering a
modular and scalable model for lightweight
cryptographic applications. Similarly, P.A.S.D. Perera
and G.S. Wijesiri (Perera & Wijesiri, 2021) explored
encryption based on matrix graph transformations and
key mixing, providing another dimension of
cryptographic diffusion. Notably, Ahmed A. Omran et al.
(Omran et al.,, 2024) investigated even sum edge
domination in graphs, a concept that can inform the
development of graph-based encryption schemes.

3. ESSENTIAL FACTS
Table 2. Standard ASCII Table: Complete Sequential Display(127-0)

Dec Char Dec Char
NUL
SOH 32 SP (%)
STX 33 !
65 A 97 a
122 z 125 }
123 { 126 ~
124 | 127 DEL

Note: For character representation in this work, we will
only use the first 127 characters (from decimal 0 to 126)
of the conventional ASCII encoding. The last ASCII

character (decimal value 127), which stands for the DEL
(Delete) control character, will not be taken into account.

4. PROPOSED CRYPTOSYSTEM
Building upon these foundational works, this
paper proposes a novel symmetric encryption model that
unifies three independent security principles into a
layered structure:
e Huffman coding for statistical compression and
frequency masking,
e Affine matrix transformation for mathematical
diffusion and value distortion,
e Cartesian product graph encoding for structural
complexity and topological obfuscation.

The synergy of these layers results in a model that is
computationally secure, structurally ambiguous, and
highly adaptable. A comprehensive procedural
description, mathematical foundation, and
encryption/decryption example (using the word
"mathematics") are presented.

The model's security is analyzed and compared to
previous schemes to highlight its robustness and
adaptability in modern applications such as secure graph
communications, embedded systems, and the Internet of
Things IoT.

4.1 Encryption Procedure
Shared Secret Keys (k;, Leaf Levels, 4, B, H;)

PUBLIC PARAMETERS:
e In this scheme, each word in the plaintext is
individually encrypted and transmitted along
with its corresponding length (denoted by k;)
o Leaf Levels: Depths of leaf nodes in the
Huffman tree

Step 1: using English characters represented in ASCII
Table 2., that are represented by numbers. The user can
select a plaintext word or an English sentence made up of
a few words, with 126 letters available for selection.

Step 2: The length of the plain text (k;) has been added
to each of these quantities individually, Modulo 127.

Step 3: A pseudo-Huffman tree is constructed where
values derived from (the numerical output of the
preceding encryption layer + k; mod 127) are treated as
frequency weights for symbolic nodes. This ensures that
the Huffman tree's structure remains ambiguous to an
unauthorized party, as its construction is based on a
secret, intermediate encrypted value rather than the
plaintext ASCII.
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Step 4: Decimal equivalents are created using the prefix
codes of the letters that were found to be leaves in the
pseudo-Huffman tree.

Step S: The sender transmits this ciphertext to the
recipient by adding (each leaf's level to the decimal
equivalent that was determined in step 3) modulo 127.

Step 6: The ciphertext resulting from the previous phase
is segmented into multiple 2x2 matrices P;. In cases
where the total number of characters is not divisible by
four (the matrix block size), padding is applied to fill the
remaining positions in the final matrix. For consistency,
the padding character is chosen as 'the letter x', and its
corresponding ASCII value according to Table 2. is used
during encryption.

Step 7: Using a Matrix Affine Transformation, the
sender encrypts the ciphertext that was obtained in step 6
once more.

Matrix Affine Transformation is defined by the following
equation:

C; = (Ax P; + B) mod 127
Where:
A: Invertible transformation matrix (2x2).
B: Offset matrix (2x2).
P;: is the matrix representation of the plaintext or the
output from the previous encryption level (step 6).

Step 8: The numerical values obtained after encryption
are first mapped back to their corresponding characters
using the standard ASCII table. These characters are then
used to construct the graph structure. Specifically, the
encrypted characters are grouped into a primary set G,
which represents the first component of the Cartesian
product. A secondary set H , which is derived
deterministically from a randomly chosen secret
keyword, to form a secure foundation for the
construction of the Cartesian product graph, by the
following steps:

e Each character in the key corresponds to a unique
vertex.

e Anedge is drawn from each character to the next in
sequence.

e This creates a linear path reflecting the exact order
of the key characters.

Step 9: Computing the ciphertext as a Cartesian Product
of Graphs (CPG) of two graphs, by the following steps:

1. The Cartesian product graph (CPG) of two simple
graphs G and H is denoted as GH where:

V(GH) = {(u,v):u € V(G) and v € V(H)}

2. In this graph, the vertices (u,v) and (u,v") are
adjacent if and only if one of the following
conditions is satisfied:

e Condition 1: u = u’ and v is adjacent to V' in
H.

e Condition 2: v = v’ and u is adjacent to u’ in
G.

Pseudocode Encryption Procedure

Input: Plaintext

Output: Final Ciphertext

Step 1: Convert charters to ASCII

Step 2: Add length of plain text (k;) mod 127 to each
value

Step 3: Build Pseudo-Huffman Tree using encrypted
values as weights

Step 4: Convert binary prefix codes to decimals

StepS: Add leaf level to its decimal mod 127

Sept 6: if Length divisible by 4

Segment into 2x2 matrices

else Pad with 'x'

Segment into 2x2 matrices

end if

Step 7: Apply Affine Transform C; = A X P, + B
mod 127 to each matrix

Step 8: Map numbers to chars (G) and Construct Graph
H from secret keyword

Step 9: Compute Cartesian Product Graph G * H and get
the final Ciphertext GH = G *x H

End.

4.2 Decryption Procedure
To obtain plain text, execute these steps:

1. Extract the G and H sets from the Cartesian product
graph.

2. Apply the inverse affine transformation.

3. Subtract leaf levels from numerical values to obtain the
original Huffman decimal codes.

4. Convert decimal numbers into binary prefix codes.

5. Restore the original text with the Huffman tree.
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5. EXAMPLE
5.1. Encryption Procedure

Step 1: Convert Plaintext to ASCII Values.

Each character in the input plaintext is translated to its

matching ASCII code using Table 2.
Plaintext = Mathematics ASCII values:
[77,97,116,104,101,109,97,116,105,99, 115].

Step 2: Add Plaintext Length Modulo 127
length k = 11. Add k to each ASCII value (mod 127).

Modified values are:

[88,108,0,115,112,120,108,0,116,110,126].

Step 3: Build a pseudo-Huffman tree from the values

above.

V10
1003

/ \
V8 V9

463 540

v4 Vs V6 v7

227 236 126 414
V \1 °/ \1
h

115 116 120

Figure 1. Convert Plaintext to ASCII Values

Table 3. Summarized steps (4 and 5)

Characte | Huffma | Decima L: ) Encrypte
r n Code 1 leve | d values
1
M 1100 12 4 16
A 1101 13 4 17
T 1000 8 4 12
h 001 1 3 4
e 000 0 3 3
m 011 3 3 6
a 1110 14 4 18
t 1001 9 4 13
i 010 2 3 5
C 1111 15 4 19
S 010 5 3 8

Step 6: Form 2x2 Matrices
n=(i =02 %)
P = (Z T) (138 163)

_ (i c 5 19
and Py = (0 7)= (5 120)
Step 7: Apply Affine Matrix Transformation

an=G Po=C

Where C; = (A X P; + B) mod 127

C, = (A X P, + B) mod 127

= Gg 147) X (i 3) + (1 1) mod 127
= (2? Zg) mod 127

G = (138 163) x (i 3) + (1 1)
= (ég éi) mod 127
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G = (zsa 11290) x G 3) + G D
= (13455 25645) mod 127
= (ig i;}) mod 127

Therefore

o=l )

C, = (DéE SZN)

Cs = (i V6T)

Mathematics » G =BS)DLESYN$Q#vVT

Steps (8 and 9)
The encryption key H selected is All2.

Then, using the Cartesian product of graphs to
generate a complicated encrypted graph to send it to the
recipient as follows:

01020202 0,0 2GR G,0,0,0

Figure 2. using the Cartesian product of graphs to
generate a complicated encrypted graph to send it to the
recipient

5.2. Decryption Procedure

Step 1: Retrieve the Cartesian Product GH Graph and
decompose it into G and H and extract vertex values: G

Step 2: Convert data to numerical values, then recombine
them into a 2x2 matrix from the flat list.

Step 3: Apply Inverse Affine Transformation
P, = (C; — B) Xx A”* mod 127

Such

P, = (C; — B) X A~* mod 127

(DG D) Dmearz

=85x (50 92)x (2 F)mod1z7
=85 (;‘2 i%) mod 127
= (12 147) mod 127

Continuing the calculations to identify the remaining
components.

Step 5: Subtract Leaf Levels
Step 6: Convert Decimal to Huffman Binary
Step 7: Decode Using Huffman Tree

Plaintext = Mathematics

6. SECURITY ANALYSIS
6.1. Resistance to Attacks

The proposed encryption model employs a multi-
layered security architecture incorporating Huffman
compression, affine matrix transformation, and Cartesian
graph structures, which collectively strengthen its
resistance to various types of cryptographic attacks:

e Brute-force attacks Brute-force attacks are
computationally infeasible due to the
exponentially large key space introduced by
variable-length Huffman leaf levels, invertible
affine matrix pairs, and complex graph
combinations.

e  Statistical attacks are mitigated through the
Huffman compression step, which removes
predictable frequency patterns commonly
exploited by attackers.

e Structural analysis attacks are complicated by
the final encoding into a Cartesian Product
Graph (CPG), which effectively obfuscates
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direct relationships between ciphertext and
plaintext.

6.2. Cryptanalysis Perspective

Assuming the plaintext consists of n words
Wy, W,,..., W,, each encrypted independently, the brute-
force key space complexity is calculated as follows:

e FEach word W; has a length k;, where 1 < k; <
126 (based on the usable ASCII range 0—126).

e  The number of possible length combinations for n
words is 126™ (since each k; has 126 as a maximum
possible value). This term (126™) represents only the
complexity of guessing the words’ lengths, not the
actual plaintext.

e In the affine transformation stage, we consider all
possible combinations of transformation matrix A
and offset matrix B:

o For B:127* possible 2 x 2 matrices (each
element in Z127)

o For A: The total number of invertible 2 x 2
matrix structures over Z4,7 (Morrison, 2006) is:

(1272 — 1)(1272 — 127)

Furthermore, the final encryption layer, which employs
the Cartesian product of graphs, provides its own key
space. If the number of vertices in the second graph H is
|H|, then the Cartesian key space becomes: 126/

6.3. Assumptions Clarification

Independence of Components: The calculation assumes
that the encryption of each word and the transformations
applied are independent of one another. This means that
the choice of key for one component does not affect the
others, allowing for a multiplicative combination of their
respective key spaces.

e Choice of n: The variable n represents the
number of words in the plaintext. The
assumption is that this number can vary, and
thus, the total key space scales exponentially
with n.

e Choice of I|HI: Similarly, |H| refers to the
number of vertices in graph H. The assumption
is that this can also vary, which impacts the
Cartesian key space contribution.

Consequently, the total brute-force key space is the
product of these components:

Total Key Space
= (Key Space for k;)
X (Key Space for A and B)
X (Key Space for H)

Total Key Space
= 126" x ((127% — 1)(127?
—127) x 127* x 126/

Such complexity is well beyond the capabilities of
current high-performance computing systems.

6.4. Comparative Security Analysis

To strengthen the evaluation, we consider the
following metrics:

Resistance to Specific Attacks: Analyzing how each
model fares against known attack types, such as brute-
force, statistical, and structural attacks.

Structural Complexity: Assessing the depth of
structural security provided by each model, particularly
in the context of data encoding and transformation.

e Beena et al. (Affine + Huffman): This model
demonstrates effective compression and initial
obfuscation. However, it lacks structural
complexity. By introducing a topological
encryption layer using CPGs, our model
significantly enhances structural security.

e Marwah et al. (CPG-only): Their work
emphasizes graph-based structural encoding but
omits value transformation and frequency
masking.

e OQOur hybrid model brings together all three
security dimensions.

e AES (Advanced Encryption Standard):
Although AES continues to be the gold standard
in symmetric cryptography, our model offers
specific advantages for scenarios involving
structured data, such as encrypted graphs or
network communications. Furthermore, it is
flexible enough to support future integration
with public-key systems or hardware-based
enhancements.

7. CONCLUSION

This paper introduced a novel hybrid symmetric
encryption scheme combining Huffman coding, affine
matrix transformation, and the Cartesian product of
graphs. The proposed method delivers high structural and
computational security by blending data compression,
algebraic transformation, and graph theory. The system
proves resilient against brute-force and statistical attacks,
and it holds promise for adaptable use in secure
communications, structured data protection, and
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lightweight cryptographic systems in constrained
environments like IoT. Future research can explore how
using the tensor product of graphs might improve the
security of graph-based cryptographic systems, along
with adding additional security mechanisms, and
exploring extensions to public-key frameworks or
hardware-level integration.
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