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Abstract:

Dental caries is a common and chronic condition caused by bacterial activity that erodes the
tooth structure. Streptococcus mutans is the main causative bacteria, which adheres to tooth
surfaces and breaks down carbohydrates to produce acids. These acids demineralize tooth
enamel, leading to caries. In the current research, the focus was on eugenol and steviol
glycosides, which have medicinal properties. Eugenol is a natural compound with analgesic,
antibacterial, antiviral, and antioxidant properties, making it a promising option in caries
prevention. Steviol glycosides are substances extracted from the stevia plant, and have a wide
range of health benefits, including their ability to prevent caries, but their mechanism of action
is still under investigation. The aim of the study was to evaluate the efficacy of steviol
glycosides compared to eugenol in their interaction with GbpC protein in Streptococcus mutans,
and to provide evidence for the potential use of steviol glycosides as a natural option for the
prevention of dental caries. In this research used an in-silico approach to investigate complexes
of 5UQZ (Glucan Binding Protein C) in chain A with eugenol as a control and Steviol
glycosides. A virtual screening experiment was performed using PyRx software to improve the
accuracy of the association between the compounds and the target protein. The results showed

that eugenol achieved a binding degree of -5.9 kcal/mol, while steviol glycosides recorded a

L
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

e —
1



https://doi.org/10.32441/kjps.10.2.p1
https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
https://isnra.net/index.php/kjps
mailto:rasha.talib@coeng.uobaghdad.edu.iq
mailto:baidaa.hamad1105a@csw.uobaghdad.edu.iq
mailto:rasha.talib@coeng.uobaghdad.edu.iq
https://isnra.net/index.php/kjps/article/view/2026
https://doi.org/10.32441/kjps.10.02.p1
http://creativecommons.org/licenses/by/4.0/

Baydaa Hamad Obaid Selah*. / Al-Kitab Journal for Pure Sciences (2026); 10(2):01-12.
—

higher binding degree of -9.8 kcal/mol. These results indicate that steviol glycosides have a

higher efficacy in interacting with the target protein than eugenol. This research highlights the
promising potential of steviol glycosides as a natural option for combating dental caries, and
lays the foundation for future studies aimed at developing effective and sustainable oral health
products.

Keywords: Bioinformatics Tool, Steviol Glycosides, Streptococcus Mutans, Eugenol,
docking accuracy, PyRx
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1. Introduction:

Dental caries are a major dental and public health hazard worldwide, particularly among low-
income people. Frequent consumption of dietary carbohydrates, particularly sweets, raises the
risk of dental caries by generating acidity and upsetting the symbiotic diverse and complex
microbial population of the mouth [1, 2]. Excessive acid production alters the nature of the
bacterial biofilm, demineralizes tooth structure, and produces cavities.Acidic and acid-tolerant
bacteria that bind to cavities include Streptococcus mutans, Lactobacillus, Actinomyces,
Bifidobacterium, and Scardovia. The microbiota composition varies based on the tooth site,
severity of carious lesions, and the rate of disease progression [1].

Streptococcus mutans, a pathogenic bacteria, is regarded as the primary factor agent of
dental caries; it is assumed to be the most cariogenic bacteria. When it comes in contact with
sweet or sucrose-containing products, it multiplies and secretes acids and other substances that

damage the enamel of teeth [3, 4]

Streptococcus mutans, a gram-positive, facultative anaerobic coccus (round bacterium)
commonly found in the human oral cavity, is a primary cause of tooth decay [5]. S. mutans'
natural habitat is the human oral cavity, specifically dental plaque, a multispecies biofilm that
forms on the hard surfaces of teeth [6].

Streptococcus mutans has been identified as the major bacterium causing dental caries in
people. The bacteria create numerous glucan-binding proteins (GBPs), one of which is Glucan
Binding Protein C (GbpC). When stressed, GbpC, a member of the streptococcal protein
family PAc, is expressed. [7].

Streptococcus mutans are large cariogenic organisms—the result of their ability to
manufacture huge volumes of glucans and acid, exceeding the salivary buffering capacities,
which gives the bacteria an advantage to outcompete noncariogenic commensal species at low

pH circumstances [8].

Eugenol is an allyl-substituted guaiacol from the allylbenzene family. It is a colorless to
pale yellow, aromatic oily liquid made from essential oils, most notably clove, nutmeg,
cinnamon, basil, and bay leaf. It is found in levels of 82-88% in clove leaf oil and 80-90% in

clove bud oil [9].

Eugenol, also known as 4-allyl-2-methoxyphenol, is an aromatic chemical. It is an organic
chemical compound belonging to the phenols category. Its chemical formula is CioH1202. It
consists of a benzene ring linked to a methoxyl group (-OCH3s) and also to a hydroxyl group (-

OH). According to numerous studies, this molecule has analgesic, antiviral, antioxidant,
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antibacterial, and anti-inflammatory characteristics; it is also used in dentistry to treat pulpitis

and toothaches [9]. Some research suggests that eugenol has an antimicrobial effect on S.
mutans. Eugenol may be a useful therapeutic agent for dental caries since it has a better effect

than the chemical Eugenol [10, 11, 12].

Stevia rebaudiana (Asteraceae) is a natural plant native to South America. Steviol glycosides
are the chemical components that give the leaves their sweet taste [ 13]. Steviol glycosides show
superior sweetening efficiency to sucrose and are calorie-free, non-cariogenic and do not cause
side effects [14]. Steviol is the main compound in stevioside, and it contains a structure
consisting of 20 carbon atoms (C20H3003), with a hydroxyl group (-OH) and a ring consisting
of carbon. Stevia rebaudiana bertoni has numerous health benefits, including
antihyperglycemic, antihypertensive, antioxidant, renal protection, antitumor, antidiarrheal,
diuretic, antiviral, immunomodulatory, and dental caries prevention [ 15]. Stevioside also helps
reduce the risk of tooth decay, with some research showing it has anti-caries properties.
However, more research is needed to discover how it works and the ideal concentration [16,
17, 18].

2. Material and methods:

Protein preparation and Ligands

Streptococcus mutans' Glucan Binding Protein C (GbpC), a primary target for Eugenol and
Steviol glycosides, was acquired from the human PDB database using the PDB ID 5UQZ (URL.:
https://www.rcsb.org). Furthermore, the target proteins for the docking experiment are chosen
based on their X-ray diffraction profiles. Proteins should be in PDB format. All heteroatoms,
including ions and water, were removed from Streptococcus mutans' X-ray crystallographic
structure in preparation for molecular docking. Use the Chimera tool and Discovery Studio

2021 Client. Certain protein-binding sites in the chain are selected, while others are avoided.

Preparation of Ligands

Open Babel software was used to obtain SDF format for three-dimensional chemical
structures, which  were then translated to PDB format by  Pubchem
(https://pubchem.ncbi.nlm.nih.gov). Throughout the docking study, steviol glycosides were
utilized as the reference molecule, with Eugenol serving as a control to assess correlation

strength. Both of these compounds were obtained via Pubchem.

The process of docking molecules
The structural interactions between the (target protein) SUQZ and the (ligand molecules)

Steviol glycosides and Eugenol (ligand molecules (control)) have been investigated using an in
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silico approach for analyzing ligand and receptor docking to display the conformation of this

protein target selectivity. Used PyRx, a virtual screening tool, to increase docking accuracy by
applying an algorithm as a scoring mechanism and integrating Vina and Auto Dock. [7]. the
target protein included 583 amino acid atoms. X-ray crystallography was used to precisely
establish the chemical makeup of the macromolecule at 1.14 A. The work continues with the
UCSF Chimera software, which removes the bonds and accompanying water molecules to
prepare the target. In addition, we eliminate all chains except Chain A, which solely shows a
ligand-binding site chain. Then we added it to the PyRx tool by marking it as a macromolecule
in the PyRx workflow. Using auto dock techniques, the protein and ligand molecules were
transformed to their suitable readable file format (pdbqt). All investigations of docking were
carried out as blind docking in a grid box, which included all possible ligand-receptor
complexes, and its dimensions were to Eugenol, as control and Steviol glycosides [(X=100.54,
Y =57.5798, and Z = 71.5732) and (X=92.5157, Y = 54.1111, and Z =67.8058)] respectively.
All ligand bindings were allowed to freely rotate, and all other software parameters remained
fixed while the receptor was considered as rigid. . The final visualization of the docked structure
was done using Discovery Studio Visualizer 3.0. Prior to assessing the efficiency of the

compounds from Urtica dioica against SUQZ [7].
3. Results:

Molecular docking studies were carried out between The Glucan Binding Protein C (GbpC)
of Streptococcus mutans (receptor) and (Eugenol and steviol glycosides), as seen in table (1).
As the negative value of affinity binding increases, so does the precision of the receptor-ligand
connection. The RMSD (Root Mean Square Deviation) number, which is used to confirm
docking tests, represents the average difference between two proteins' corresponding atoms.
[19].Each atom in one conformation is matched with itself in the opposite conformation by the
RMSD upper bound, which ignores any symmetry. The RMSD lower bound is used to compare
each atom in one conformation to the closest atom of the same element type in the other

conformation [19].

Table 1. Diagnosis of ligands using Glucan Binding Protein C (GbpC) of Streptococcus mutans
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Eugenol:4-Allyl-2-methoxyphenol as a Control Ligand

Eugenol (4-Allyl-2-methoxyphenol) was the standard molecule used in the docking analysis,

and it was retrieved from PubChem using Pubchem CID-3314. Eugenol serves as a control in

this investigation. Figure 1 shows the interaction state of the experimental control ligand. Table

(2) depicts the interaction of the ligand with chain A of Streptococcus mutans' Glucan Binding

Protein C (GbpC), which contains eleven amino acids, as well as the five different types of

interactions formed between the ligand and receptor. Van der Waals, Carbon hydrogen bond,

Alkyle, Pi-Alkyle, and Pi-Sigma score binding energy (-5.9) increased the affinity between the

two chemicals as the binding strength was good. Usually, docking experiments are verified

using the RMSD value.

Eugenol's docked ligand and the experimental ligand shared an acceptable RMSD of 0.0

angstrom. Table (2) depicts the interaction of amino acids and the type of bonds between ligands

for Eugenol and chain A of Streptococcus mutans' Glucan Binding Protein C (GbpC). Use the

PyRx tool to do virtual screening by docking in a target protein's active region. The study's

findings also revealed that Eugenol had a good interaction with the A chain of Glucan Binding

Protein C receptors, as illustrated in Figure (1).

Table 2. Streptococcus mutans and Eugenol's glucan binding protein C (GbpC) with amino acid position inside

chain A
Amino acids | Location inside the chain Bonds Type
THR 454
LEU 345 Van der -waals
GLY 414
ASN 455
SER 344 Carbon hydrogen bond
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SER 346
PRO 416 Alkyle
ALA 457
VAL 410 Pi- Alkyle
TRP 451
ALA 453 Pi-Sigma
GLY
A414
LE A‘:Q4L5A7
A4l
ASN
AM5S
A ‘\:{//\O,H Asag
TRP Au: THR
A451 A453 SER Aa54
A3d6
LEU
A 345

Interactions

D wvan der Waals D Alkeyl

D Conventional Hydrogen Bond I:J Pi-Alkyl

- Pi-Sigma

(2) (b)

FIGURE 1. (a) Interactions between Glucan Binding Protein C (GbpC) of Streptococcus mutans and
Eugenol at the active site (A) 3D representation
(b) 2D representation. Van der Waals, Carbon hydrogen bond, Alkyle, Pi- Alkyle and Pi-Sigma are shown
in the figure
Steviol Glycosides

The ligand interacts with chain A of Streptococcus mutans. Table (3) shows Glucan Binding

Protein C (GbpC), which has twenty-two amino acids. There are four types of unfavorable
acceptor-acceptor interactions: conventional hydrogen bonds, carbon hydrogen bonds, and Van
der Waals between ligand and receptor. The binding energy (-9.8) improved the affinity
between the two compounds since the binding strength was excellent. Typically, docking
experiments are validated using RMSD values.

Steviol Glycosides docked with experimental ligands had RMSD differences of 0.0
angstrom, which was acceptable. The steviol glycosides and chain A of Streptococcus mutans’
Glucan Binding Protein C (GbpC) were represented by amino acid interactions and the type of
bonds between ligands, as shown in Table 3. The docking approach was employed with the
PyRx program to perform a virtual screening of Steviol Glycosides in a target protein's active

regions. The results of this investigation demonstrated that the bind had an excellent interaction
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with the A chain of the receptor Streptococcus mutans GbpC (Glucan Binding Protein C) with

Steviol Glycosides, as shown in Figure (2).

Table 3. Streptococcus mutans Glucan Binding Protein C (GbpC) and Steviol Glycosides have amino acid
locations within chain A.

Amino acids | Location inside the chain Bonds Type
ASP 408 Unfavorable Acceptor-Acceptor
GLY 401
GLY 408 Conventional hydrogen bond
GLN 391
ALA 458
TRP 451 Carbon hydrogen bond
GLY 414
VAL 410
PHE 304
IEL 219
APG 417
ALA 404
PHE 452
LEU 345
SER 346 Van der- waals
LEU 348
THR 454
HIS 350
TRP 407
ILE 450
THR 449
TRP 351
LEU 220
ALA 409
ASP 402
GLY 406
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sep TP ru ILE
A345 A%T gagn o« A3 ALK

THR G
B *, LEU &401
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43m TRP P iy .ﬂGngE
A0 facgl L Day

Interactions

I:I van der Waals I l Carbon Hydrogen Bond
I:I Conventional Hydrogen Bond H Unfavorable Acceptor-Acceptor
(a) (b)

FIGURE 2. (a) Interactions between Glucan Binding Protein C (GbpC) of Streptococcus mutans and Steviol
Glycosides at the active site (A) 3D representation

(b) 2D representation. Unfavorable Acceptor-Acceptor, Conventional hydrogen bonds, carbon-hydrogen bonds
and Van der waals are shown in the figure

4. Discussion

Eugenol (4-allyl-2-methoxyphenol) is the main component of the essential oil of this plant,
and it is a natural compound with broad biological activity, as it has proven to be effective as
an antibacterial and antifungal, including its effect on microbial biofilms. In addition, eugenol
1s non-toxic and safe for human use, making it a promising option in medical applications.
Numerous studies have shown its ability to combat dental caries and this is consistent with the
results obtained, as the binding strength was good -5.9 kcal/mol [20, 21,22], as this activity is
linked to its strong interaction with caries-causing bacteria, which enhances its feasibility as a

natural treatment.

On the other hand, the stevia plant stands out as a rich source of natural compounds with
multiple health benefits, as studies indicate that it has anti-cancer and anti-inflammatory
properties, in addition to its role in modifying the immune response and its diuretic effect. It is
noteworthy that stevia also has a distinct role in oral and dental health, as its non-carbohydrate
compounds prevent the growth of Streptococcus mutans, the bacteria associated with dental
caries and cavity formation. Furthermore, research has shown that the use of Stevia rebaudiana

Bertoni leaf extracts as an herbal mouthwash shows clear efficacy in preventing caries [23].
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The alcoholic extract of stevia also shows strong antibacterial activity caries and this is agree

with the results obtained, as the binding strength was excellent -9.8 kcal/mol

Based on the available scientific results, steviol glycosides, the active ingredient in stevia,
appear as a promising option with antimicrobial properties that are superior in some aspects to
eugenol. Studies have shown a strong affinity of steviol glycosides for the target bacteria, which
opens up prospects for their use as a potential alternative to eugenol in the future. However, in-
depth research is still needed to understand the exact mechanism of action of these glycosides,
as well as to evaluate their efficacy in clinical settings, with a focus on the effect of crude

extracts to maximize the benefit [24, 25].

5. Conclusions

According to the study's findings, the degree of binding for eugenol was -5.9 kcal/mol,
whereas the degree of binding for Steviol Glycosides was -9.8 kcal/mol. Some research have
discovered that stevioside has anti-mutagenic qualities and may help reduce the incidence of
tooth decay; this confirms the results obtained, as steviol glycosides have a higher binding
strength than eugenol. However, additional research is needed to determine the mechanism of
action and appropriate concentration of this substance, and raw Steviol Glycosides extract is

preferred.
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Abstract:

This study aimed to isolate plant growth-promoting bacteria (PGPB) and characterize the isolates. A
collection of soil from root rhizosphere of Phaseolus vulgaris L. cultured in Hawi Al-Kanissa
region on the right bank of Tigris and Al-Qubba region on the left bank of Tigris River of Mosul
City-Iraq was done. Eighteen rhizobacterial isolates were obtained, nine from each bank.
Purification of rhizobacterial isolates was done and subjected to cultural and microscopic
examination. Results revealed that the shape of the cells varied from short bacilli to bacilli and
spherical. All the isolates were Gram-positive, with the exception of NR6 and NR7 which were
negative for Gram stain. Results showed that all the isolates were motile except NR1, NRS,
NR12 and NR16. Cultural emphasis showed extreme production of exopolysaccharide by the
isolates NR9, NR12, NR13 and NR15. Biochemical test results revealed positive results for
catalase, whereas negative results for oxidase, triple sugar iron, starch hydrolysis and citrate
utilization. All the isolates were negative for urea test with the exception to NR8 and NR9. All

the rhizobacterial isolates were positive for the indole test with the exception of NR11, NR12
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and NR14. Sensitivity and resistance tests for the eight studied antibiotics revealed that three

rhizobacterial isolates had resistance to three antibiotics or more. Test of tolerance of
rhizobacterial isolates to different concentrations of sodium chloride revealed that these isolates
were tolerant to this salt and the maximum tolerance reached 10 % (w/v) by the isolate NR3. It

was concluded that the isolates varied in their cultural and biochemical characteristics as well as for

antibiotic resistance and sodium chloride tolerance.

Keywords: Rhizobacteria, Biochemical, Antibiotic sensitivity, NaCl tolerance.
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1. Introduction:
The microbiome-rhizosphere of leguminous plants constitutes a critical interface for
nutrient exchange, disease suppression, and plant-microbe interactions. Research works

indicate that legume roots selectively recruit beneficial bacteria through the secretion of
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phenolic compounds, flavonoids, as well as organic acids, which act as chemoattractant for

symbiotic. Rhizobia and other plant-growth-promoting rhizobacteria (PGPR) [1]. The
microbial diversity within this area is shaped by plant, soil characteristics, and agricultural

nutrients, making it a key factor in sustainable crop yield [2].

The mutualistic relationships between legumes and rhizobacterial rhizosphere extend
beyond nitrogen fixation, encompassing induced systemic resistance (ISR) against any
pathogens and improved biotic and abiotic stress tolerance [3]. Advances in metagenomics and
microbial ecology have deepened our understanding of these interactions, paving the way for
microbiome-based agricultural innovations [4]. Thus, studying the bacterial communities in the
legume rhizosphere not only enhances our knowledge of plant-rhizobacterial symbiosis, but

also offers practical solutions for eco-friendly cultures.

Plant Growth-Promoting Bacteria (PGPB) play a pivotal role in enhancing the
productivity of leguminous crops, including green beans (Phaseolus vulgaris L.), through
mechanisms such as biological nitrogen fixation, phytohormone production, and phosphate
solubilization. These bacteria colonize the rhizosphere, forming symbiotic relationships that

improve nutrient uptake and stress tolerance [5].

The rhizosphere rhizobacteria found in rhizosphere of Phaseolus vulgaris L. are highly
dynamic, influenced by soil type, climatic conditions, and agricultural practices. Metagenomic
studies reveal that some genera like Rhizobium and Pseudomonas spp. dominates this niche,

contributing to nitrogen fixation and pathogen suppression [6].

2. Materials and methods:

2.1 Isolation of rhizobacteria:

Isolation of rhizobacterial bacteria was done according to Liu ef al. [7] The field where
the leguminous plant green beans is grown was selected, as this plant has been grown in the
field on the right side for 48 years in the Hawi Al-Kanisa area and for a period of up to 50 years
on the left side in the Al-Qubba area, taking into account that the soil is moist and not dry, as
the plant was gently uprooted and shaken to exclude soil with weak adhesion to the root group,

as the remaining soil attached to the root was chosen for isolation of rhizobacteria.

An amount of 1-2 grams of soil was taken from the upper root zone and 1-2 grams from
the lower zone of the root of leguminous plant. The serial decimal dilution method is a core

technique for assessing microbial density in soil. A 1-gram soil sample is mixed with 9 mL of
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distilled water to achieve a 10" dilution. Subsequent dilutions were 1072 to 107¢ are prepared

by transferring 1 mL of the prior dilution into 9 mL of distilled water. Each dilution was then

cultured on the appropriate medium and incubated [8] .
2.2 Cultural and microscopical emphasis:

Colony colour appearance and ability for the production of exopolysaccharide were
recorded after culturing the 18 purified colonies on suitable solid medium and incubation for 1-
3 days in an incubator at 30 °C. Cell shape and Gram staining were examined under a

microscope with 1000x power.
2.3 Biochemical tests for rhizobacterial isolates:

Biochemical tests for isolating soil isolated rhizobacteria from rhizosphere of common
bean were conducted and included the following tests: motility [9], urease [10], starch
hydrolysis [11], catalase [12], Kovacs (indole) [13], citrate utilization [14], oxidase [15], triple

sugar and iron test [16].
2.4 Intrinsic antibiotic resistance of rhizobacteria:

Antibiotic resistance testing of soil bacterial isolates was performed to determine the
growth of plant growth-promoting bacterial isolates in the presence of the following antibiotics
(ug/ml): Nitrofurantoin (N), 100; Ciprofloxacin (Cip), 10; Erythromycin (E), 10; Lincomycin
(L), 10; Chloramphenicol (C), 10; Ampicillin (Am), 25; Clindamycin (Da), 10 and Amikacin
(Ak), 10.

These antibiotics were produced by Turkey Bioanalysis. Using a cotton swab, the tested
rhizobacterial isolates were spread onto Mueller-Hinton (M.H.A.) agar medium before
introducing antibiotic discs. Using sterile forceps, liquid fresh growth was spread onto the
medium, and cultured for 24 hours at 30 °C. The presence of a transparent halo surrounding the
antibiotic discs was used to identify rhizobacterial isolates for sensitivity and resistance against

different studied antibiotics [17,18].
2.5 Tolerance of rhizobacterial isolates to different concentrations of sodium chloride:

To emphasize the ability of isolated rhizobacteria for tolerance, the following
concentrations of sodium chloride: 2.0, 4.0, 6.0, 8.0 and 10 % (w/v), a nutrient agar plate was
supplanted the mentioned concentrations of sodium chloride inoculated with the same

concentration of inoculum which equal 0.5 value on O.D. 600. [19]
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3. Results:

The isolation and characterization of rhizobacteria from rhizosphere of roots of common
bean (Phaseolus vulgaris L.) cultured in right bank (Hawi Al-Kanissa) and left bank (Al-
Qubba) of the Tigris river in Mosul city of Iraq. A total of six rhizobacterial isolates were
isolated and purified. Table (1) below shows microscopic and cultural characteristics of the
isolated rhizobacteria. All the isolates with exception with NR6 were Gram-positive and
positive for the motility test with exception to NR8 which were non-motile. Cell shape was
varied from spherical to short rod to rod (Table 1). Colony colour was different for the six

isolates as follows: yellow, orange, white and milky white.

Table 1: Cultural and microscopical examination of rhizobacterial isolates.

Isolate No. Gram stain Motility Cell shape Colony colour EPS production
NR4 + + Spherical Yellow -
NR6 - + Short rod Orange -
NR8 + - Spherical White -
NR9 + + Short rod Milky white +
NR13 + + Rod Orange +
NR14 + + Rod Orange -

EPS: Exopolysaccharide.

Biochemical characterization tests (Table 2) revealed that all the isolates were positive for
catalase and negative for indole tests. Oxidase test result revealed that NR4, NR6 and NR9 isolates
were positive for this test and the rest isolates were negative for oxidase test. Triple sugar iron
results were positive with the exception with NR13 which was negative for this test. Only two
rhizobacterial isolates were positive for the urea test, i. e., NR8 and NR9 isolates, whereas the
other isolates were negative for this test. Five of the six isolates were able to hydrolyze the starch
and the rest isolate was negative for this test. Two isolates NR1 and NR14 showed the ability to

utilize citrate, whereas other isolates were unable to utilize citrate as sole carbon source.

Table 2: Biochemical tests of rhizobacterial isolates.

Isolate Strach Indole Citrate
Catalase Oxidase TSI Urea
No. hydrolysis utilization
NR4 + + + - + - +
NR6 + + + - + - -
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NR8 + - + + + - -
NR9 + + + + + - -
NR13 + - - - + - -

NR14 + - + - - - +

TSI: Triple sugar iron test.

Results of resistance and sensitivity to the eight different studied antibiotics revealed
that the isolates NR4 and NR8 were resistant to Nitrofurantoin 100 pg/ mL. All six isolates
were sensitive to Ciprofloxacin 10 pg/ mL. The maximum average inhibition zone was 43 cm
with NRO isolate and minimum of average inhibition zone was 25 cm with NR4 isolate. Only
one isolate (NR4) was resistant to Erythromycin 10 pg/ mL, whereas the other isolates showed
different average inhibition zones and a maximum reached to 30 cm by NR9 isolate and

minimum 18 cm by the isolates NR6 (Table 3).

Isolates NR9 and NR 12 were resistant to Lincomycin 10 pg/ mL. The maximum average
inhibition zone was 30 cm by NR8 isolate and minimum average inhibition zone was 10 cm by
NRG6 isolate. All the isolates were sensitive to chloramphenicol 10 pg/ mL with the exception of
NR4 which was resistant to this antibiotic. The maximum average inhibition zone was 42 cm
by NR8 isolate and minimum was 10 cm by NR6 isolate. NR9 rhizobacterial isolate was
resistant to Ampicillin 25 pg/ mL, and the rest of the isolates were sensitive to this studied
antibiotic. A maximum average inhibition zone was 32 cm by the NR13 isolate and minimum

average inhibition zone was 17 cm by the isolate NRS.

NR9 was resistant to Clindamycin 10 pg/ mL, the other five isolates were sensitive to this
antibiotic. Maximum sensitivity was by the NR4 isolate which was 34 cm and the minimum
sensitivity was 9 cm by the NR13 isolate. None any of the isolates showed ability for resistance
against the antibiotic Amikacin 10 pg/ mL, i.e. all the isolates were sensitive to this antibiotic and
the maximum of average of inhibition zone was 29 cm by the isolate NR13 and the minimum

average inhibition zone was 20 cm by the isolates NR4 and NR8.

Table 3:Resistance and sensitivity of rhizobacterial isolates to different studied antibiotics

(uw/mL).

Isolate F Cip E L C Am Da Ak
No. 100 10 10 10 10 25 10 10
NR4 R 25 R 28 R 23 34 20
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NR6 16 35 18 10 10 20 27 25
NR8 R 33 29 30 42 17 27 20
NR9 15 43 30 R 33 R R 23
NR13 30 40 24 R 37 32 9 29

NR14 20 29 18 15 20 20 22 18

Each value is mean of triplicates.

Abbreviations: F: Nitrofurantoin; Cip: Ciprofloxacin, E: Erythromycin; L: Lincomycin; C:
Chloramphenicol; Am: Ampicillin; Da: Clindamycin; Ak: Amikacin.

Tolerance of the rhizobacterial isolates against different studied concentrations of
sodium chloride revealed high ability of the isolated rhizobacteria to tolerate this salt (Table 4).
From this table it is clear that the isolates have extreme tolerance to 2.0 % (w/v) concentration
sodium chloride. With 4.0 % (w/v) concentration isolates NR8 and NR9 showed less ability to
tolerate this concentration. Most of the isolates revealed varied growth from weak to good to
very good growth on 6.0 % (w/v) concentration and the isolate NR9 showed no signals of
growth. With 8.0 % (w/v) concentration three isolates NR6, NR8 and NR9 showed no growth
and three isolates were able to grow viz., NR4, NR13 and NR14. All the six isolates were not

able to grow on 10 % (w/v) which considered high concentration. (Table 4).

Table 4: Tolerance of rhizobacterial isolates to different NaCl concentrations % (w/v).

Isolate Concentration of NaCl % (w/v)

No. 2.0 4.0 6.0 8.0 10.0
NR4 +++ +++ ++ + -
NR6 +++ +++ ++ - -
NR8 +++ ++ + - -
NR9 " -+ - - i
NR13 +++ +++ ++ + -
NR14 +++ +++ ++ ++ -

+++: very good growth; ++: Good growth; + moderate to weak growth; -: no growth.

4. Discussion
Two rhizobacterial isolates (NR9 and NR13) were high exopolysaccharide producers.
[20] isolated polysaccharide producer and heavy metal-tolerant local rhizobial isolates. [21]

isolated and identified rhizobacteria and they concluded that the Tigris and Euphrates rivers are
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important for habitat developments as they provide water for agriculture and then support a

variety of ecosystem. Their results on phenotypic examination revealed differences in Gram
staining, motility and cell morphology as well as colony characteristics among isolated
rhizobacteria. The positive catalase activity in all isolates suggests their potential for
oxidative stress mitigation in plants. [22] reviewed antibiotic resistance in plant growth-
promoting bacteria and their introduction into the soil could serve as antibiotic resistance gens
and the invasion may enter into the food chain. Understanding the antibiotic resistance in plant
agricultural systems, particularly those that use biofertilizers, is crucial because we must
determine whether applying these fertilizers to the soil has the potential to select ARGs that
could have an adverse effect on human health [22]. Therefore, it is essential to comprehend the
antibiotic resistance profiles of PGPR in order to assess potential dangers that could affect the
health of humans and animals, such as the transfer of resistance traits to dangerous bacteria
[17]. Antibiotic resistance is evidenced through general different mechanisms such as decreased
permeability then preventing penetration of antibiotics. The other method is Efflux system
pump, the antibiotic pushed out of the cell before reaching the target. Target evasion and
antibiotic metabolism, i. e., alter the structure of antibiotic targets [23]. [19] tested 20
rhizobacterial isolates and screened them for their salt tolerance potential and they found they
showed halotolence to sodium chloride. Osmolyte compounds such proline, trehalose and total
soluble sugars are biosynthesized in response to osmotic stress which and then accumulated in
the cytoplasm as known as compatible solutes play a potential role in tolerance of salts [24].
[25] pointed out such these bacteria can be introduced into the root plant system to augment
their stress-tolerant potential without compromising their productivity and lead to safeguarding

the ecosystem.

5. Conclusions

Plant Growth Promoting Bacteria (PGPB) play a vital role in life sustainability as long
as the rhizobacteria improve soil mixture as well as many positive roles in nature generally.
This study succeeded in isolating and characterizing the isolates from soil in rhizosphere of
Phaseolus vulgaris L. in both banks of Tigris river in Mosul city of Iraq. These isolates have a
genetic marker such as antibiotic resistance genes as well as genes of tolerance of sodium
chloride. Another feature of some of these isolates is their ability to produce high of
exopolysaccharide which is considered signal of interaction between two partners leguminous
plant and microorganism. Recent studies revealed that bacterial exopolysaccharides have

industrial and medical applications, so these four isolates have immense potential in the future.
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Abstract:

Tromantadine is a medicine commonly prescribed for treating the herpes simplex virus. In
this work, computational methods, including density functional theory (DFT) and molecular
docking simulations, were utilized to investigate the antiviral potential activity of
Tromantadine. The structural optimization and quantum chemical analysis were performed
via Density Functional Theory (DFT) at the B3LYP/6-3117"G (d,p) level using GAUSSIAN
09, while molecular docking against Herpes Simplex Virus (HSV) proteins-DNA polymerase
(PDB ID: 80JA) and glycoprotein (PDB ID: 3SKU) was conducted using MOE 2019.
Electronic descriptors, energy gap, Mulliken charges, and Fukui functions were evaluated to
identify the key reactive sites of the targeted proteins. The molecular docking results revealed
a favorable binding affinity of Tromantadine with both viral targets, suggesting its potential
effectiveness as an inhibitor for HSV replication and entry. These findings warrant further in

vitro and in vivo experimental validation.

Keywords: DFT, Gaussin, Herpes,Virus, Tromantadine.
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1. Introduction:

Antiviral medicines, Tromantadine, was utilized for therapy of herpes simplex virus.
Commercially, this medicine is known as Viru-Merz and Viru-Merz Serol. Tromantadine's
IUPAC name is N-(1-adamantyl)-2-[1] (dimethylamino)ethoxyJacetamide sce Figure 1.
Tromantadine is obtainable in a local gel, and its performance is very close to acyclovir action
[2,3]. Similar to rimantadine, and amantadine, Tromantadine is an adamantine derivative. It
was established that the early and late processes in the virus DNA duplication cycle are
inhibited by Tromantadine[4]. This medicine targets the glycoproteins of the host cells
through variations, resulting in obstruction of the virus absorption. It inhibits the penetration
of the virus. As Tromantadine obstructs the uncoating of the virions, virus penetration is
inhibited [5-7]. As a category of antimicrobials, antivirals are a broad range of medicines. On
the basis of monoclonal antibodies, this category also comprises antibiotics, antifungals and
antiviral drugs. To some extent, the majority of these antivirals drugs are regarded as safe
medications, so they are prescribed for treating diversity of infections [8]. Nowadays, the

computational techniques are considered dependable theoretical methods and promising
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approaches in medical industries to discover new drugs with potential activities and

applications [9-11].

This study aims to examine the antiviral efficacy of Tromantadine against Herpes Simplex
Virus (HSV) using computational techniques, including density functional theory (DFT)

analysis and molecular docking, and assess its binding affinity and identify its potential

O
\NNO%N@
/ H

Figure 1. Structure of Tromantadine

inhibitory effects.

2. Materials and Methods :
2.1 Computational methods.

The computational study was carried out using the GAUSSIAN 09W software package
[12,13]. All calculations were accomplished utilizing a personal computer with an Intel Core
17 processor (HP). Density Functional Theory (DFT) calculations were performed using the
B3LYP functional and the 6-3117"G basis set [14,15]. The antiviral medicine, Tromantadine,
was chosen as the subject of the analysis. The docking simulations were performed using two
protein targets: DNA polymerase (80JA) and Glycoprotein (3SKU), which were obtained
from web the Protein Data Bank.

2.2 Excretion, and toxicity (ADMET)

Several drugs failed in clinical trials and further development stages due to unpleasant
pharmacological properties and other unfavourable results. In this study, Tromantadine was
investigated using the Swiss ADME website. In silico toxicity testing was performed using
the website ProTox-II, which is provided a projected oral toxicity, cytotoxicity, mutagenicity,
carcinogenicity, hepatotoxicity, and immune toxicity values for the compound.

3. Results and Discussion:
3.1 Energy band gaps

Computational study process started with finding out the optimized molecular structure of
the molecule under study (Figure 2). The optimized molecular structure of tromantadine was
ascertained utilizing DFT(6-3117"G basis set) at a vacuum. In this step, numbering of the

atoms and the molecule orientation were established. Table 1 below illustrates the definite
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geometrical parameters of the medicine molecule. The length of the bond between C(17)-
C(19) in the ring is 1.556 A and it is1.427 A for N(4)-C(11) in the side. Nevertheless, the
bond length of C(6)-C(7)in the chain = 1.528 A. Furthermore, the C(17)-C(18) bond length in
the ring = 1.540 A, and is 1.045 A of the N(4)-H(23) out of the chain, while for O(5)-C(6) =
1.414 A. The bond length of C(1)-O(3) in C=0 and C(14)-H(38) in N-H =1.225, and 1.427.

A, respectively. which it was confirmed that the tromantadine possesses a good activity as the

atom angles in its arrangement were typical.

Figure 2. Tromantadine structure with symbols of Atoms

Table 1. Geometrical parameters of Tromantadine medicine

Atoms bond Atoms Bond Atoms Dihedral(A)
length ® angles(A)
C(20)-H(48) | 1.104 H(42)-C(17)-C(19) | 109.39 C(16)-C(17) C(19)-C(13) | 55.576
C(20)-H(47) | 1.092 H(42)-C(17)-C(18) | 109.39 C(16)-C(17)-C(19)-H(45) | 172.685
C(19)-H(46) | 1.103 H(42)-C(17)-C(16) | 109.39 C(16)-C(17)-C(19)-H(46) | -66. 053
C(19)-H(45) | 1.079 C(19)-C(17)-C(18) | 109.51 C(18)-C(17)-C(19)-C(13) | -65.791
C(18)-H(44) | 1.077 C(19)-C(17)-C(16) | 109.51 C(18)-C(17)-C(19)-H(45) | 51.318
C(18)-H(43) | 1.074 C(18)-C(17)-C(16) | 109.51 C(18)-C(17)-C(19)-H(46) | 172.580
C(17)-H(42) | 1.128 H(41)-C(16)-H(40) | 109.4 H(42)-C(17)-C(19)-C(13) | 172.178
C(17)-C(19) | 1.558 H(41)-C(16)-C(17) | 109.410 H(42)-C(17)-C(19)-H(45) | -70.713
C(17)-C(18) | 1.525 H(41)-C(16)-C(15) | 109.410 H(42)-C(17)-C(19)-H(46) | 50.549
C(16)-H(41) | 1.097 H(40)-C(16)-C(17) | 109.410 C(16)-C(17)-C(18)-C(11) | -58.130
C(16)-H(40) | 1.077 H(40)-C(16)-C(15) | 109.410 C(16)-C(17)-C(18)-H(43) | 64.822
C(16)-C(17) | 1.563 C(17)-C(16)-C(15) | 109.500 C(16)-C(17)-C(18)-H(44) | -17 6.77
C(15)-H(39) | 1.129 H(39)-C(15)-C(20) | 109.390 C(19)-C(17)-C(18)-C(11) | 61.447
C(15)-C(20) | 1.595 H(39)-C(15)-C(16) | 109.390 C(19)-C(17)-C(18)-H(43) | -17 5.60
C(15)-C(16) | 1.514 H(39)-C(15)-C(14) | 109.390 C(19)-C(17)-C(18)-H(44) | -57.201
C(14)-H(38) | 1.146 C(20)-C(15)-C(16) | 109.510 H(42)-C(17)-C(18)-C(11) | -177.80
C(14)-H(37) | 1.154 C(20)-C(15)-C(14) | 109.510 H(42)-C(17)-C(18)-H(43) | -54.8
C(14)-C(15) | 1.552 C(16)-C(15)-C(14) | 109.510 H(42)-C(17)-C(18)-H(44) | 63.545
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C(13)-H(36) [ 1.123 H(46)-C(19)-H(45) [ 109.400 C(15)-C(16)-C(17)-C(18) [ 62.329
C(13)-C(19) | 1.498 H(46)-C(19)-C(17) | 109.410 C(15)-C(16)-C(17)-C(19) | -56.38
C(13)-C(14) | 1.538 H(46)-C(19)-C(13) | 109.410 C(15)-C(16)-C(17)-H(42) | -174.98
C(12)-H(35) | 1.121 H(45)-C(19)-C(17) | 109.410 H(40)-C(16)-C(17)-C(18) | -54. 780
C(12)-H(34) | 1.120 H(45)-C(19)-C(13) | 109.410 H(40)-C(16)-C(17)-C(19) | -173.49
C(12)-c(13) | 1.531 C(17)-C(19)-C(13) | 109.500 H(40)-C(16)-C(17)-H(42) | 67.91
c(11)-C(20) | 1.576 H(38)-C(14)-H(37) | 109.400 H(41)-C(16)-C(17)-C(18) | -175.92
c(11)-c(18) | 1.616 H(38)-C(14)-C(15) | 109.410 H(41)-C(16)-C(17)-C(19) | 65.356
c(11)-c(12) | 1.613 H(38)-C(14)-C(13) [ 109.410 H(41)-C(16)-C(17)-H(42) | -53.235
C(10)-H(33) | 1.080 H(37)-C(14)-C(15) | 109.410 C(14)-C(15)-C(20)-C(11) | -59.743
C(10)-H(32) | 1.097 H(37)-C(14)-C(13) | 109.410 C(14)-C(15)-C(20)-H(47) | 65.338
C(10)-H(31) | 1.098 C(15)-C(14)C(13) | 109.500 C(14)-C(15)-C(20)-H(@48) | -179.57
C(9)-H(30) | 1.069 H(36)-C(13) -C(19) | 109.390 C(16)-C(15)-C(20)-C(11) | 59.882
C(9)-H(29) | 1.079 H(36)-C(13)-C(14) [ 109.390 C(16)-C(15)-C(20)-H(47) | -175.03
C(9)-H(28) | 1.068 H(36)-C(13)-C(12) [ 109.390 C(16)-C(15)-C(20)-H(48) [ -59. 949
N(8)-C(10) | 1.467 C(19)-C(13)-C(14) | 109.510 H(39)-C(15)-C(20)-C(11) | -178.18
N@B)-C(9) | 1.502 C(19)-C(13)-C(12) | 109.510 H(39)-C(15)-C(20)-H(47) | -53.103
C(7)-H(27) | 1.063 C(14)-C(13)-C(12) | 109.510 H(39)-C(15)-C(20)-H(48) | 61.985
C(7)-H(26) [ 1.114 H(48)-C(20)-H(47) | 109.400 C(14)-C(15)-C(16)-C(17) | 60.658
C(7)-N@®) |[1.514 H(48)-C(20)-C(15) | 109.410 C(14)-C(15)-C(16)-H(40) | -179.70
C(6)-H(25) | 1.145 H(48)-C(20)-C(11) | 109.410 C(14)-C(15)-C(16)-H(41) | -57.806
C(6)-H(24) | 1.081 H(47)-C(20)-C(15) | 109.410 C(20)-C(15)-C(16)-C(17) | -60.289
C(6)-C(7) | 1.527 H(47)-C(20)-C(11) [ 109.410 C(20)-C(15)-C(16)-H(40) | 59.350
0(5)-C(6) | 1.427 C(15)-C(20)-C(11) | 109.500 C(20)-C(15)-C(16)-H(41) | -178.75
N(4)-H(23) | 1.007 H(44)-C(18)-H(43) [ 109.400 H(39)-C(15)-C(16)-C(17) | 179.886

3.2 Study of Mulliken charge and correlation with quantum chemical distribution of

Tromantadine

To decide the major reactive spots in the arrangement and to differentiate between types of
reactions, Frontier Molecular Orbitals (FMOs) have been employed. The energy of the lowest
unoccupied molecular orbital (LUMO) and the highest occupied molecular orbital (HOMO),
and their energy difference (AE) were utilized to evaluate the molecule reactivity. For
Tromantadine medicine, the level B3LYP/6-317"G (d, p) was utilized to calculate HOMO and
LOMO energies as shown in Figure 3. The minimal electronic energy that required for the
electron transition n—n* is represented by the (HOMO — LUMO) energy difference gab. The
HOMO energy average at 77th was calculated at -0.23179 eV and LOMO slightest energy at
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78th was calculated at -0.01571 eV for the molecule under test, Tromantadine. Upon the

optimization of the current molecule arrangement, the (HOMO — LUMO) energy band gab
was calculated from MOs and found = 2.0324638 eV. Although this value indicates that the
energy band gap of Tromantadine is high, the stability of its structure is significant.
Parameters for Tromantadine, including chemical hardness, electronegativity, electronic
chemical potential, and electro-philicity index were measured utilizing DFT and the results
were listed in Table 2. The following are parameters for Tromantadine molecule [16-18]:

. The HOMO energy (EHOMO).

. The LUMO energy (ELUMO).

. The energy gap between EHOMO and ELUMO (AE=HOMO-LUMO) .

. Electronegativity(y).

. Dipole moment ().

. Electron affinity(A).

. Ionization energy (IP).

. Softness(s),global hardness(n).

. Global electrophilicity (o).

Based on molecular gas-phase of Tromantadine molecule, the distribution of density for
LUMO and HOMO is displayed in Figure 3. In the medicine structure, the highes electronic
density is specified by the red color area, which represented by C6, C7, and N8 atoms,
wherese, the lesser electron density is specified by the green color site. Due to the double
bond and aromatic ring moities of the inhibitor structure, it possesses a significant electronic
density. It can be noticed that, the greatest electronic density focused over atom N8 atom in

N(CH3), segment of Tromantadine structure.
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Figure 3. Frontier surfaces for Tromantadine(a)LUMO and (b) HOMO
Fukui functions calculation determine the active atoms in the molecule. This calculation is

related to the electronic density variations. To calculate of Fukui functions, Equations (1,2

and 3) f+(r) , f~(r) and fO( r) were employed [19-21]:

ff=[qN+1)—q(N)] ... (1) nucleophilic species
fm=[qN) —q(N —1)] ... (2) electrophilic species
fOo=[qg(N+1)—q(N—-1)]/2 ... (3)free radicals species

Where: the charge located on atoms in neutral classes is represented by q(N), the atomic
positive charges in cationic species are implied by q(N+1), and the atomic anionic charges are
signified by q (N-1) [22]. Table. 3 illustrates the descriptor values that were calculated by
Mulliken charges over the atom of the molecule structure. As shown in Figure 3, the
distribution of the charges on the atom was evaluated via Mulliken equation. The calculated
Fukui functions provide additional information about the molecule reactive sites. Carbon
atoms (9C and 10C) have the highest dual reactivity for both nucleophilic (#! = 0.173, 0.174)
and electrophilic (7 = 0.236, 0.159) attacks, making them the most chemically active centres.
Remarkably, Carbon atom (13C) showed an exceptionally high electrophilic reactivity (f =
1.569), indicating a potential site for strong electron donation. Conversely, other atoms such
as 50 and 6C showed minimal or even negative Fukui values, suggesting low or negligible
participation in chemical reactions. The carbon atom (13C) exhibited a high electrophilic

reactivity (f’=1.569), suggesting a potential site for strong electron donation. In contrast,
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atoms such as 50 and 6C had minimum or even negative Fukui values, indicating a little or
no participation in the chemical reactions. Furthermore, the carbon atoms (13C and C17)
showed an exceptionally high free radical reactivity (/°=0.778876,0.374119 ). The atoms (8N
and 9C) have the greatest exposure to electrophilic species reactions. These calculations were
performed to investigate the electronic structure of Tromantadine and assess its bioactivity.
The Mulliken charge analysis revealed a significant variations in electronic distribution
throughout the molecule, which denotes concentrated areas with high electron density. Thus,
these sites are expected to serve as nucleophilic centres, enabling of generating hydrogen
bonds and coordinating interactions with electrophilic sites on viral proteins. Conversely,
electron-deficient regions are more likely to interact with electron-rich (nucleophilic) groups
found in viral components such as glycoproteins and nucleic acids. This intramolecular
polarity distribution identifies possible active areas through which Teromatin can interact
with viral targets. The HOMO energy was computed at -6.307 eV and the LUMO energy at -
4.275 eV, yielding an energy gap(AE)of 2.03 eV (Table 2). This moderate band gap indicates
an appropriate chemical reactivity for biological interactions. The chemical hardness (n =
2.94eV) and electronegativity (y =3.37e¢V) values show the molecule resistance to charge
deformation and its ability to attract electrons. The softness (S=0.34eV) indicates the
flexibility of the electron cloud. Tromantadine has a high electrophilicity index (®=1.93 eV),
indicating its ability to accept electrons and interact with electron-rich active sites in the virus.
The dipole moment (3.67 Debye) emphasises the molecule polarity, increasing its water
solubility and enabling contact with polar viral surfaces. Collectively, these electronic and
structural properties demonstrate that Tromantadine is well-suited to interact with HSVtargets
via hydrogen bonding and electrostatic interactions with viral proteins or genetic material.
Cosequenyely, it potentially inhibiting the viral replication cycle Figure 4.

Table 2. Quantum chemical parameters for Tromantadine in vacuum medium

Parameter Value Parameter Value
EHOMO (a.u) -6.307469 (eV) ELUMO (a.u) -4.2750052 (eV)
IE=-EHOMO 6.037469(eV) AE =HOMO - LOMO -2.0324638(eV)
EA=-ELUMO 4.2750052(eV) S =[1/2n] 0.340134(eV)
Cp -3.36749(eV) w— [,uzj 1.928574(eV)
2n

Nmax 1.14540 (eV) X =[(IP+EA)/2] 3.367485(eV)
So 0.17006 (eV) [|=[ELOMO-EHOMO]/2 2.939984(eV)
(u) 3.66722(Debye) EA 0.427501(eV)
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Table 3. Mulliken atomic charges distribution.

Atoms n n+l n-1 1 1! f

1C 0.38 0.415501 0.287376 0.035501 0.092624 0.064063
2C 0.014871 0.094837 -0.05378 0.079966 0.068653 0.07431
30 -0.38577 -0.24308 -0.40192 0.142695 0.016153 0.079424
4N 0.670015 0.739273 1.022085 0.069258 -0.35207 -0.14141
50 -0.30051 -0.30028 -0.2966 0.000231 -0.00391 -0.00184
6C 0.052123 0.049837 0.216372 -0.00229 -0.16425 -0.08327
7C -0.10067 0.0401 0.007068 0.14077 -0.10774 0.016516
8N 0.001455 0.024892 -0.17317 0.023437 0.174623 0.09903
9C 0.149082 0.321834 -0.08691 0.172752 0.235991 0.204372
10C 0.078181 0.251909 -0.08039 0.173728 0.158571 0.16615
11C -1.84057 -2.10509 -1.39697 -0.26452 -0.4436 -0.35406
12C -0.14539 -0.06631 -0.11369 0.079079 -0.0317 0.023688
13C 0.476269 0.464657 -1.09309 -0.01161 1.569363 0.778876
14C -0.32702 -0.26338 0.343588 0.063645 -0.67061 -0.30348
15C 0.4619 0.432179 -0.24903 -0.02972 0.710933 0.340606
16C -0.21634 -0.1473 0.259176 0.069044 -0.47552 -0.20324
17C 0.453838 0.420594 -0.32764 -0.03324 0.781481 0.374119
18C 0.461948 0.580397 0.425512 0.118449 0.036436 0.077443
19C -0.32661 -0.26387 0.337688 0.062742 -0.6643 -0.30078
20C 0.440801 0.553289 0.374338 0.112488 0.066463 0.089476

Figure 4. Electrostatic Potential Map
3.3 Molucular docking analysis
Herpes simplex virus (HSV-1), a double-stranded DNA virus, replicates with seven essential
proteins encoded in its genome. Among these protiens, the UL30 DNA polymerase, in
conjunction with the UL42 processivity factor, coordinates leading and lagging strand
replication of the 152 kb viral genome 23]. Docking of Tromantidine (T) was performed to

investigate the compound stabilising interactions within the protein pockets of the chosen
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target. This research was carried out utilising MOE-2019 software. DNA polymerase
(PDBID:80OJA(A)) and Glycoprotein (PDBID:3SKU(D)) were downloaded from an internet

data bank server at https://www.rcsb.org/pdb and stored in Pdb format [24]. Tromantadine
three-dimensional structure was created using the Gaussian 09W software. This was done by
standard protocols for ligand and protein preparation, which include energy minimization and
the active site identification (see Table 4). The docking results demonstrated a favourable
interaction between Tromantadine and the target Glycoprotein (see Table 5 and Figure 5) .
While they did not show any interaction between Tromantadines and the DNA polymerase. In
the case of 3SKU, Tromantadine exhibited a modrate binding affinity, forming one key
hydrogen bond (H-acceptor ) within the active site pocket, particularly with the residue
LYS190(A). The binding energy was estimated to be (-4.741 kcal/mol), indicating a stable
complex formation(see Figure 5 . Similarly, the docking of Acyclovi (conterol) with DNA
polymerase (80JA) revealed notable interactions through hydrogen bonding. Thymotadine
was observed to engage with crucial surface residues, possibly interfering with the virus-host
cell attachment mechanism. The calculated binding energy for this complex was (-5.248
kcal/mol). These results suggest that Tromantadine could potentially inhibit HSV replication
through once targeting mechanism through preventing viral entry through glycoprotein
interference. While the acyclovir results suggest that acyclovir could potentially inhibit HSV
replication through dual targeting mechanisms. Firstly, obstructing DNA synthesis via
polymerase inhibition, and secondly by preventing viral entry through glycoprotein
interference(see Table 5 and Figure 5). The docking outcomes provide a theoretical basis for
further in vitro and in vivo antiviral evaluations of Tromantadine as a favourable therapeutic
candidate against HSV infection.

Table 4. Binding site residues as input for receptor grid generation throughout

docking

Receptor | PLB | Hy | Side Residues

2.95 24 41 | 1:(HIS148 VAL311 PHE313 GLY314 TRP315 ILE352 GLY355 MET356
80JA SER357 ASP358 LEU359 HIS595 LEU596 SERS9ALA600 ARG603
LEU802 LYS805 GLN806)

3SKU 5.00 56 90 1:(ASP368 ILE369 GLU370 CYS371 LYS372 ALA373 GLU378 LEU379

ALA380 PRO382 GLU426 TYR465 ASN466 PHE470 ASP471 LYS539
LEU540 ASN541 LYS552 LYS553 ASP554 LEUS55 SER556 TYRS557
ARGS58 ILES60 PROS61 ILES74 GLUS576 TYRS577 CYS578 GLN580
ASP581
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DNA polymerase (PDB ID: 8OJA)

Arg
lie L

S
O polar * sidechain acceptor O solvent residue arene-arene
O acidic < sidechain donor O metal complex ©H arene-H
basic ---» backbone acceptor solvent contact @+ arene-cation
greasy <+ backbone donor = metal/ion contact
e proximity - ligand O receptor
“" contour exposure exposure

Figure S. 2D Binding site interaction of Tromantadine (T) and Acyclovi (S) a with DNA
polymerase (PDB ID: 80JA) and the viral glycoprotein (PDB ID: 3SKU).
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Table 5. Docking findings of compounds (Tromantadine and Acyclovi )with( 8OJA
&3SKU) in site (1)

Code | geceptor S-score | RMS Bonding between atoms of compounds and residues of the active site 1 in
Drug (kcal/ D 30G7
mol) @A Atom of Atom of | Involved Interaction Distan | E(Kcal
compou receptor | receptor bond ce /mol)
nd residues A)
T 80JA | -5.6217 | 2.358 | - - - - - -
Acy 80JA | -5248 | 1.501 | O16 oG SER599(A) H-donor 3.03 -0.5
08 NH2 AGR791(A) H-acceptor 34 -0.8
T 3SKU -4.741 | 2.158 | O12 NZ LYS190(A) H-acceptor 2.59 -0.9
Acy 3SKU | -4.491 | 1.750 | N7 SG CYS 66 (A) | H-donor 3.55 -0.5
Cc12 SG CYS 66 (A) | H-donor 3.62 -0.5
o116 N ALA 65 (A) | H-acceptor 3.23 -1.4

3.4 Study analysis of ADMET and toxicity Properties.

Table 6 shows Tromantadine under study has the molecular formula of CisH2sN2O> with a
molecular mass of 280.41 g/mol. Tromantadine displays favorable drug-like characteristics as
outlined by sundry key parameters obtained via web SwissADME.

The physicochemical properties display the molecular weight within the drug-likeness
scale(<500). While The topological polar surface area (TPSA) of Tromantadine was 41.57
A2, indicating a good potential for membrane permeability. The value (Log P) was within a
range =2, suggesting a moderate lipophilicity, which is beneficial for oral absorption. The
number of rotatable bonds was seven, indicating a moderate molecular flexibility.
Tromantadine is soluble in aqueous solution, so it is appropriate for oral preparations. GI
absorption was high, indicating a good absorption in the gastrointestinal system. while the
blood-brain barrier (BBB) demonstrates a permeant ability to cross the BBB, which is useful
in medications that target the CNS. Table 6 shows there is no inhibition to CYP1A2,
CYP2C19, CYP2C9, CYP2D6, CYP3A4 which suggests low potential for drug-drug
interactions involving these metabolic enzymes. The drug-likeness and medicinal chemistry
results indicated a good oral bioavailability, moderate probability of oral bioavailability, and
moderate ease of synthesis (from I1(easy)to 10 (difficult). These findings indicate that
tromantadine has a promising oral bioavailability, drug-likeness, and low toxicity potential, as
well as strong gastrointestinal absorption and BBB permeability. It is not expected to inhibit

key CYP450 enzymes, reducing the possibility of metabolic interactions. Its moderate water
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solubility and acceptable physicochemical qualities make it a promising option for further

development as an orally active medicinal drug, particularly for CNS indications due to BBB
permeability (see Figure 6).

Table 6 . Predicted absorption and distribution parameters of Tromantadine

Physicochemical Properties
Formula Mwt | TPAS HBA | HBD | Rotatable Bonds | Fraction Csp* | Mola
(@/moh | A2 Refractivity
CisHosN2O2 | 280.4 | 41.57 3 1 7 0.25 79.70
Lipophilicity Water Solubility
Log Po/w =2.02 Log S@EsoLy= | Soluble Solubility9.62e- | Soluble | Log s (siLicos-iT)
-2.46 01 mg/ml -3.01
Pharmacokinetics
GI absorption BBB | P-gp | CYP1A2 CYP2C19 | CYP2C9 CYP2D6 | Log Kp
Yes Yes No No No No No -6.49 cm/s
Druglikeness Medicinal Chemistry
Lipinski | Ghose | Veber | Egan Muegge Bioavailability Synthetic accessibility
Score
Yes Yes Yes Yes Yes 0.55 4.48
LIPO
FLEX SIZE
INSATU POLAR
INSOLU

Figure 6. A spider shape of Tromantadine.

The toxicity of Tromantadine was determined using ProTox-II (website). It was expected to
be non-toxic based on organ toxicity (hepatotoxicity). The toxicity-endpoint results indicated
that the compound was expected to be non-mutagenic, non-cytotoxic, and non-carcinogenic.
The toxicity class for the chemical was (4). Notes: Class I: lethal if eaten (LD50 < 5); Class II:
fatal if swallowed (5<LD50<50). Class III is hazardous if swallowed (50< LD50< 300). Class
IV: hazardous if swallowed (300<LD50<2000). Class V may be dangerous if eaten (LD50 <
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2000), but Class VI is non-toxic (LD50>5000)[25]. The projected LD50 value suggests that

the chemical is hazardous if eaten and falls into class IV (see Table 7).

Table 7. Insilco toxicity evaluation of Tromantadine.

Organ Toxicity - endpoints Predicte | Predicted
Toxicity d Toxicity
LD50(m
g/kg)
Hepatotoxicity | Carcinogenicity | Immunotoxicity | Mutagenicity | cytotoxicity | 800 4
Inactive inactive inactive Inactive Inactive

4. Conclusions

In this study, activity of the medicinal compound, Tromantadine, was evaluated utilizing
DFT methods at B3LYP/6-31"'G basis. The comprehensive DFT and Fukui functions
analysis of Tromantadine revealed distinct electronic features that underpin its potential
biological activity. The identification of nucleophilic and electrophilic centers within the
molecule, alongside a moderate HOMO-LUMO gap, indicating a balanced chemical
reactivity favorable for interaction with viral targets. The calculated quantum chemical
descriptors, including chemical hardness, electronegativity, softness, and electrophilicity,
collectively suggest that Tromantadine possesses an electronic flexibility and polarity
necessary for effective binding and interfering with viral proteins and genetic material.

These insights support the hypothesis that Teromatin could serve as a promising candidate
for antiviral applications against herpes simplex virus by disrupting critical molecular
interactions within the viral replication cycle. Molecular docking studies of herpes virus
proteins DNA polymerase(80OJA) andGlycoprotein (3SKU) have demonstrated a complete
mechanism of action, thereby confirming computational predictions of the molecule. We
strongly support the need for experimental validation through laboratory-based assays based
on these data.
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Abstract

Over the past few decades, there has been a global focus on the threat posed by pollution and
climate change brought on by diverse human activities. Although carbon capture and storage
(CCS) techniques were originally seen to be a potential technological solution to lessen this
concerning situation, they are now regarded as economically Stressful, and it is yet unknown
how they would affect the environment in the long run. An alternative method for recycling the
surplus CO: (produced by power stations, cars, volcanic explosions, and the breakdown of
organic matter) is the biological capture of CO: using microalgae. Algae offer a promising
method for sequestration carbon as global CO: emissions rise. They effectively collect CO2 from
the atmosphere through photosynthesis, turning it into biomass at rates that are noticeably higher
than those of ordinary plant systems. Microalgae are considered as a feasible substitute for
reducing climate change due to this natural process. This essay examines the ecological
significance of algae in absorbing CO: and converting CO: into biomass by microalgae, like

Chlorella sp. and its conversion into bioenergy goods, such as biohydrogen.

key words: Algal biomass, Climate Change, CO2 Emissions, greenhouse gas.
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1. Introduction:

NASA defines climate change as the ongoing alteration of the earth's climate brought on
by human activities (industrialization, the burning of, deforestation, fossil fuels etc.),
which produce greenhouse gases (GHGs) and ultimately lead to global warming. The rise
in greenhouse gases, primarily CO2 (418 ppm at the moment), is blamed for climate
change. This trend is increasing and contributes to an increase in our planet's surface
temperature of roughly 33.81°F [1]. In addition, this phenomenon causes the oceans to
warm by more than 0.4°F since the early 1970s, Antarctica's ice mass to rapidly diminish
(by roughly 147 gigatons annually), the sea level to rise (by 3.4 mm annually), and
ultimately, various natural disasters such as drought, heavy precipitation, or ocean
acidification [2]. There are global efforts made to reduce the negative consequences of
climate change and lower greenhouse gas emissions like CO.. Certain microorganisms,

like microalgae and photosynthetic bacteria, have the ability to absorb CO- and use it as a
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source of carbon for growth. Microalgae are excellent options for lowering atmospheric

CO: in cities due to their exceptional CO: bio-capture or CO: capacity [3].

Many people agree that one of the important concerns confronting the world today is
climate change, which has broad implications like increasing sea levels, biodiversity
loss, increased atmospheric GHG concentrations, and longer heat waves that occur
more frequently [4,5]. Unfortunately, human health has also suffered as a result of these
resulting changes in natural phenomena, these detrimental effects are constantly made
worse by the ozone layer's thinning and also the rise in temperature, which raises the

number of illnesses and fatalities related to heat [6,7,8].

The ability of algae to fix CO: higher than terrestrial plant up to 50 times, one of the
primary advantages of employing them to reduce CO- [9] and store solar energy as

chemical fuels through the photosynthetic process [10] Figure 1 [11].

Sun

|
\‘\ ’”"-//
k- 3

‘/'('\

Carbon dioxide [ =
Oxygen ENVE

Figure 1: Minimizing carbon footprint via microalgae as a biological capture [11].

According to the mechanism of photosynthesis, microalgal species may thrive at high
levels of CO2 (40%). It is proven to facilitate in reducing greenhouse gas emissions, which
eventually benefits the Blue Economy [12] Figure 2 [13]. To estimate, half of the biomass
of microalgae is made up of carbon (w/w), and they can convert inorganic air carbon into
organic carbon biomass [14]. Algae biomass can transform into different biofuels (like
bioethanol, biodiesel, and biogas). By producing liquid fuels, biogas, these procedures

help remedy environmental worries related to fossil fuels [15].
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Figure 2: Macro assessment of microalgae-based COazsequestration: Environmental and

energy effects [13].

The microscopic, free-drifting microalgae, also known as phytoplankton, are the most

abundant plant life found in the waters.

Photosynthesis is how these single-celled organisms like Chlorella use solar energy to
stay alive, and algae stay suspended in water bodies [ 16]. Phytoplankton contribute over
50% of the world's primary production and oxygen, as well as other supporting services.
Furthermore, phytoplankton significantly influences nutrient recycling and
biogeochemical cycles in both terrestrial and aquatic environments. So, it makes a
substantial contribution to climate regulation [17]. In contrast to numerous other species,
algae are characteristically very adjustable and lack the need for arable land for

cultivation, making them a suitable biomass alternative [ 18].
The role of CO:z in algal growth and biocomponent-1.2
production

CO: is a basic substrate for photosynthetic processes undertaken by algae, acting as the
main source of carbon for the production of biomass and bioproducts. During

photosynthesis, microalgae use CO: to transform sunlight and inorganic carbon for

.
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organic compounds, including proteins, lipids, carbohydrates, and other useful

biochemicals. CO: is a basic substrate for photosynthetic processes undertaken by algae,
acting as the main source of carbon for the production of biomass and bioproducts. During
photosynthesis, microalgae use CO: to transform sunlight and inorganic carbon for
organic compounds, including proteins, lipids, carbohydrates, and other useful
biochemical according to studies, adding CO: to cultures often increases biomass yield
and microalgal development while also the synthesis of important biochemical
components, including pigments, lipids, and fatty acids [’ 1]. Increased synthesis of these
chemicals results from improved carbon flow through metabolic pathways brought about
by elevated CO2 levels. Lipid production is a crucial component in biofuel applications,
so this result is very significant. While some species may tolerate concentrations as high
as 30%, the ideal CO: concentrations for different species usually fall between 0.1% and
15%. For instance, when CO: concentration is raised from ambient levels (~0.04%) to
roughly 15%, Chlorella wvulgaris shows improved growth and higher lipid

accumulation|[20].

Excessively elevated amounts may be harmful. Elevated CO; lowers pH, which can
inhibit photosynthetic efficiency and interfere with the activity of enzymes like carbonic
anhydrase. Also, by competing for the activity of Rubisco and producing oxidative stress,

the buildup of dissolved oxygen during photosynthesis can prevent CO, fixation [21].

Microalgae are crucial to the carbon cycle because they are thought to absorb about 50
gigatons of CO: a year, which is more than half of all photosynthetic activity worldwide.
In addition to reducing human-caused CO: emissions, using microalgae for CO: bio-
fixation offers prospective avenues for carbon capture and use carbon capture and
utilization for the production of renewable biofuels and bioproducts. The economic
viability and environmental advantages of scaling up CO:-enriched cultivation of algae
in conjunction with treatment of wastewater and industrial sources of carbon dioxide

could be enhanced [22].
1.3-Sources of CO2 Emissions

The Earth heats as a result of greenhouse gases catching heat. Nearly every increase in
greenhouse gases during the past 150 years in the atmosphere is attributable to human
activity, also Fossil fuel combustion for electricity, transportation, and heating is the major

cause of greenhouse gas emissions linked to human activities [23] Figure 3[24]. Carbon
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L
dioxide occurs as part of the Earth's carbon cycle in the atmosphere, which is the natural

flow of the element carbon between the atmosphere, seas, soil, animals, and plants.
Anthropogenic activity is changing the carbon cycle by raising the atmospheric
concentration of CO: and influencing the ability of natural ecology, like soils and forests,
to absorb and hold onto CO.. Human activity is the main driver of the rise in the atmosphere
through the industrial upheaval, despite the fact that there are other natural sources of CO2

emissions [25].

Approximately 45 percent of Iraq's domestic product is derived from industrial production.
Recognizing that energy significantly increases carbon emissions is essential. The
International Energy Agency estimates that the energy industry in Iraq is responsible for
90% of the country's carbon emissions. Carbon emissions, produced by industry, are
detrimental to the environment, public health, economic sustainability [26]. Since many
industrial processes require electricity, the generation of electricity indirectly increases

CO2 emissions [24].

Non-Energy Use of Fuels
Other 2%

5%

Residential & Commercial
12%

Figure 3: United States Environmental Protection Agency (EPA). Carbon Dioxide

Emissions [24]
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1.4- The mechanism of CO2 phyco-capture
The technique known as "phyco-capture" allows microalgae to fixate CO2 through
photosynthesis, which is the mechanism used by most kinds of carbon capture. In this
mechanism, photoautotrophs transform light energy and inorganic molecules into
organic matter [27]. Energy is produced by microalgae through both light-dependent
and light-independent processes. Both reactions take place inside the chloroplasts, the
first in the stroma and the second in the thylakoid membranes Figure 4[3]. During
photosystems 1 and 2 (light-reliant processes), which are composed of protein and
pigment complexes that absorb light and carry out the reactions to produce NADPH and
ATP, electrons are transported from water out of non-cyclic photophosphorylation.
Following energy collection, the Calvin cycle (including light-non-reliant processes)

uses it to create glucose (C6H1206) and other carbohydrates [28,29].

Chloroplast

Photosystems | & 11
(Light dependent
reactions)

Carbohydrates

Calvin Cycle
(Light independent
reactions)

Figure 4: Phycocapture of CO2 as an option to reduce greenhouse gases in cities: Carbon

sinks in urban spaces [3]

Due to its effects, climate change has become The main topic on international agendas.
Finding ways to trap greenhouse gases is crucial for both the environment and our way
of life. One promising option for global implementation is the biocapture of CO2 by
microalgae. These systems can operate on a large scale similarly to the carbon credits
currently in place in forest zones, In the broadcast area, they capture CO2 comparable to

emissions from human activities that are not exactly carried out. Because the algae system
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can take in more than 15 times as much data as a typical tree, this form of capture can

ensure a higher capture rate than that utilized with taller plants [20].

2. Conclusions

Biological CO: capture using rapidly growing microalgae during photosynthesis is one of the
key elements that can eventually aid in decarbonization and turn it into biomass. Microalgae
biomass can be converted into renewable biofuels, providing sustainable energy alternatives that
lower reliance on fossil fuels and decrease carbon emissions, thus reducing global warming.
Additionally, by taking the place of feed and chemical fertilizers, microalgae provide a
multifaceted strategy to mitigate climate change and improve sustainable agriculture. Microalgae
also support ecosystem health by lowering nutrient pollution and treating wastewater. Although
several studies on the bio-capture of carbon dioxide by algae have been published, additional

study is demanded to decrease the greenhouse effect.
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Abstract:

Coated graphite electrodes (CGE) are used in this study. Doxycycline hyclate (DOX) has been
successfully detected using the manufactured electrodes DOX-DBP, DOX-TBP, and DOX-NB
in pure, pharmaceutical (monodoks 100 mg/capsules), and biological formulations. With a low
percentage of RSD (1.18-2.16) %, the percentage of recoveries was found to be within the range
of (96.99-103.68) %, indicating the accuracy of the drug estimation method at optimum
conditions pH (2-6) and temperature (10-45). Additionally, it was discovered to have a long
life, low detection limit, broad linearity and a good slope as compared to the construction
electrodes. Also this method is rapid, economical and has excellent potential stability.
Employing the t-test and F-test to assess the validity and efficacy of using the manufactured
electrodes, the results demonstrate that the electrodes were successful and that there was no

discernible difference between the technique suggested and the standard method.

Keywords: Coated graphite electrode, Di butyl phthalate, Doxycycline hyclate, Graphite
rode, Monodoks capsules.
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1. Introduction:

Doxycycline hyclate (DOX) chemically it is Hydrochloride hemiethanol hemihydrate of
(4S,4aR,5S,5aR,6R,12aS)-4-(dimethylamino)-3,5,10,12,12a-pentahydroxy-6-methyl-1,11-
dioxo-1,4,4a,5,5a,6,11, 12a-octahydrotetracene-2-carboxamide. has chemical structure showed
in Figure 1 in pharmaceutical samples, doxycycline hyclate is utilized more frequently. because
it is significantly more soluble in water than another form of doxycycline. [1,2]. A broad-
spectrum antibiotic that is classified as part of the tetracycline class, doxycycline can find use in
medicine for both humans and animals [3]. In order to treat pulmonary illnesses DOX has been
used extensively during the COVID surge [4]. Additionally, DOX has been shown to be
effective against microorganisms, inflammation, urinary tract infections, and some bacterial
sexually transmitted diseases [5]. has antitumor effects as well [6]. The examination of DOX in
different biological and pharmacological formulations has been studied in many of published
articles using a variety of analysis techniques, including spectrophotometry [7-13], RP-HPLC
[14] HPLC [15-17], HPLC-mass [18], HPTLC [19], ratiometric probe [20], flow injection [21],
Fluorometric [22-24], glassy carbon [25], potentiometric sensor [26,27] and voltammetry [28].
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The purpose of this work is to use coated graphite electrodes (CGE) with three types of
plasticizers (DOX-DBP, DOX-TBP and DOX-NB) to develop a simple, inexpensive, and widely

linear range analytical method for determining DOX in pharmaceutical and pure formulations.
The basic analytical measures were calculated and compared and attracted a lot of attention due

to their exceptional properties, which include good chemical stability, accurate and sensitivity.

OH O OH O O
OH

Figure 1: Chemical Structure of Doxycycline Hyclate
2. Material and methods:

2-1- Instrumentation
Potentiometric measurements were performed using a HANNA instruments pH301 and a
Jenway 3310 pH-meter, equipped with calomel reference electrodes (Swiss supplier).

Elemental analysis (CHN) was carried out using a PerkinElmer USA 2400 Series II analyzer.

2-2-Materials

Deionized distilled water (DDW) was used throughout all experiments. Doxycycline (DOX)
was kindly provided as a gift from SDI (Samara, Iraq). Poly (vinyl chloride) (PVC), dibutyl
phthalate (DBP), nitrobenzene (NB), tetrahydrofuran (THF), graphite rods, phosphomolybdic
acid (PMA), and tributyl phosphate (TBP) were purchased from Sigma-Aldrich.
Pharmaceutical-grade doxycycline monohydrate capsules (Monodoks, 100 mg) were purchased

from a local pharmacy.

2-3- Preparation of stock solutions

A precisely weighed quantity of DOX (5.129 g) was transferred to a 100 mL volumetric flask
and dissolved in deionized distilled water to prepare a 0.1 M (1.0 x 10~* M) stock solution. The
volume was then made up to the mark with DDW. Subsequent working solutions in the
concentration range of 10 nM to 10 mM (1.0 x 10®* M to 1.0 x 102 M) were prepared by

appropriate serial dilution of the stock solution with deionized distilled water.
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2-4- Pharmaceutical sample preparation (monodoks100 mg/ capsules)

A suitable quantity of powdered capsules of (monodoks) was dissolved in 50 mL of deionized
distilled water to create (1.0x10") M in order to prepare this sample. Deionized distilled water
was used to properly dilute the other diluted solutions.

2-5- Ion pair preparation (DOX-PMA)

50 mL of PMA and 50 mL of DOX at (1.0x10"?) M were combined to create the ion-pair DOX-
PMA precipitate. After filtering, the precipitate was repeatedly washed with deionized water
and left to dry at room temp for some days. The supposed ion-pair complex composition, with
amolar ratio of 1:1 for DOX-PMA, was determined by elemental analysis; the results are shown

in Table 1 below.
Table (1): C.H.N. for the (DOX-PMA) ion pair

DOX-PMA
Element %C %H %N
Found 9.99 2.90 1.00
Calculated 9.97 291 1.01
Formula [C,3H,9N,04Cl [H3PO4oMo4,]. 24H,0
Construction 2-7-

of electrodes (DOX-DBP, DOX-TBP and DOX-NB)

The process described previously [29] is used to prepare PVC membranes and assemble them
into the sensor. These membranes employed three different kinds of plasticizers [DBP, TBP,
and NB] to prepare coated graphite electrodes (CGE).

3. Results and Discussion:

3-1- Linearity, slope and detection limit

Potentiometric measurements were performed using a Calomel reference electrode immersed
in DOX drug solutions (1.0x108- 1.0x10") M. E (mV) was measured for every solution, and
a calibration curve was plotted, as seen in Figure 2 , E(mV) versus —log [DOX]. DBP plasticizer
is renowned for its superior plasticizing effectiveness and PVC compatibility the electrodes'
parameters can be seen in Table 2 where it is obvious that the electrode made with DBP
plasticizer has wider liner range than the electrode made with TBP and NB and All prepared
electrodes demonstrated a near-Nernstian slope and a low detection limit. Furthermore, when
compared to other reported electrodes for doxycycline detection, the proposed electrodes were
found to possess a superior combination of a wide linear range and a low detection limit. A
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comparative summary of the performance characteristics between the suggested electrodes and

previously published ones is provided in Table 2.

Table (2): Analytical parameters for the DOX-DBP, DOX-TBP and DOX-NB electrodes and comparison

with those previously published in the literature

Electrode type Liner range M Slopes (mV Upper detection | Lower detection
decade-1 limit M limit M

present study

DOX -DBP 1.0x10¢- 1.0x10! 58.64 0.2019 4.76x107
DOX-TBP 5.0x106-1.0x1072 58.13 0.0207 2.37x10°¢
DOX -NB 1.0x107 - 1.0x10°2 57.93 0.0203 5.00%10°¢

previously published electrodes

[26] 1.0x107 - 1.0x1072 54.4 Not cited 4.0x10°¢

[27] 1.99x107 - 3.19x10 62.30 Not cited 1.33x10°

600
DOX-DBP y =-58.647x + 623.75

DOX-TBP y = -58.134x + 583.94
DOX-NBy =-57.937x + 528.1

500
400

>

E300
200

100
—8—DOX-DBP —@—DOX-TBP DOX-NB

0 1 2 3 4 5 6 7
-log[DOX]

Figure 2 : calibration curve of DOX for the manufactured electrodes
3-2- Effect of pH

The ideal pH range was determined, within which the electrode potential is constant
independent of the pH of the sample. The electrode potential was measured in a DOX solution

(1.0x10"*) M with a pH range of 1-8 for this purpose. Using KOH and/or HCI solutions, the pH
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was adjusted. Figure 3 illustrates how the electrode potential and solution pH relate to one

another. It is clear that the DOX-DBP, DOX-TBP, and DOX-NB sensors have a pH range of

(2-6). Potential measurements decrease at pH values below 2 and above 6 because the efficacy
of doxycycline hyclate is diminished in solutions with a pH below 2, and it is quickly destroyed

in alkali hydroxide solutions [2].

500 -
400 -
300 - .4 &‘
E
E 200
100 -
«=¢==DOX-DBP  =i=DOX-TBP DOX-NB
0 I I I I 1
0 2 4 on 6 8 10

Figure 3: Effect of pH for (DOX-DBP, DOX-TBP, and DOX-NB) electrodes

3-3- Temperature's impact

Using a range of temperature values (5-70) °C, the impact of temperature was investigated.
The electrode potential was measured in a DOX solution (1.0x10) M with a temperature
range (5-70) °C. The results displayed in Figure 4 showed that the DOX-DBP, DOX-TBP, and
DOX-NB electrodes work best at temperatures between 10 and 45 °C. Without appreciably
changing its Nernstian slope, the results indicate that each fabrication electrode has a high

degree of thermal stability.

500 -
300 -
Emv
200 -
=4=DOX-DBP ~#-DOX-TBP DOX-NB

100 -

0 I I I 1

0 20 40 60 80

T°C
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Figure (4): Temperature's impact on manufactured electrode response

3-4- Life time

The stability of the construction electrodes was assessed by by performing potentiometric
analyses three times a week in the various DOX drug solutions. The results showed that the
potential value and Nernstian slope could be maintained without significantly altering the use
of the (DOX-DBP, DOX-TBP, and DOX-NB) electrodes for (27, 32, and 40) days, respectively.
The electrodes' potential was gradually observed to be decreasing, and the Nernstian slope was
gradually drifting. This may be due to the formation of a water layer between the solid contact

(graphite rod) and membrane phase [30].
3-5- Interference studied
The selectivity coefficients for the manufactured electrodes (DOX-DBP, DOX-TBP, and DOX-

NB) were determined using the separate solution method (SSM) [31]. The coefficients were

calculated using the following equation:
Log K=(E;-Ei)/S

as described previously [32]. The results, presented in Table 3, reveal high selectivity of the
sensors towards doxycycline (DOX). The very low values of the selectivity coefficient (K) for
each electrode indicate that the electrode potential was unaffected by interfering ions,

demonstrating excellent selectivity for the target analyte.

Table 3: K values of the constructed sensors

Interfering ion Selectivity coefficient values
Kty
DOX-DBP DOX-TBP DOX-NB

Nal* 5.84 x 1072 6.55 x 1072 7.09 x 1072
K+ 5.10 x 1071 592 x 1071 6.67 x 1071
Ca®* 9.53 x 1072 9.96 x 1072 471 x 107!
c1- 3.43 x 1071 6.06 x 107! 6.59 x 1071
Br!- 298 x 1071 3.71x 1071 6.92 x 1072
(o0 M 217 x 1071 2.88x 1071 481 x 107t
NO;*™ 3.44 x 1071 6.01 x 1071 6.50 x 1071
S0,2~ 4.00 x 1072 7.60 X 1072 1.25x 1071
Glucose 8.33x 1073 9.78 x 1073 2.00 x 1072
Fructose 1.30 X 1072 3.69 x 1072 8.99 x 1072
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Starch 3.48 x 1072 3.77 x 1072 5.51 x 1072

3-6- Accuracy and precision

The accuracy and precision of the procedure were assessed by examining the pure drug and
repeating each solution multiple times. Precision and accuracy were evaluated utilizing
recovery% and relative standard deviation% (RSD%). The RSD% ranged from 1.1873% to
2.1691%, while recovery percentages ranged from 96.99% to 102.86%. These techniques have

respectable accuracy and precision, as shown by the results Table 4.

Table 4: Statistics for measuring pure DOX with manufactured sensors.

Electrodes Taken [DOX] M Found [DOX] M %Recovery %RE
1x107! 1.0064 x 1071 100.64 0.64
1x1072 9.8537 x 1073 98.54 1.46

DOX-DBP 1x1073 1.0035 x 1073 100.35 0.35
1x107* 9.8251 x 107° 98.25 1.75
1%x10°° 1.0006 x 107> 100.06 0.06
1x10°° 9.7965 x 1077 97.96 2.04

%Mean + SD 99.30+1.17

n 6

Variance 1.39

%RE -0.69

%RSD 1.18
1x1072 1.0130 x 1072 101.30 1.30

DOX -TBP 1x1073 1.0184 x 1073 101.84 1.84
1x107* 9.8413 X 1075 98.41 -1.59
1x10°5 9.8936 x 107 98.93 -1.07
5x107° 4.8498 x 107 96.99 -3.01

“oMean £ SD 99.499-2.03

N 5

Variance 4.13

%RE -0.50

%RSD 2.04
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1x1072 9.9105 x 1073 99.10 -0.90

DOX-NB 1x1073 1.0286 x 1073 102.86 2.86
1x107* 9.8611 x 1075 98.61 -1.39
1x10°° 1.0235 x 107° 102.35 2.35

%Mean + SD 100.73£2.18

n 4

Variance 4.77

%RE 0.73

%RSD 2.16

3-8- Application of the method

Under optimal conditions for working, the proposed technique could be used to determine DOX
in biological formulations and pharmaceutical formulations (Monodoks 100 mg/capsules) using
the direct method and the standard addition method. Table 5 provides a summary of the results
that were obtained. The findings presented in Table 5 suggest that the method has good
efficiency and estimation accuracy because the recovery percentages for the pharmaceutical
form analysis ranged from 98.55 % to 103.6808 %, while the recovery percentages for
biological formulations ranged from 98.19 % to 101.08 %.
Table S: Manufactured electrodes for determinations of DOX in pharmaceutical and

biological samples

Electrode Sample Taken Found [DOX] M %Recovery %RE
[DOX] M
Direct method
DOX-DBP . 7x 1073 6.8986 x 1073 98.55 -1.45
RY
DOX-TBP é 7 %1073 7.0930 x 1073 101.32 1.32
DOX-NB - 7 %1073 6.9304 x 1073 99.00 -0.99

Standard addition method

DOX-DBP . 2x107* 2.0225 x 107* 101.12 1.12
=~

DOX-TBP S 2x107* 2.0325 x 107* 101.62 1.62
=)

DOX-NB s 2x107* 2.0736 x 10~* 103.68 3.68

biological forms
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DOX-DBP 2x107° | 19639x 1073 98.19 181
DOX-TBP 2 2x 1073 | 1997x 107 99.85 -0.15
DOX-NB i 2x107° | 20216x 107 101.08 1.08
DOX-DBP 2x107° | 20028x 107 100.14 0.14
DOX-TBP % 2x1073 2.0128 x 1073 100.14 0.64
DOX-NB > 2x107° | 1.9818x 1073 99.09 -0.91

3-9- Robustness and ruggedness

The process of evaluating a method's robustness involved changing the aqueous solution to
ethanol and seeing how it held up against small changes in standard operating parameters
Results are displayed in the Figure 5. Ruggedness was assessed in this study using a different
pH meter and was derived from the analysis of the same drug under various conditions (pH

meter Jenway 3310). Results are displayed in the Figure 6. [32,33]

700 -

600 DOX-DBP y = -58.558x + 688.09
DOX-TBP y = -57.834x + 632.47

500 - DOX-NB y = -57.605x + 576.54

400 - \

s 300 -
£
w
200 -
100 -
==¢=—DOX-DBP =li=DOX-TBP DOX-NB
0 T T T T T T 1
0 1 2 3 4 5 6 7
-log[DOX]

Figure 5: The robustness of the manufactured electrodes
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Figure 6: Ruggedness of the manufactured electrodes

3-10- Assessment of results

technique suggested and the standard method.

Employing the t-test and F-test to assess the validity and efficacy of using the manufactured
electrodes for determining (Monodoks 100 mg/capsules), the results in Table 6 demonstrate

that the electrodes were successful and that there was no discernible difference between the

Table 6: The t-test and F-test are used to assess the results.

Electrode %Mean £SD n Calculate Tabulated Calculated Tabulated
d t-test t-test for %95 F-test F-test for %95

DOX-DBP 99.30+1.17 6 0.78 2.57 0.80 5.19
DOX-TBP 99.49 + 2.03 -1.92 2.78 0.26 6.39
DOX-NB 100.73+£2.18 4 1.80 3.18 0.23 9.12
Standard 100.28+ 1.05 0.00 0.00 0.00 0.00
method*

(HPLC)

*The constitutional method (USP41) for Wadi Al-Rafidain Pharmaceutical Industries using
HPLC
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4. Conclusions
The present method uses construction electrodes (DOX-DBP, DOX-TBP, and DOX-
NB) to measure DOX in biological formulation (urine and plasma) and
pharmaceutical forms. The manufactured electrodes had a long life time, a low
detection limit, broad linearity, a good slope, and very good potential stability.
Statistical analyses indicate that the accuracy and precision of all electrodes are
respectable. The constructed sensors were unaffected by to foreign ions and highly

sensitive to DOX drugs.
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Abstract:

Nanoparticles (NPs) are a high throughput, multiflexible material and have transformed
nearly every part of human life in the last decade by possessing immense commercial
applications all over the world. Nevertheless, these particles have found their way into the
environment in many ways, causing unintended effects to the environment and risking the
health of human beings and ecosystems. Conventional remediation methods often involve
expensive chemical treatments that can disrupt ecosystems. In contrast, phytoremediation—
the use of plants to treat polluted environments—offers an environmentally friendly and cost-
effective solution. The sunflower (Helianthus annuus L.) stands out as an excellent candidate
thanks to its rapid growth, resilience against challenging environmental conditions like high
temperatures, adaptability to varying soil types, and its remarkable capacity to extract heavy
metals that accumulate in its roots. This article explores nanomaterials, their environmental
implications, and the innovative use of sunflower plants for their treatment. It further delves
into converting the treated biomass into sustainable biofuel. Additionally, the study examines
the mechanisms that improve phytoremediation efficiency, addresses the challenges
encountered in the process, and discusses recent advancements designed to enhance its

effectiveness.
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1. Introduction:

Nanomaterial pollution has become a prevalent environmental issue, presenting serious
threats to both ecosystems and human health [1]. Industrial and agricultural activities have
contributed to the extensive release of nanomaterials like zinc and silver into soil and water
systems [2]. These metals are highly toxic and non-biodegradable, which means they leads to
long-term pollution if it remains in the environment for a long time. As these substances
accumulate in the food chain, they expose humans and animals to significant health risks,

including neurological damage, cancer, and organ toxicity [3].

Traditional approaches to environmental remediation, such as excavation, chemical
treatments, and incineration, are undoubtedly effective but come with significant drawbacks.
They are costly, consume large amounts of energy, and often result in additional ecological

disruption Excavation, for instance, can strip away vital topsoil, while chemical treatments
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risk introducing secondary pollutants or harmful toxins. Furthermore, the long-term

sustainability of these methods is questionable, highlighting the growing demand for more
eco-conscious solutions. In response to this challenge, phytoremediation has gained
recognition as a viable, environmentally sustainable, and cost-efficient alternative to

conventional techniques [4].

Phytoremediation stands out as an innovative and eco-friendly approach to mitigating the
impact of environmental pollutants. By harnessing the natural abilities of plants, particularly
hyperaccumulators, and fine-tuning environmental conditions, this method offers an effective
solution for pollution control across various sites, aiding in ecosystem recovery |[5]. Its
reliance on plants as self-sustaining agents minimizes the need for expensive infrastructure
and energy-heavy remediation efforts. The adaptability of phytoremediation to address
diverse contaminants—ranging from heavy metals and organic compounds to emerging
pollutants—highlights its potential across a broad spectrum of environmental challenges.
Aligned with the principles of ecological balance and conservation, this strategy reduces
dependence on chemical interventions while lowering the likelihood of unintended adverse
effects. Moreover, phytoremediation supports ecological health by fostering biodiversity and

bolstering ecosystem resilience [6].

Sunflower (Helianthus annuus L.) has emerged as one of the most effective plant species for
phytoremediation, largely due to its rapid growth, substantial biomass production, and
remarkable ability to absorb diverse heavy metals [7]. Originally native to North America,
this annual species thrives across various environments, ranging from farmlands to industrial
areas polluted by metals. Its distinct advantages over other phytoremediation plants include
superior biomass yield and highly efficient metal uptake, positioning it as a prime choice for
large-scale remediation efforts [8]. Whether addressing contaminated soils or polluted water
bodies, sunflowers excel in extracting pollutants. Their extensive root system enhances the
absorption of contaminants, making them equally suited for both land-based and aquatic
remediation projects. Sunflowers stand out as an appealing option due to their low cultivation
costs and ease of handling, making them accessible for various applications [9]. While their
potential for pollutant treatment shows promise, there are significant challenges that need
resolution to fully capitalize on their effectiveness. These challenges primarily involve
concerns such as metal toxicity, environmental fluctuations, and the disposal or management
of metal-rich biomass post-phytoremediation. This review seeks to offer a detailed

exploration of nanotechnology, emphasizing its ecological impact and the mechanisms
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driving its role in phytoremediation. Particular attention will be given to sunflower's

capability in removing nano-pollutants and the feasibility of repurposing treated biomass for
biofuel production. Additionally, it will delve into the existing obstacles and suggest future
research directions aimed at optimizing the use of sunflowers for pollutant remediation

efforts.

2. Pollution

Adding pollutants to the natural environment causes harmful changes. Pollution can come
from a variety of sources: chemicals or energy, such as noise, heat, and light. However, when
these levels exceed normal levels, they are classified as pollution. Environmental pollution is
one of the worst emerging problems in our world today, negatively impacting humanity and
other living organisms, "Environmental pollution is defined as pollution of the physical and
biological components of the Earth's atmospheric system to the extent that normal

environmental processes are negatively affected” [10].

In recent decades, factories and means of transportation have developed whose waste
destroys the environment and overuses pesticides, which are toxic substances and fuel
materials [11]. As well as a significant increase in heavy metals, which are a group of
common metallic chemicals such as cadmium (Cd), mercury (Hg), lead (Pb), arsenic (As),
zinc (Zn), copper (Cu), nickel (Ni) and chromium (Cr) that originate either from natural or
industrial sources including wastewater released from the oil and gas industries [12], as well
as the use of phosphate fertilizers in agriculture sanitation, pesticide use, and fossil fuel
burning which pose a significant threat to human health [13]. The widespread use of NPs in
various products and applications further escalates environmental contamination, released into
the air, water, and soil, these nanoscale particles present a grave threat; their minuscule size
allows them to float in the atmosphere, spread via water systems into soil, and eventually
enter the food chain through plant absorption. This accumulation in plants leads to
transmission into humans, ultimately causing harmful impacts; therefore, it is necessary to
find therapeutic methods to rid the environment of heavy metals or reduce their quantities
[14]. Biological techniques to address the problem of pollution are one of the most used and
safe methods for the environment, known collectively as biological remediation, and include
the use of living organisms (plant, microorganisms, genetically modified organisms with the
ability to reduce pollution levels through metabolic biological processes to reduce or prevent

pollution [15].
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3.Nanotechnology

Nanotechnology is the science, engineering, and technology of materials at a nanoscale
ranging from 1 to 100 nm [16], which is the study and application of extremely small objects
and is used in all other fields of science, such as chemistry, biology, physics, materials
science, and engineering. Nanomaterials manifest in the environment through several
pathways, including (i) intentionally crafted man-made nanomaterials, which afford precise
control over size and properties. There are two types of methods to synthesize nanoparticles:
The top-down process involves taking raw materials in bulk and reducing their dimensions
using various techniques, such as grinding and lithography. The bottom-up method is a
chemical and biological approach in which atoms or chemical compounds, along with a
reducing agent (such as leaf extract), are used for cost-effective nanoparticle synthesis,
allowing for the rapid formation of nanoparticles [17] (Fig.1). (ii) unintentional nanomaterials
generated by industrial processes like combustion in heat engines, and natural phenomena
such as fires, and (iii) naturally occurring nanomaterials. Recent years have witnessed an
upsurge in nanoparticle production [18], exemplified in their use as antibacterial agents,
where they mitigate bacterial proliferation and enhance the efficacy of antibacterial
treatments. In drug delivery systems, nanoparticles offer physiochemical properties that
selectively target cancer cells while minimizing side effects, albeit higher concentrations may
induce toxicity [19]. Nanoparticles also serve as protective shields in food preservation,
feature in sunscreens to shield against ultraviolet radiation, contribute to diagnostic
procedures [20], and aid in pathogen elimination. Furthermore, their applications extend to
the purification of water sources, removal of heavy metals from water, and augmentation of
fertilizers for agricultural purposes. The electronics industry also harnesses the potential of
nanoparticles [21]. Nanoparticles are integral to our daily lives, thanks to their unique
physical, chemical, and biological properties. Their behavior and characteristics shift based on
factors such as size, shape, acidity, and concentration. While these transformations can lead to
environmental harm through specific reactions, nanoparticles also offer significant benefits.
They contribute to enhanced plant growth, support advancements in renewable energy, and
are essential in pharmaceutical treatments. Their influence spans multiple fields, bringing
both advantages and challenges. To ensure the well-being of living organisms, it is crucial to

adopt environmentally responsible practices that maintain a balanced ecosystem.
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Figure 1: Top-down and bottom-up approach to the synthesis of nanoparticles [17]
4. Impact of Nanoparticles on Environmental

In today's world, numerous human activities contribute to the release of nanoparticles into
the environment, leading to contamination in essential elements such as soil, air, and water.
Among the key sources of these emissions is the disposal of unwanted nanomaterial waste,
which often involves burning, releasing nanoparticles in the form of ashes. Construction sites,
as well as gas, petroleum, and water pipelines, also contribute to environmental emissions.
Cement industries release small particles into the environment during their processes, and
even different fields like agriculture, roadside traffic, and the polymer industry experience
toxic emissions of nanoparticles. Workers are particularly susceptible to this nanoparticle
exposure, which may increase the risk of health problems such as skin issues, damage to the
respiratory system, and harm to certain cells in the body. Nanoparticles' behavior changes
depending on their size, shape, and other factors, leading to changes in their chemical and
physical properties. Nano fertilizers are responsible for soil toxicity, climate changes, soil
deficiency, and other issues [22] . Zinc nanoparticles can induce cellular toxicity in plants,
leading to growth retardation, reduced photosynthesis, and altered gene expression in all
affected plants. Higher nanoparticle concentrations are primarily responsible for the reduction
in photosynthesis. AgNP can also inhibit plant growth [23]. Nanoparticles represent a double-
edged sword, offering immense potential while demanding caution to mitigate their negative
impact. Often described as "invisible pollution," nanoparticle contamination is among the
most critical environmental issues to address [24]. Due to their extremely small size, these
particles pose significant risks by infiltrating plant and animal cells and even penetrating

human skin, potentially causing severe adverse effects. The widespread use of nanoparticles
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in numerous products and applications has led to substantial environmental pollution. Once

released into the air, water, and soil, nanoparticles present serious concerns due to their ability
to disperse through these mediums and accumulate within plants. These contaminated plants
eventually enter the human food chain, leading to harmful and sometimes long-term
consequences [25] [26]. Nanoparticles can directly interact with plants through their foliar
parts, affecting growth, development, biochemical processes, and physiological functions
[27]. For example, copper nanoparticles (CuNPs), widely used as bactericides and fungicides
in agriculture, are highly toxic to aquatic ecosystems [28]|. The effects of nanoparticle
pollution are far-reaching, disrupting environmental balance, destabilizing ecosystems, and
contributing to a range of human health disorders. Prolonged exposure to nanoparticles
elevates the risk of severe cardiovascular and respiratory diseases and can also result in
premature death [29]. Inhaling air laden with nanoparticles triggers pulmonary inflammation
and worsens respiratory conditions in humans [30]. As the production of nanoparticles
continues to surge across various sectors, it exerts an undeniable influence on both the

environment and living organisms, impacting health and well-being (Fig. 2).
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Figure 2: Impact of nanoparticles on environmental [24]
5. Phytoremediation

The origin of the word phytoremediation from the prefix "Phyto" means plant and
remediation means treatment or reversal of damage, Phytoremediation is the practical
application of plants to clean up or sequester (fix) contaminants in a growing medium (soil,
water, or sediment) through natural biological processes and/or plants, which is one of the
important means ensure in cleaning the environmental pollutants and usually plant species
with the ability to attract those pollutants and convert them into forms less harmful to the

environment or useful in its growth, and depends on the plant type and its ability on the
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absorption of pollutants [31], scientists have tended to use methods that can treat these

pollutants by less harmful means through bioremediation techniques, in particular plant
treatment to clean sites contaminated with plants, this treatment is often a better option than
traditional methods of soil cleaning, such as digging the soil or treating it with chemicals, as it
is less expensive and more aesthetically pleasing than those methods, but it is important to use
plants that are usually found naturally that can break down a specific contaminant from a
specific source, such as lead from a nearby plant, for example when using a plant to absorb
contaminated water, it will be necessary to choose a plant with a comprehensive root system,
including willow, Indian mustard, poplar and sunflower, and phytotherapy can be used to
clean pollutants such as metals, pesticides, solvents, explosives, multiple aromatic

hydrocarbons, and sediments from the environment [32].

Phytoremediation is a green strategy that uses highly accumulated plants to stabilize
pollutants in the soil, decompose them in water or transfer them to the environment [33], and
this technique is highly efficient, cheap and adaptable to the environment, and there are many

technologies used in phytoprocessing (Fig. 3): including the following:

e Phytostabilization

In phytostabilization, plants are used to reduce metal mobility and bioavailability in soils
by a process of stabilization [35]. It is vital to mention that this process does not lead to a
decreased concentration of metals in the contaminated places; it only renders metals
immobile and reduce metal movement off sites making it less harmful. This is because the
metals are restricted to the vadose zone of the plants there by means of this process, it is

inhibited to be mobile [36].

e Phytovolatilization

Plants take in and break down the pollutants of heavy metals in the soil and release them as
less harmful vapors through transpiration. During this process, heavy metals are taken up
into volatile organic compounds but released as the biomolecules [37]. The
phytoremediation process is only applicable to very few elements of the metals, which can

come in the gaseous state in the environment. Such as Hg [38].

e  Phytoextraction

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
P,

74



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Rana TariqYahyat, Sara Nazar Ghanemz, Hala Muzher Yaqubs. / Al-Kitab Journal for Pure Sciences (2026); 10(2):67-86.
EE,———

This takes the form of phytoremediation where plants are used to hyper-accumulate metal.

This is a solar-based technology that greatly relies on the ability of plant roots to absorb the
metals, translocate them to parts above the ground so that it can accumulate there. The effect
of the process is the reduction of metal concentration in soil and increasing the metal
contaminants concentration that are above the grounds of plants, although this technology will
ensure that the metals in the soils are eliminated, it is not suitable at high level of metal
contamination because plants cannot withhold metal contaminants in the soils over long
periods of time. Plants capable of accumulating high concentration of metal contamination
into their shoot tissues with little to no visible toxicity consequence are generally referred to

as hyperaccumulators [39].

Phytovolatilization . "
‘ L Contaminants, &

metabolites

Phytoextraction

Metabolite

Rhizodegradation

Phytostabilization

Pollutant

Phytostimulation

Rhizofiltration

Figure 3: Phytoprocessing Technologies [34]
Advantages of plant processing [40, 41]

e Maintain the natural balance of the ecosystem using organisms that already exist.

e The possibility of companies specialized in mining from the plant recovering and reusing

heavy metals.
e Ease of procedure and low cost.

e Prevents corrosion and leaching of metals by fixing metals, which reduces the risk of

contaminant spread.

Disadvantages of plant treatment [42, 43|

Determined by the land area and rooting depth the roots take up.
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e Heavy metals in large proportions are difficult to process.

e Processed vegetative growth requires a long time and the need to increase biomass.\
e The leakage of pollutants into groundwater cannot be prevented entirely without
removing contaminated groundwater, which is an essential aspect of the pollution

problem.

6. Factors Effecting on Phytoremediation

Plant types, root region, environmental conditions, root composition and elemental species,
as well as the soil physio-chemical and biological properties, all have an effect on HM
buildup and distribution in plants. The remediation process can also be improved by applying
agricultural practices (such as pH correction, the use of chelators, and fertilizers). Other
factors to consider include soil pH, organic matter, and phosphorus content. In addition, the

uptake of HMs by plants depends on various aspects, as described below [1].

7. Sunflower plants as a phytoremediation for Nano pollutants

The sunflower stands out as one of the most significant oilseed crops, serving as an
abundant source of biomass and vegetable oil for energy production and industrial
applications. The plant is a very adaptable species that is remarkable with regard to its
resistance to heavy metal levels that are not much higher than concentrated levels [44]. Its
resilience to extreme temperature ranges and adaptability to varied climatic and soil
conditions are key agronomic traits. Sunflowers are recognized for their tolerance to heavy
metals, attributed to their rapid growth, substantial biomass, high translocation capacity, and
ability to accumulate heavy metals, particularly in their fatty tissues. This characteristic makes
them effective for heavy metal remediation. Research has demonstrated their capability in
removing contaminants such as chromium, Copper, Cadmium, and Zinc [45]. Research has
shown that the removal of heavy metals by sunflower plants in contaminated soil varies based
on the germination duration (30-90 days) [46]. Studies have demonstrated the ability of
sunflower plants to treat some pollutants from chemical elements in the form of nanoparticles
This is based on the properties of nanoparticles such as their ease and speed of penetration
into the plasma membrane of plant cells, thus facilitating their recruitment and inclusion
within these cells. The direct stimulating effect of nanoparticle concentrations of Nano oxides
on the germination of seeds of a number of plants, including sunflower, is due to their

biomineralization and the ability of some plants to incorporate them as a growth-stimulating
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element as a basic electron carrier through the electron transport chain. This is supported by

the study conducted on sunflower plants on the positive effect of titanium oxide nanoparticles
TiO2 NPs on seedling growth [47]. In another study, it was found that foliar spraying with
Nano zinc oxide pesticide at a concentration of 200 parts per million resulted in the highest oil

yield per acre, indicating the ability of sunflower plants to incorporate nanoparticles [48].

The stimulating effect of nanoparticle concentrations of zinc oxide nanoparticles on seed
germination and growth of sunflower plants is due to their bio mineralization and their ability
to be incorporated as a growth-stimulating element [49]. The findings [50] suggest that
magnesium nanoparticles enhance sunflower growth under drought conditions by boosting the
antioxidant system, promoting the production of photosynthetic pigments, and increasing
primary metabolite levels. In another study, it was found that sunflower plants have the ability
to incorporate iron nanoparticles by increasing the level of phenols, anthocyanins, and
antioxidant enzyme activity, in addition to increasing macro- and micronutrients [S1]. The
toxicity of nanoparticles (NPs) is mitigated by: Antioxidants that are primarily made in
different organelles, including mitochondria, chloroplasts, peroxisomes, vacuoles, and the
endoplasmic reticulum (ER). Their role in alleviating oxidative stress enhances the tolerance
of plants to the toxicity induced by metal-based nanoparticles (MBNPs). This ultimately
fosters better plant growth, development, and yield by stimulating the accumulation of
phytonutrients and antioxidants within the plant system. Consequently, biological
macromolecule and micromolecule homeostasis is maintained, leading to improved crop

quality [52].

8. Phytoremediation using Sunflowers and their potential for bioenergy production

Sunflower-based phytoprocessing practices must account for environmental and human
health risks, especially concerning metal accumulation in the plants' edible parts, which can
compromise food safety. To mitigate these risks, effective biomass management strategies are
essential, redirecting contaminated materials toward non-food applications like bioenergy

production [53] (Fig. 4).
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Figure 4: Phytoremediation by sunflower and bioenergy production [54]

There is a strong case in the combination of phytoremediation to benefit from restoration
of the environment whilst producing clean energy named bioenergy. The potential of plants to
clean contaminated soil and water comes as demand in alternative energy mounts and plants
can be used to provide biomass to convert into bioenergy. The procedure results in renewable
energy, and this comes with a lot of benefits. In this regard, biofuels become an alternative
source of energy to the fossil fuel, which is efficient in the implementation of
phytoremediation. Nevertheless, it is important to analyze the quality of these biofuels and
decide on the suitability of different energy crops for biofuel production and the clean-up of
metal polluted sites, before the field-scale processes are implemented [55]. Among tested
crops, sunflower has shown excellent performance due to its beneficial characteristics for both
phytoremediation and bioenergy generation [56]. Significant efficacy in accumulating metal
pollutants in the aboveground parts of the plants was exhibited by sunflowers, whereby
bioconcentration and translocation factors ranged between 0.81 and 0.94. These efficiencies
were markedly enhanced by the application of Bacillus aryabhattai, which elevated the
bioconcentration and translocation factors to greater than 1 across all tested metals qualifying
the sunflower as a hyperaccumulator species. The post-remediation sunflower residues with
the built-up of metals possessed calorific values between 17.01 and 18.04 MJ/kg and were
thermochemically treated under pyrolysis. This produced about 22.3 percent metal-free bio-
oil, and 51.6 percent of biochar. The findings indicate possible sunflower plants as a great

agent in phytoremediation process besides being used as a renewable energy source [57].
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9. Challenges and future trends

To maximize the potential of sunflowers in phytoremediation of pollutants, several critical
challenges need to be tackled. Soil conditions, the variability of climate and so on are
environmental factors that influence the efficiency of remediation significantly. Genetic
engineering presents promising possibilities for improving metal tolerance and accumulation
in sunflower varieties, while also addressing adaptation to environmental variability.
Furthermore, investigating the use of soil amendments like biochar, compost, and beneficial
microorganisms can boost plant growth and enhance metal uptake, ultimately increasing their

capacity to mitigate pollutants [34].

10. Conclusions

Phytoremediation represents an innovative and eco-friendly strategy for addressing
environmental Contaminants. By utilizing the natural abilities of plants, such as highly
effective pollutant-accumulators like sunflowers, this method can restore polluted sites while
aiding overall improvements in environmental conditions. Its versatility in managing a wide
array of pollutants, including nanopollutants, underscores its ability to adapt to diverse
environmental challenges. Aligning with ecological principles, phytoremediation minimizes
reliance on chemical treatments, thereby lowering the chances of unforeseen negative
impacts. Additionally, this approach fosters biodiversity and fortifies ecosystem resilience,
delivering significant environmental benefits. Advancing research into the processes and
factors that impact plant's effectiveness, especially in dealing with Nano pollutants, could

pave the way for developing more precise and efficient phytoremediation techniques.
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Abstract:

Tacrolimus is a commonly used as an immunosuppressant, while wheat germ oil is a recently
discovered compound that is a potent antioxidant. The current study investigated the role of
Triticum Aestivum Germ Oil in influencing the intrinsic pathway of apoptosis through its effect
on the protein Bax. Forty male white mice, Mus musculus were used, divided into four sets,
each containing 10 individuals: negative control (distilled water) set, positive control set (wheat
germ oil, 1130 mg/kg), tacrolimus (0.4 mg/kg) set, and a set treated with tacrolimus and wheat
germ oil together. The animals were treated for two periods, 14 and 28 days. The findings
demonstrated that tacrolimus increases the activity of the Baxdelta2G9 (Bax protein) in
hepatocytes; however, after 14 days of treatment with two certain chemicals, the group's
immunohistochemistry activity of Bax declined. Over 28 days, the response and improvement
grew. Additionally, the group that received tacrolimus revealed an increase in Bax transcription,
whereas the group that received wheat germ oil showed a decrease in Bax gene expression.
Additionally, the improvement was noted as the experiment's duration grew. We conclude from
this that tacrolimus stimulates the activity of the intrinsic pathway of programmed cell death,
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but the use of an antioxidant, such as wheat germ oil, improves and reduces the activity of this

pathway in the liver.

Keywords: Tacrolimus, Wheat germ oil, Bax/Bcl-2 ratio, qPCR gene expression,

Hepatotoxicity
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Introduction:

Tacrolimus as an immunosuppressive agent is utilized for transplanted organs. It is a member
of the calcineurin antagonist class, which blocks calcium-dependent processes. Since 1998, it
has been applied to liver transplants [1]. Many studies are still investigating the adverse

reactions of immune-suppressive agents, even though their use lowers the chance of organ
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rejection. The immunophilin FK506-binding protein attaches to tacrolimus, forming an intricate

structure in the process. T cells get blocked and their ability to damage cells decreases as an
outcome of this complex's inhibition of calcium-dependent processes. Therefore, antigen
presentation is prevented [2]. Numerous adverse effects, such as hepatotoxicity, compromised
defenses, diabetes, kidney disease, and heightened vulnerability to severe acute respiratory
syndrome coronavirus 2 and other immune-mediated illnesses as a result of
immunosuppression, have been documented in organ transplant recipients [3]. When this
medication is given to CD-1 mice, oxidative stress or cellular tissue degeneration is linked to
elevated blood levels of urea nitrogen, renal creatinine, and free radical production [4]. The
therapeutic index of the drug under study is narrow, and its administration, as mentioned, can
cause a large number of side effects, extending to the appearance of toxic symptoms in the
hepatocytes, cardiac muscle tissue, renal tissue, and cerebrum. However, the degree of damage
depends on the dose and duration of administration. Unfortunately, the mechanism behind
considering tacrolimus as a mediator of toxicity is still unclear and poorly understood, despite
the drug's broad research and the many theories proposed to explain its mechanism of action,
such as its metabolite-related toxicity through accelerated cell death and augmented
inflammatory conditions [5-7]. Studies have shown that tacrolimus causes pulmonary toxicity,
which is associated with morphological alterations and tissue changes such as cellular necrosis
[8,9]. Because of its relationship to the digestive system, the liver is a significant organ that is
susceptible to the harmful effects of medications, foreign substances, and other chemicals [ 10].
Cells can alter both biochemical and non-enzymatic responses to lessen the negative effects of
foreign chemicals, and they can also digest nutrients high in phytochemicals via pathways akin

to those of medications and insecticides [11].

Wheat germ oil enhances antioxidant protection by increasing lipid metabolism in the blood
and liver. Rich in vitamin E, healthy fats, and antioxidants, this oil exhibits anti-oxidative
activity and reduces DNA damage by neutralizing or balancing the increase in reactive oxygen
species (ROS). Additionally, the oil from wheat germ inhibits the synthesis of fatty acids which
promote the oxidation of lipids and aids the reactive oxygen species system through tocopherol
[12]. Several energy-dependent chemical processes make up the intricate and sophisticated
systems that regulate controlled cell death. The inherent, or mitochondrial, mechanism and the
external, or killing receptor, pathway are the two primary routes for programmed cell death.
Numerous pieces of data suggest that the two routes are interconnected and that molecules in

one pathway can influence molecules in the other [ 13 ]. Numerous non-receptor stimuli are part
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of the endogenous signaling processes that trigger cell suicide. These signals are produced

intracellularly and have an immediate impact on targets inside the cell. These are the kinds of
things that mitochondria trigger. Both positive and negative intracellular signals are produced
by the stimuli that start the intrinsic route. The lack of specific growth regulators, hormones,
and cytokines are examples of adverse signals that may end up in the initiation of suicide and
the inability of death programs to suppress it. The process of apoptosis induced by
mitochondrial dysfunction can be controlled and regulated with the help of the Bax-Bcl2 protein
family [14]. Cellular tumor antigen p53 increases gene expression of the BAX protein. The
protein in concern provides a role in death triggered by p53. Bcl2 is an apoptosis-inducing gene
that is a member of the B-cell lymphoma 2 protein group. It is the first regulator of apoptosis
found in living creatures. Bcl2-L-4 is found in the outer membrane of mitochondria, where it
inhibits the activity of death proteins and promotes cell survival. Reactive oxygen species
(ROS) and ferrocytochrome c, two crucial cell death signals, are released when these proteins,
which include BAX and BCL2 antagonist/killer (BAK), engage on the mitochondrial outer
surface to cause permeabilization. Bcl2-L-4 and its subordinate protein Bcl-XI are activated by

Bcl2, which is activated by BH3-only proteins [ 15].

The current study aims to identify the effect of treating the livers of male white mice with
tacrolimus at a concentration of 0.4 mg/kg for two periods, 14 and 28 days, on the BAX gene
that is responsible for regulating the intrinsic pathway of programmed death. Furthermore, it
aims to identify the role of Triticum aestivum germ oil in reducing the damage caused by
tacrolimus, using immunohistochemistry and molecular techniques.

2. Material and methods:

Animals used in the research

The mice used in the current study were brought from Tikrit University / Tikrit / Iraq. Their
number was 40 white male mice, Mus Musculus of suitable age. In the animal house of the
College of Veterinary Medicine at the University of Mosul in Iraq, the creatures were housed
in specialized nylon containers. They were fed the standard and prepared diet according to what
was mentioned in [16]. The environmental conditions were suitable for the living conditions of
laboratory animals and according to what was mentioned in [16]. The standard laboratory chow
consisted of approximately 20% protein, 5% fat, and 55% carbohydrate, with an energy content
of ~3.6 kcal/g. The work was carried out under the supervision of the Scientific Research Ethics

Committee of the University of Mosul, and all relevant recommendations were implemented.
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Preparation of tacrolimus and wheat germ oil for dosing:

The median lethal dose (LD50) was the primary criterion for selecting the tacrolimus (Pancea
Biotech, India) (LD50, 138 mg/kg) concentration under study, which is 2 mg /kg of body
weight. As for wheat germ oil (NOW company, USA), a 1130 mg/kg of germ wheat oil was
used and prepared according to the weight of the experimental animals based on preliminary
studies. The appropriate doses of both medications were given to the animals orally. The
volume of dose given was (1.3-1.5 ml) depending on the animal's weight. The animals in the

present research were split up into four distinct categories as indicated in tables (1 and 2) below:

Table 1: The experimental design for the first experiment is shown.

Groups Tacrolimus and Wheat Germ | Experiment | Administration Number of
QOil Dose (mg/kg) Duration Route Animals
(days)
Negative Control Distilled Water Vé Orally 10
Positive Control Wheat Germ Oil (1130 mg/kg) | )¢ Orally 10
Experimental (1) Tacrolimus (0.4 mg/kg) Vé Orally 10
Experimental (2) Tacrolimus (0.4 mg/kg) + | V¢ Orally 10
Wheat Germ Oil (1130 mg/kg)

Table 2: The experimental design for the first experiment is shown

Groups Tacrolimus and Wheat Germ Qil | Experiment Administration | Number of
Dose (mg/kg) Duration Route Animals
(days)
Negative Control | Distilled Water 28 Orally 10
Positive Control Wheat Germ Oil (1130 mg/kg) 28 Orally 10
Experimental (1) | Tacrolimus (0.4 mg/kg) 28 Orally 10
Experimental (2) | Tacrolimus (0.4 mg/kg) + Wheat | 28 Orally 10
Germ Oil (1130 mg/kg)

Detection of immunohistochemical reactivity to Bax and Bcl-2 proteins in liver tissue

BAX protein activity was detected in liver tissue and all treated groups in the current study
using the BAX Monoclonal Antibody kit (Catalog Number: E-AB-22212) manufactured by
Elabscience Bionovation Inc. The steps mentioned in the ready-made diagnostic kit were

followed with high accuracy for the purpose of detecting the aforementioned protein in the liver
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of male white mice and for all treated groups, and laboratory conditions were taken into account

in terms of temperature, humidity, and sterilization.

Numerical Microscopic Evaluation

This Numerical Microscopic Evaluation process refers to determining a degree of importance,
either low or high, or creating a numerical scale for the severity of cell reaction and the potential
for tumour growth and spread. The process is often used to measure the effect of external toxins
or physical factors on living tissues, as well as in cancer cases, based on what was approved by
the National Cancer Institute (NCI). Table (3) below was used in the study of histological

phenotypic variables [17, 18] in the liver tissue of male albino mice in the current study.

Table (3): Digital Microscopic Evaluation Adopted in the Current Study

Studied 0+ 1+ 2+ 3+ 4+
Protein
Bax Negative (-) | Weak (+) | Positive (t) | Strong  Positive | Very  Strong
(Tsamandas et | 0 cell/ | 1-5 cells/ | 6-15 cells/ | (++): Positive (+++):
al., 2022) microscopic | microscopic microscopic 16-30 cells/ | More than 30
field field field microscopic field | cells/
microscopic
field
Bcel2 Negative (-) | Weak (£) | Positive (+) | Strong  Positive | Very  Strong
(Qian et al, |0 cell/ | 1-7 cells/ | 8-20 cells/ | (+1+): Positive (+++):
2022) microscopic | microscopic microscopic 21-50 cells/ | More than 50
field field field microscopic field | cells/
microscopic
field

Estimation of gene expression of genes encoding BAX and Bcl2 proteins in the liver of

male albino mice for periods of 14 and 28 days

Quantitative real-time PCR (qPCR) was performed using a Step-One-Plus™ Real-Time PCR
System (Applied Biosystems, USA) with the TransStar® Top Green qPCR Super-Mix Kit.
The amplification reactions were carried out in a 20 pL. volume containing 10 puL of 2x Super-
Mix, 1 puL of each forward and reverse primer, variable cDNA template, and nuclease-free
water. Each sample was analyzed in triplicate to ensure reproducibility. The thermal cycling

conditions included an initial denaturation at 94°C for 30 seconds, followed by 45 cycles of
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denaturation at 94°C for 5 seconds, annealing at 60°C for 30 seconds, and extension. Melting

curve analysis was performed to confirm amplification specificity. Relative gene expression
levels of Bax and Bel-2 were calculated using the 2*—~AACt method, with B-actin serving as

the internal housekeeping gene (Table 4).

Table 4: Primers used in the amplification of Bax and bcl2 genes by qPCR

Primer name | Primer sequence 5’ — 3’ Reference

Bax-F GGGACGAACTGGACAGTAACAT | Kandeil, M. A., Hassanin, K. M., Mohammed, E. T.,

Bax-R GGAGTCTCACCCAACCACCCT Safwat, G. M., & Mohamed, D. S. (2018). Wheat
germ and vitamin E decrease BAX/BCL-2 ratio in rat

Bact-F ATGAGCCCCAGCCTTCTCCAT . . L .
kidney treated with gentamicin. Beni-Suef

Bact-R CCAGCCGAGCCACATCGCTC University journal of basic and applied sciences,

7(3), 257-262

The components of the amplification mixture for each gene are described in Table (5) , and the

qPCR conditions used to amplify the target genes are listed in

Table (5): Reaction components of qPCR

Components Volume (pl)
Cdna Variable
Forward primer 1

Reverse primer 1

2x TransStar® Top Green qPCR SuperMix 10
RNase-free Water Up to 20

Table (6): Bax and bcl2 gene transcription is estimated using qPCR settings. Using the

2—AACT technique, the relative expression levels of bax and bcl2 were determined.

High Temperature

Step No. of repetitions oC Period of work
initial strand separation". 0:30 sec
unwinding of DNA 0:5 sec
primer hybridization and DNA

0:Y+ sec

synthesis

1 94

94

.
¢o
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Statistical Data Analysis

The statistical procedure to assess significant differences between the mean values of digital
microscopic assessment across the experimental groups, immunohistochemistry analyses were
conducted using SPSS software version 22.0. P < 0.01 was taken into consideration as the
significance level. A post hoc analysis was performed after a single-factor ANOVA was used
to assess the data. To find statistically significant differences between groups at the designated
probability level, Duncan's Multiple Range Test was utilized. Regarding qPcr, GraphPad Prism

version 10/USA was used for all statistical analysis.
3. Results:

Light microscopic examination of sections of the two groups of livers treated with distilled
water (negative control group) and wheat germ oil (positive control group) for 14 days showed
a negative reaction (-) in most of the tissue components of the liver (Figures 1, 2). Microscopic
examination of liver sections of male albino mice treated with 0.4 mg/kg body weight of
tacrolimus showed strong positive (+++) reaction to the antibodies of BAX protein in the
cytoplasm of hepatocytes, which appeared as a dark golden color in the cytoplasm of the cells
above, (Figure 3 ).The results also showed a more intense positive reaction (++) from the
cytoplasm of hepatocytes from the livers treated the same concentration of tacrolimus (0.4)

mg/kg and wheat germ oil towards antibodies to the BAX protein (Figure 4) .
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Figure 1: Liver of mice from the 14th day of the Figure 2: Liver of mice from the 14th day of the
experiment, Distiled water (negative contol group) experiment, oil group (positive control group).
group. Negative reaction is shown in the liver Negative reaction is shown in the liver tissue. BAX
tissue. BAX immunohistochemistry. immunohistochemistry. Magnification 400x.
Magnification 400x.

Figure 3: Transverse histological section of the
liver of a male albino mouse from the second

Figure 4: Transverse histological section of the liver
of a male albino mouse from the second treatment
group with wheat germ oil for 14 days. The positive
(+) reaction (black arrow) appears as a dark golden
color in the cytoplasm. BAX
immunohistochemistry. Magnification x400.

treatment group over 14 days. It shows a very
strong positive reaction (+++) (black arrow) that
appeared as a dark gold stain in the cytoplasm.
BAX immunohistochemistry. Magnification
%400
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It was noted through histological reading using a light microscope of liver sections of mice
from the negative and positive control groups for 28 days that there was no histological immune
response (negative response - ) of the components of the liver tissue towards antibodies of the
BAX protein (Figures 5, 6).While the liver sections treated with tacrolimus at a concentration
of (0.4) mg/kg of body weight showed a very strong positive reaction (+++) in the cytoplasm
of the liver cells, which confirms the effect of the drug in increasing the gene expression of this
protein through the excessive production of the protein, which was stained with a dark golden
brown color in the cytoplasm of the liver cells (Figures V).The results also showed a more
intense positive reaction (++) from the cytoplasm of hepatocytes from the livers treated with
a concentration of tacrolimus (0.4) for 28 days mg/kg and wheat germ oil towards antibodies

to the BAX protein (Figure 8).
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Figure 6: Liver of mice from the second set of
the study, oil group. Demonstrating a negative
reaction in liver tissue. BAX
immunohistochemistry. Magnification 400%.

Figure 5: Liver of mice from the second period of
the study, negative control set. Demonstrating a
negative reaction in liver tissue. BAX

Figure 7: Transverse histological section of the
liver of a male albino mouse from the second
treatment group over 28 days. It shows a diffuse,
strongly positive (+++) reaction (black arrow) that
appears as a dark gold stain in the cytoplasm.
BAX immunohistochemistry. Magnification x400.

Figure 8: Transverse histological section of the
liver of a male albino mouse from the second
treatment group with whaeat germ oil for 28
days. The positive (+) reaction (black arrow)

appears as a dark golden color in the cytoplasm

BAXimmunohistochemistry. Magnification x400.

The number of reactive hepatocyte cells in the group treated with a concentration of (0.4) mg/kg
of tacrolimus for the periods of 14 and 28 days of dosing was considerably greater at the
probability level of 0.01>P, according to the results of the digital microscopic evaluation, as

indicated in Table (6).
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Table (6): Digital Microscopic Evaluation of the Effect of Wheat Germ Oil on the Number
of Hepatic Cells Reacting with BAX Protein Antibodies

Group Treatment (mg/kg) 14 Days 28 Days
Control Distilled water 0.10£0.02E 0.11+0.01 E
Wheat Germ Oil 1130 0.11+0.01 E 0.11+£0.04 E
Tacrolimus 0.4 351+£0.11 A 390+£036 A
Tacrolimus + Wheat | 0.4 + 1130 247+024B 2.93+0.27B
Germ Oil

Different vertical letters mean significant differences at a probability level of P<0.01

Immunohistochemical staining for Bcl-2 protein revealed a weak or negative reaction in liver
sections of mice treated with tacrolimus alone, indicating suppression of the anti-apoptotic
pathway. In contrast, the wheat germ oil group showed stronger Bcl-2 reactivity, and the
combined tacrolimus + wheat germ oil group exhibited moderate expression, suggesting a

partial protective effect of the oil in restoring Bcl-2 activity.
Transcription and Translation of the Apoptosis Regulator Bax in the Liver Cells

The findings demonstrated that the livers of male albino rats had higher levels of the BAX gene,
which in turn led to higher levels of BAX protein transcription in the group of animals that
received wheat germ oil treatment (positive control). In comparison with the untreated and
wheat germ oil-treated groups, the tacrolimus-treated group exhibited a greater gene production
rate for this protein at the selected dose. Over the period of 14 days, the transcription and
translation of the indicated gene were lower in the group treated with the researched drug alone,
greater in the group treated with wheat germ oil and the selected medication than in the negative
control group. In contrast to the negative control group, findings for the same treatments
described above, but for 28 days, revealed a slight decrease in the liver's expression of the
mentioned gene. Comparing the group treated with tacrolimus at the examined dose to the
negative control group, findings similarly revealed a major rise in the translation and
transcription rate of the studied gene (Figure 9). The rate of activity was comparable to that of

the unaltered group (Figure 10).
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After 14 days
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Figure 9: The gene expression of the Bax gene using q PCR technique is shown for all studied
treatments. Control means the distilled water group, Bax O : wheat germ oil group, Bax T:

tacrolimus group (0.4mg/kg), and Bax TO: Tacrolimus wheat germ oil group.Period of

treatment: 14 days .

After 28 days

4_
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Figure 10: The gene expression of the Bax gene using q PCR technique is shown for all studied
treatments. Control means the distilled water group, Bax O: wheat germ oil group, Bax T:

tacrolimus group (0.4mg/kg), and Bax TO: Tacrolimus wheat germ oil group.Period of

treatment: 28 days.

To better evaluate the balance between pro-apoptotic and anti-apoptotic signaling, the Bax/Bel-
2 ratio was calculated from qPCR data. Tacrolimus treatment significantly increased the
Bax/Bcl-2 ratio compared with the control (P < 0.01), reflecting a shift towards apoptosis.

Conversely, wheat germ oil markedly reduced this ratio, and in the tacrolimus + wheat germ
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oil group, the ratio approached values closer to the control, indicating a protective modulation

of apoptotic signaling by the antioxidant oil.

4. Discussion

Previous results showed that there is a positive response of the cytoplasm of hepatocytes to
antibodies to the BAX protein in livers treated with tacrolimus (0.4 mg/kg) at the selected
concentration and periods. The aforementioned results were consistent with what was stated by
[19], who reported that livers treated with moderate concentrations of tacrolimus cause an
increase in the production of the aforementioned protein. Current scientific findings are similar
to what was mentioned by [20], that immunosuppressants, including the drug under study, when
used for therapeutic purposes in living cells, including human liver cells, stimulate cell death
and thus incite the occurrence of cell inflammation. Tacrolimus has side effects, including
neurotoxicity, liver toxicity, and kidney toxicity, in addition to its induction of programmed cell

death. The researchers identified this by using the TUNL test to detect this phenomenon.

These results are in line with recent research since the medication binds to molecules of protein
phosphatase 2B (PP2B), which is involved in PIP catabolism, phosphotransferase activity, and
cell protein synthesis [21]. This drug causes or can cause the production of types of free radicals,
including OH radicals, O-", and dihydrogen dioxide, and induces or stimulates programmed cell
death, which in turn is due to the impairment of the functions of both mitochondrial and T cell
functions [22]. The current results in terms of the drug’s induction of programmed death are
similar to what was mentioned by [23], and somewhat inconsistent with [24], who reported that
immunosuppressants, when used in in vitro studies of human cells, inhibit the construction of
hydrolyzed collagen without affecting the gene expression of collagen mRNAs, at a rate of 2
mg/kg. The present findings support [25], who demonstrated how the selected medication raises
the production of the Caspase 3 protein in white rats. The data presented above showed that
wheat germ oil had a beneficial effect on boosting Bax activity, the main suicide initiator. As
the length of treatment against tacrolimus-induced damage grew, so did the severity of the
response. The current results do not agree with [26], who showed that combining wheat germ
oil with fluoxetine caused a negative cytoplasmic response to BAX protein in rat testicular
tissue. This might be because of the oil's high vitamin E concentration, which strengthens its
defenses against fluoxetine-induced apoptosis. Because wheat germ oil has anti-apoptotic

characteristics, it plays a crucial part in the current investigation [27].
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The scientific outcomes of the current study are similar to [28]. By regulating redox imbalance,
apoptosis, swelling, and detrimental apoptotic pathways, the oil protected against kidney and
liver failure at the physiological and cellular levels. Elainic, omega-6, and omega-3 fatty acids
in wheat germ oil contribute to its beneficial impacts by promoting tocopherol-mediated
antioxidant mechanisms and inhibiting eicosanoid synthesis, thereby reducing lipid
peroxidation, inflammation, and apoptosis [29]. By decreasing the translation and transcription
of genes that trigger cell death in rats exposed to toxins, one study demonstrated the anti-pro-

apoptotic action of wheat germ oil [30].

The recent findings showed an increase in Bax transcription in livers treated with tacrolimus
and a decrease in its activity in the tacrolimus + wheat germ oil group. This is consistent with
[31], who showed that tacrolimus injections increased BAX expression in the hippocampus,
and inflammation further enhanced this activity. Excessive ROS accumulation was highlighted
by [32] as a key inducer of apoptosis via DNA damage, while [33] indicated that oxidative

stress impairs cellular homeostasis.

The results of the current study, showing suppressed Bax expression with wheat germ oil, align
with [34], who found that Nargencin A inhibited apoptosis proteins induced by tacrolimus. This
is also consistent with [35], who reported that antioxidant phenolics such as those in green tea
reduce tacrolimus toxicity. Similarly, [36] showed wheat germ oil has strong anti-apoptotic
effects by regulating BAX and BCL2 gene expression in kidney cells. Finally, other authors
emphasized wheat germ oil’s richness in tocopherol and polyunsaturated fatty acids, reinforcing

its protective roles [37,38].

5. Conclusions

Based on the latest study's achievements, we draw the conclusion that excessive levels of
immunosuppressants harm hepatic cells' microcellular pathways and promote programmed
death by raising the activity of the protein that triggers programmed death via the intrinsic
pathway Bax. However, the recent study demonstrated that certain plant items with antioxidant

activity, such as wheat germ oil, can reverse the detrimental effect of this medicine.
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Abstract:

The purpose of this study is to assess the water quality at a few Diyala Governorate water
treatment facilities, taking into account factors like pH, electrical conductivity, heavy metals,
and some dangerous bacteria. It also assessed the effectiveness of a few water treatment
facilities, where samples were subjected to chemical and biological analyses both before omit
and following water treatment. Five water treatment facilities located in Abu Saida, Dhubab,
Awasheq, Zherat, and Jabinat are included in this study. In December 2022, water samples
were collected from the Iraqi Diyala Governorate. Certain heavy metal concentrations were
found to be higher than the limits set by the World Health Organization (WHO). All water
treatment facilities had lead and cadmium concentrations above the allowable level of 0.01
and 0.003 parts per million, respectively. At each site under study, the pH and electrical
conductivity levels fell within the WHO-established acceptable ranges. Nine different types
of bacteria were isolated using the centrifugation method to assess the bacterial component of
this study. Streptococcus faecalis was found in all water stations. Whereas Salmonella Typhi

was found at Zherat and Jabinat stations and Escherichia coli was found at Abu Saida station.
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In addition to raising public awareness about adhering to WHO water regulations to ensure

public health, this study suggested that periodic monitoring and examination of water

treatment plants in Diyala Governorate be carried out.

Keywords: Environmental Pollutants, Heavy metals, Water Quality.
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1. Introduction:

Safe drinking water supply is still a major problem, especially in developing countries. Water-
related problems have gotten worse due to rapid population increase and rising daily water
use. At the same time, ongoing industrial development has greatly increased water

contamination, making it hazardous to human health [1]. Water is one of the most important
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chemicals for life. Its ability to dissolve organic chemicals, salts, inorganic substances, and

gasses involved in metabolic processes is a result of its universal solvent feature. As a result,
water is essential for sustaining membrane integrity, sustaining macromolecules, ensuring
homeostasis, permitting material transit, and controlling body temperature [2]. Certain metals
are necessary micronutrients needed for a variety of biological processes, including copper
(Cu), iron (Fe), manganese (Mn), nickel (Ni), and zinc (Zn). Other metals, such as cobalt
(Co), lead (Pb), and cadmium (Cd), may be hazardous and have no recognized physiological
function [3]. Moreover, both natural processes like the weathering of rocks and soils and
human activity can introduce these metals into water supplies [4]. Through bioaccumulation
and bioconcentration throughout the aquatic food chain, heavy metal pollution of water puts
aquatic creatures at risk, putting consumers at risk [5]. The discharge of hazardous metals,
which pose enormous threats to ecosystems and human health, is largely caused by industrial
and agricultural operations. Metals, especially those from human activity, are regarded as
main contaminants in many aquatic habitats [6]. Additionally, drinking water pollution by
microorganisms is a serious problem. To guarantee adherence to the drinking water standards
established by global organizations like the World Health Organization [WHO], water
samples are therefore examined in specialist laboratories.

Finding harmful bacteria in drinking water is a top priority for the Environmental Protection
Agency (EPA) and other regulatory agencies. The membrane filtering method is one of the
most promising and successful methods for identifying different types of bacteria [7]. Human
and animal waste, as well as effluent from poorly planned, mislocated, misinstalled, or poorly
maintained septic systems and residential lagoons, can all contribute to bacterial pollution in
drinking water sources. Bacterial contamination is particularly common in older water supply
systems, notably cisterns, spring-fed systems, and dug wells. Crucially, neither taste nor odor
nor visual inspection can identify the presence of bacteria in water. Testing in a lab by
qualified experts is the only trustworthy way to find out if drinking water is bacterially
polluted. Although bacteria are present in all natural water, their presence alone does not
always indicate a health risk. Water becomes unfit for human consumption when pathogenic,
or disease-causing, microorganisms are present. Routine microbial testing typically includes
screening for total coliform bacteria, fecal coliforms, Escherichia coli (E. coli), and
heterotrophic bacteria [8].

Long used as markers of the microbiological quality of drinking water, coliform bacteria are
members of the Enterobacteriaceae family and include genera like Enterobacter, Klebsiella,

Citrobacter, and Escherichia coli. These bacteria are normally prevalent in fecal waste and
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are naturally present in the intestinal flora of humans and other warm-blooded animals. Even

though the majority of coliform strains are not thought to be harmful, their presence in water
can nevertheless indicate possible contamination. Furthermore, many coliform species can
survive and reproduce in the environment, which occasionally results in their detection in
water sources that aren't directly contaminated by feces. The existence of waterborne
pathogens or fecal contamination is not always confirmed by the presence of coliform bacteria
in the water [9]. The problems associated with drinking ...drinking water quality and quantity
in Iraq have worsened significantly in ...in the last few years. The ongoing water crisis has
been caused by a number of factors, including pollution, population growth, climate change,
poor water management, and deteriorating infrastructure [10]. Access to adequate and safe
drinking water is still a major issue in many places, including Diyala Governorate, especially
in rural and underserved areas [11]. Despite the urgency of the issue, comprehensive studies
and reliable data about the microbiological composition and environmental circumstances of
Diyala's water treatment facilities are noticeably absent. [12]. The majority of reports that are
currently available either concentrate on overall water availability or offer scant
microbiological evaluations without taking seasonal fluctuations or chemical profiles into
account [13].

Problems with the quantity and quality of drinking water in Iraq have gotten worse. This
study was conducted to investigate some of the chemical characteristics and bacterial
contamination of water supply stations in Diyala governorate due to the lack of sufficient
studies and information about the local water stations' microbial diversity and environmental

characteristics.
2. Material and methods:

Despite the seriousness of the case, comprehensive studies and reliable information about the
microbiological composition and environmental circumstances of Diyala's water treatment facilities

are noticeably absent.

Symbols of Stations: 1,2 - ABU SAIDA 3,4 - DHUBAB 5,6 - AWASHEQ 7,8 — ZHERAT 9,10 —
JABINAT.

The samples

In December 2022, samples were collected from five unique drinking water stations
located in the Diayla governorate of Iraq (Abu saida, Dhubab, Awasheq, Zherat and Gebinat).

Water samples have been collected using glass bottles that have been sterilized. A sample of
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1000 milliliters of water was gathered and brought to the Department of Chemistry's

laboratory at Diayla University of Science in Iraq.

Chemical analysis

Chemical analysis of water samples is done by dividing each sample into three portions
and performing three chemical tests (PH, heavy metals and electrical conductivity). After
calibrating the meter equipment (PH WTW, 7110) with standard solutions, every water
sample was subjected to chemical testing utilizing a PH meter equipment and a flame atomic
absorption spectrometry device, and electrical conductivity apparatus, as well as
microbiologically by the use of Centrifugation method. The findings of the measurement of
the acidic function at laboratory temperature are displayed in (Tablel). To ascertain ion
concentration ratio in these water samples, an electrical conductivity instrument (Pw-9526-
Digital Conductivity meter) was utilized, and following Using standard solutions for
calibration Laboratory-temperature measurements of electrical conductivity are displayed in
(Tablel). A standard was utilized to calibrate the flame atomic absorption spectrometry

apparatus (AA-UN.BG.IBN-H. C.S.L.), Table 3 displays the solutions and outcomes [14].

Microbiological evaluation

The samples are randomly collected from tanks before settling and placed in special test
tubes. Avoid leaving them at high temperatures or under sunlight, and ensure that the sample
does not come into contact with the surrounding environmental conditions. Subsequently,
work is done in the laboratory to tabulate and label the samples to differentiate between them.
The samples are then sedimented by placing them in a centrifuge to obtain all solid contents,
germs and microbes if present. Then we filter the samples using special filter paper to collect
the sample sediment. After that, we divide the sample into two parts. The first part is placed
on a previously prepared blood agar culture medium, and the second part is placed on another
differential culture medium prepared in advance such as macconkey agar, while maintaining
the cleanliness of the work site and tools used. The work is done inside a hood. These cultures
media are placed in an incubator at a temperature of 37°C for 24-48 hours to ensure the
growth of any biological cells inside the culture medium. After that, the result is read using
special determinants and detectors to determine the type of parasite, fungus or bacteria that
grew on this medium, if any. The results are recorded every 12 hours to determine the

biological activity inside the dish.
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3. Results and discussion
PH and Electrical Conductivity Measurement

The values of the acidic function were (7.3 and 7.1) at Abu Saida station before and after
treatment respectively, (7.15 and 6.5) at Dhubab station, (6.87 and 6.7) at Awasheq station,
(6.83 and 6.75) at Zherat station and (7.1 and 7) at Jabinat station. All of these samples fell
within the acceptable pH range set by the US Environmental Protection Agency (USEPA)|[15]
(6.5-8.5) (Tablel) .The ratio of ions in these water samples was ascertained using electrical
conductivity; the electrical conductivity results were (638 and 643 us/Cm) at Abu Saida
station before and after treatment respectively, (654 and 656 pus/Cm) at Dhubab station, (618
and 620 pus/Cm ) at Awasheq station, (606 and 636 ps/Cm) at Zherat station and (556 and 555
us/Cm) at Jabinat station. According to the WHO manual, these values fell between medium
and good, as shown in (Table 2).

Table 1: water samples' useful PH and conductivity.

Sample | Water Station PH meter Condactivity

No. uS/Cm
1 Abu Saida (B) 7.3 638
2 Abu Saida (A) 7.1 643
3 Dhubab (B) 7.15 654
4 Dhubab (A) 6.5 602
5 Awasheq (B) 6.87 618
6 Awasheq (A) 6.7 620
7 Zherat (B) 6.83 606
8 Zherat (A) 6.75 636
°) Jabinat (B) 7.1 556
10 Jabinat (A) 7 555

Table 2: The WHO handbook describes the electrical conductivity of water.

No. Conductivity Water quality
HS/Cm
1 50-400 Excellent
2 400-750 Good
3 750-1500 Medium
4 > 1500 Water with high metal

Heavy Metals Measurement

e —
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

e —
109



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Zainab Esmail Sadeq?, Hiba Shihab Ahmed?, Hawraa Hussein Khudhayers. / Al-Kitab Journal for Pure Sciences (2026); 10(2):104-115.
e —

When consumed in excess, a number of heavy metals have detrimental effects on human

health, making them hazardous. Human health is at risk from heavy metals because these are
tenacious by nature and likely to accumulate in biological systems [16]. An apparatus that
uses flame atomic absorption spectrometry was used to examine water samples in order to
find the amounts of heavy components in these samples, and the outcomes for each
component were as follows in (Table 3): lead was (0.017 and 0.016) at Abu Saida station
before and after treatment, (0.028 and 0.026) at Dhubab station, (0.017 and 0.016) at
Awasheq station, (0.014 and 0.013) at Zherat station and (0.013 and 0.012) at Jabinat station.
Children are especially vulnerable to lead exposure because of their permeable blood-brain
barrier and rapid gastric absorption, that causes neurotoxic consequences Peripheral
neuropathy, an indirect cardiac effect, renal tubular injury, and reproductive issues are all
present even at modest exposure levels [17]. Cadmium was (0.013 and 0.012) at Abu Saida
station before and after treatment, (0.016 and 0.015) at Dhubab station, (0.009 and 0.008) at
Awasheq station, (0.008 and 0.007) at Zherat station and (0.006 and 0.005) at Jabinat station.
Apart from water, the two main sources of Cd are diet and cigarette smoking. Cd builds up in
the kidney and Long-term liver exposure to cadmium combined with deficits in calcium, iron,
zinc, protein, fat, and vitamin D [18]. Mercury was (0.0002 and 0.0001) at Abu saida station
before and after treatment, (0.0005 and 0.0004) at Dhubab station, (0.0002 and 0.0002) at
Awasheq station, (0.0002 and 0.0001) at Zherat station and (0.0001 and 0.0001) at Jabinat
station. Through oxidative stress and enzyme interference, mercury damages the neurological,
renal, immunological, cardiovascular, and reproductive systems, even at low exposure levels.
It is regarded as one of the most dangerous substances in the world, and its consequences can
range from liver and kidney damage to developmental brain impairment [19]. Elevated
concentration of cadmium and lead have been detected in some drinking water stations,

exceeding the permissible limits established by the World Health Organization (WHO) [20].

Table 3: The mean amount of heavy metals present in water

Sample no. Station Pb (ppm) Cd(ppm) Hg(ppm)
1 Abu saida (B) 0.017 0.013 0.0002
2 Abu saida (A) 0.016 0.012 0.0001
3 Dhubab (B) 0.028 0.016 0.0005
4 Dhubab (A) 0.026 0.015 0.0004
5 Awasheq (B) 0.017 0.009 0.0002
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6 Awasheq (A) 0.016 0.008 0.0002
7 Zherat (B) 0.015 0.008 0.0002
8 Zherat (A) 0.014 0.007 0.0001
9 Jabinat (B) 0.013 0.006 0.0001
10 Jabinat (A) 0.012 0.005 0.0001

Biological Activity Measurement

The study was conducted on five water samples taken from water purification and
treatment plants in Diyala Governorate as shown in the Table 4 and 5. The samples were
taken from water stores before treatment and from treated water stores before pumping it to
homes. The samples were transferred into special test tubes and protected from contamination
during transport. The study showed the presence of some types of pathogenic and non-
pathogenic bacteria in the water before treatment for example Escherichia coli,
Staphylococcus aureus and Streptococcus (S. faecalis). The presence of non-pathogenic
bacteria in the water is evidence of contamination of the main water sources with animal or
human feces. After examining the water treated by the aforementioned stations, shown in the
table below, it was found that some stations purify the water with biological pollutants using
special technologies as in Abu Saida and Dhubab stations, while other stations do not operate
with the required efficiency to purify water from biological pollutants that threaten human
health as in Awasheq station. While some types of bacteria were treated in some stations and
others were not treated as in Zherat and Jabinat stations. Numerous studies in this field
mention that bacteria are present in every water. Bacteria do not necessarily indicate that
water is dangerous. to consume only pathogens, which are bacteria that cause disease. In
general, total coliform bacteria are not dangerous. Escherichia coli bacteria and fecal
coliforms suggest that the water may contain additional microorganisms linked to fecal matter

as well as human or animal waste [21].

Table 4: the description of the bacterial species that were isolated in water stations

before treatment.
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Isolated bacterial Spp Name’s of water station

Abu Dhubab | Awasheq | Zherat Jabinat

saida

Escherichia coli + - - - -

Klebsiella sp - - - - -

Aeromons sp - - - - -

Pseudomonas sp - - - - -

Shigilla sp - - - - -

Enterobacter vulneris - - - - -

Enterobacter aerogenes - - - - -

Staphylococcus aureus - - + +

Streptococcus ( S.faecalis ) + + + + +

Table S: the description of the bacterial species that were isolated in water stations after

treatment.

Isolated bacterial Spp Names of water station
Abu Dhubab | Awasheq | Zherat Jabinat
Saida

Escherichia coli - - - - -

Klebsiella sp - - - - -

Aeromons sp - - - - -

Pseudomonas sp - - - - -

Shigilla sp - - - - -

Enterobacter vulneris - - - - R

Enterobacter aerogenes - - - - -

Staphylococcus aureus - - + ¥

Streptococcus ( S.faecalis ) - - + - -

4.Conclusions

According to the study's findings, certain water stations in the Diyala Governorate provide
drinking water that is unsafe for human consumption due to the presence of toxic heavy metals
and harmful bacteria. toxic heavy metals can cause serious health effects even at low
concentrations. Long-term exposure to cadmium may lead to kidney damage, while lead
exposure is especially harmful to the nervous system, particularly in children. This could be

because the water level of the Tigris and Euphrates rivers is steadily declining in Turkey as a
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result of the construction of dams and reservoirs on these rivers, while Iraq's drinking water

quality is lacking due to inadequate water filtration and sterilization techniques as well as
deteriorating water distribution networks, can cause drinking water to become contaminated by
sewage that contains a variety of harmful germs and disrupts Heavy metal concentrations in
drinking water. For this reason, it is crucial to raise environmental awareness through all
available channels, including educational resources and the media. Regular use of the membrane
filter technology and other tests is necessary to assess the water's bacterial content and standard
heavy metal levels. The network tubes that distribute the water from these stations must also be

controlled.
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Abstract:

Wound infection is one of the most important factors affecting the wound healing process,
so its effective control is crucial to enhance the wound healing. With the increasing prevalence
of multidrug-resistant bacterial strains, preventing and treating wound infections has now
become more challenging, imposing heavy medical and financial burdens on the patients. This
study aimed to isolate and identify Gram-negative bacteria from wounds and burns and
investigate the resistance of these bacteria to various antibiotics. In this study, Gram-negative
bacteria were isolated and identified from pus samples obtained from patients suffering from
wound and burn infections who were admitted to Al-Salam Teaching Hospital, Mosul General
Hospital, and the Mosul Center for Burns and Plastic Surgery. The ages of patients ranged from
5 days to 75 years, included both sexes. The sampling period extended from August 28, 2024,
to November 23, 2024. Bacterial isolates were identified based on cultural, morphological,
microscopic characteristics, and biochemical tests. A total of 88 bacterial isolates were obtained
from 54 pus samples that showed growth on MacConkey agar media for Gram-negative bacteria.
Identification was further confirmed using the VITEK-2 system to ensure accurate species

determination. Pseudomonas aeruginosa and Enterobacter cloacae were the most prevalent
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species, with 28 isolates for each one(31.81%), followed by Klebsiella pneumoniae with 10

isolates (11.36%), Klebsiella aerogenes with 6 isolates (7%), Escherichia coli with 7 isolates
(8%), and Proteus mirabilis, Proteus vulgaris, and Raoultella ornithinolytica with 2 isolates
each (2.20%). Additionally, Acinetobacter baumannii, Serratia marcescens, and Salmonella
spp. were each represented by 1 isolate (1. 13%). Antibiotics susceptibility testing revealed a
high level of resistance among Gram-negative bacteria to cephalosporin antibiotics, with
resistance rates of 95.5% for ceftazidime, and 93% for both ceftriaxone and cefotaxime.
Moreover, macrolide antibiotics, specifically azithromycin, showed a resistance rate of 75%. In
contrast, chloramphenicol demonstrated the highest antibacterial efficacy among the tested

antibiotics against Gram-negative isolates.

Keywords: Wounds infection, Burns Infection, Antibiotics Resistance, Gram negative
bacteria.
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1. Introduction:

Wound infection is one of the most important factors affecting the wound healing process,
so its effective control is crucial to enhance the wound healing process. With the increasing
prevalence of multidrug-resistant bacterial strains, preventing and treating wound infections has

now become more challenging, imposing heavy medical and financial burdens on the patient [1]

Wound and burn injuries are among the most difficult problems that hinder surgical
medical progress and cause death for patients because they destroy tissues and lose the skin
barrier. The presence of dead tissue, the presence of antibiotic-resistant microbes, the ability of
these microbes to form biofilms, and the weakness of antibiotic treatment - all these factors lead
to delayed recovery of the patient, especially patients carrying other chronic systemic diseases

12,3,4]

Over time, microorganisms were exposed to antibiotics, which led to bacteria adapting to
resist these antibiotics. This adaptation, along with the lack of drug development, has led to a
reduction in treatment options against bacterial infections [5] The World Health Organization
(WHO) has stated that the emergence and spread of antibiotic-resistant bacteria is one of the
most important health problems of our time and poses a threat to the treatment of diseases. This
leads to an increase in the patient's length of stay in the hospital and an increase in treatment

costs [6]

Some previous studies have shown that the most common Gram-negative bacteria that have been
identified as pathogens causing wound and burn infections are Pseudomonas aeruginosa,

Enterobacter cloacae, Klebsiella pneumoniae, Klebsiella aerogenes, and E. coli .[7,8,9]

2. Material and methods:

2.1 Sample Collection: 103 pus samples were collected, from patients with wound and burn
infections (including, both male and female, who were admitted to Mosul hospitals (Mosul
General Hospital, Al-Salam Teaching Hospital, and Mosul Center for Burns and Plastic
Surgery) between 28, August, 2024 and 23, November, 2024[10].
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2.2 Isolation and diagnosis: Samples were cultured on plates containing MacConkey agar

medium, and then selective media were used to identify bacterial species, such as cetrimidine
agar and eosin methyl blue agar. The plates were then incubated for 24 hours at 37°C. The
morphological characteristics of the cultures on the plates and microscopic examinations were
used to determine the shape and arrangement of these bacterial species. Then, biochemical tests
were used, which were (catalase, oxidase, and IMVC tests) [10]. To confirm the diagnosis
results, the Vitek-2 system produced by the French company (Biomerrux) was used (We learned

that the diagnosis with the Vitek-2 device was performed in an external laboratory).

e 2.3 Antibiotics susceptibility test: The disk diffusion method based on the Kirby-
Bauer Disk method [11] was used to examine the susceptibility of bacterial isolates to
the antibiotics shown in Table 1, it was Compared the antibiotic susceptibility test
results with the standard reference tables, the CLSI table, in terms of bacteria being
sensitive, resistant, or intermediate which were prepared by the Turkish company
(Bioanlyase). Mueller-Hinton medium prepared by the Indian company (Himedia) was
used in this test and was prepared according to the company's instructions. the bacterial
suspension was prepared and adjusted to match the 0.5 McFarland standard. Then, 100
pL of the suspension was spread evenly on the surface of Mueller-Hinton agar using a
sterile cotton swab. After allowing the plates to dry for about 15 minutes, antibiotic

discs were placed on the surface and the plates were incubated at 37°C for 18-24 hours.

Table 1: Antibiotics used in the study

Tablet/Concentration
Code Antibiotic Antibiotic Classes
Microgram
10pg/disc CRO Ceftriaxone
10pg/disc CTX Cefotaxime Cephalosporin’s
30pg/disc CAZ Ceftazidme
10pg/disc MEM Meropenem
Carbapenems

10pg/disc IPM Imipenem
10pg/disc GN Gentamycin Aminoglycosides
15pg/disc AZM Azithromycin Macrolides
10pg/disc CIP Ciprofloxacin Fluoroquinolones
10pg/disc TE Tetracycline Tetracycline’s
10pg/disc C Chloramphenicol Chloramphenicol
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3. Results and Discussion

Laboratory and phenotypic diagnosis: After culturing the samples on MacConkey agar

medium and incubating for 24 hours at a temperature of 37°C, as shown in Figure (1).

E. coli P. aeruginosa E. cloacae
Figure 1: McConkey agar

Gram stain microscopy was performed to identify the shapes and arrangement of bacteria. Then,
the lactose fermented samples, which appeared pink in color, were transferred to MacConkey
agar medium and cultured on eosin methyl blue agar medium for the purpose of identifying E.

coli isolates, as shown in Figure (2).

Figure 2: E. coli bacteria on Eosin blue medium
While the pale-colored isolates on MacConkey agar were cultured on cetrimid agar
medium for the purpose of diagnosing P. aeruginosa isolates, which appear green as a result of

their production of pyocyanin pigment, as shown in Figure (3).
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Figure 3: P. aeruginosa on cetrimid agar
The results of the biochemical tests are shown in Table, (2) and Figure, (4).

Table2: the biochemical tests of bacterial isolates

IMVIC Test
Catalase | Oxidase | the name of the bacteria
IND | MR | VP | CIT

R - R + T 4 P .aeruginosa

+ + . _ I ) E.coli

- + R + + _ P .mirabilis

- + - . 4 } k. pneumoniae

- I + + _ E .cloacae

(+) positive, (-) negative

Indole test Voges-Proskauer test

Citrate utilization test Oxidase test for the right and catalase test for the left

Figure 4: Results of biochemical tests
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It was identical to the approved specifications for the diagnosis of Gram-negative bacteria

shown in [10]. Then, all the isolates isolated in this study were confirmed using the Vitek-2
system, as the results showed that all isolates were consistent with the traditional diagnostic
methods and showed a level of diagnostic probability between (89%-95%) for Enterobacter
cloacae isolates and (86%-99%) for Klebsiella pneumoniae isolates and (93%) for
Pseudomonas aeruginosa isolates and (94%-95%) for each of Klebsiella aerogenes and E. coli
and (91%) for Raoultella ornithinolytica isolates and (99%) for each of Proteus mirabilis,

Proteus vulgaris, Acinetobacter baumannii and Serratia marcescens isolates

Bacterial Isolation Out of a total of 103 samples, 54 samples were obtained that showed
growth on Macon key agar and selective media for Gram-negative bacteria representing a
percentage of (53.39%). These samples were distributed among (23) wound samples (17 male
samples and 6 female samples). As for burn samples, there were (31) samples, distributed

among (13 male samples and 18 female samples) as in table 3.

Table 3: Distribution of samples between males and females

Insulation source Sex Culture positive Culture negative Total number
of samples
Wounds Male 17 16 33
Female 6 12 18
Burns Male 13 10 23
Female 18 11 29
The total - 54 49 103

The total number of bacterial isolates obtained was 88 (This number of bacterial isolates is
due to the growth of more than one type of bacteria in a single sample) and these results were
close to the study [8]. In the city of Maysan the percentage in his study reached (86.9%), and
the study [7] If their isolation rate is (81.7) out of a total of 100 samples. and the results are
different [12] The isolation rate was 132% of the total 800 samples and the study [13] The
isolation rate was 100% for a total of 40 samples. The results showed that the bacterial isolates
were distributed among the different types, with 28 isolates (31.81%) for each of Pseudomonas
aeruginosa and Enterobacter cloaca, 10 isolates (11.39%) for Kleebsiella pneumonia, 6

isolates (7%) for Klebsiella aerogenes, 7 (8%) for E. coli, 2 (2.20%) for each of Proteus
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vulgaris, Proteus mirabilis and Raoultella ornithinolytica, 1 (1.13%) for each of Acinetobacter

baumanni, Serratia marcescens and Sa/monella spp., as shown in Table (4).

Table 4: Number and percentages of Gram-negative bacteria isolated from patients

with wounds and burns

No. | Percentage of total Gram-negative bacteria | number | Gram-negativebacterial species
1 31.81% 28 Pseudomonas aeruginosa
2 31.81% 28 Enterobacter cloacae
3 11.36% 10 Kleebsiella pneumoniae
4 7% 6 Klebsiella aerogenes
5 8% 7 E.coli
6 2.20% 2 Proteus vulgaris
7 2.20% 2 Proteus mirabils
8 2.20% 2 Raoultella ornithinolytica
9 1.13% 1 Acinetobacte baumanni

10 1.13% 1 Serratia marcescens
11 1.13% 1 Salmonella spp
100% 88 the total

The results showed that P. aeruginosa isolates were the most prevalent. This percentage was
close to a study in the city of Maysan [8]. Also, a study in Libya, [7] The results of this study
did not agree with a study conducted in Dohuk, [14] In other studies in India and Libya, [12,13]
respectively. The reason for the dominance of this bacterial species is that P. aeruginosa is one
of the most common Gram-negative bacteria associated with hospital-acquired infections. This
is due to its possession of multiple virulence factors, including the possession of biofilms, efflux
pumps, and its ability to resist various antibiotics due to the possession of mobile genetic
elements such as jumping genes (Trausposouses, Integrones,Plasmids) [9,15,16] As for the
Enterobacter cloacae isolates, their percentage within the total number of isolates reached
(31.81%) within the total negative group. This percentage was different from a previous study
[8,15] respectively Enterobacter spp. are anaerobic Gram-negative bacteria widely distributed
in nature and have raised increasing concern in recent years due to their association with

hospital-acquired infections, especially in immunocompromised individuals [17].
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In the present study, Klebsiella pneumonia bacteria were isolated at a rate of 10

(11.39%) and Klebsiella aerogenes at a rate of 6 (7%). These results were consistent with what
was reached by a study in Libya, [7] It is consistent with another study [13] It was slightly
higher than another study [8] This genus plays an active role in causing burn and wound
infections. It is found in hospitals and is considered a major pathogen due to its possession of
many genes that have the ability to resist antibiotics [18]. As for the E. Coli species, the isolation
rate was 7 (8%). This result was similar to a local study and another Arab study [7,8]
respectively It contradicted another study, [12] The digestive system is the natural home for E.
Coli, but infection occurs after it leaves the system [7] Or as a result of low immunity, especially
for immunocompromised patients, the elderly, and children. As for the genus Proteus spp,
Proteus vulgaris was isolated at a rate of 2 (2.20%) and Proteus mirabilis at a rate of 2 (2.20%),
which was close to the study [12] Contrasting with another study [8]. Factors contributing to
differences in bacterial isolation rates between countries vary, including environment, health
practices, antibiotic use, bacterial genetic diversity, social and economic factors, and laboratory

techniques.

Antibiotics sensitivity test: A sensitivity test was conducted on the (88) bacterial isolates under
study, which caused wound and burn infections, against 10 antibiotics, as shown in Table (5).
The results showed high resistance to cephalosporin’s, with 84% (95.5%) against Ceftazideme
and 82% (93%) against both Ceftriaxone and Cefotaxime. Regarding carbapenem antibiotics,
Meropenem was more effective against the isolates, with a sensitivity rate of 37%, compared
to Imipenem, which the isolates showed high resistance to, reaching 69.3%) Regarding
aminoglycosides represented by the antibiotic Gentamycin, the isolates showed medium
resistance, as the resistance rate reached (69%). As for macrolides represented by the antibiotic
Azythromycin, the resistance rate of the isolates was (75%), and (72.8%) for the antibiotic
Ciprofloxacin from fluoroquinolones, while the resistance rate towards tetracyclines
represented by the antibiotic Tetracycline was low, reaching (47.7%). As for the results of the
sensitivity of the isolates towards chloramphenicol represented by the antibiotic

Chlormphenicol, the number of sensitive isolates reached 53 isolates, at a rate of (60%).
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Table 5: Total numbers and percentages of bacterial isolates resistant and sensitive to

antibiotics
sensitive Moderate resistant
Antibiotic
No. Antibiotic isolates isolates isolates code
Classes
(%) | No. (%) | No. | (%) | No.
Cefiriexone 7% 6 0% 0 93% | 82 | CRO
1. Cefotaxime Cephalosporin’s 7% 6 0% 0 93% | 82 | CTX
Ceftazidem 4.5% 4 0% 0 |955% | 84 | CAZ
Meropenem 37% 33 7% 6 56% | 49 | MEM
2. Carbapenems
Imipenem 27.3% | 24 3.4% 3 1693% | 6l IPM
3 Gentamycin Aminoglycosides 16% 14 15% 13 | 69% | 61 GN
4 Azythromycin Macrolides 25% 22 0% 0 75% | 66 | AZM
5. Ciprofloxacin Fluoroquinolones | 13.6% | 12 | 13.6% | 12 | 72.8% | 64 CIP
6. Chlormphenicol Chloramphenicol 60% 53 8% 7 32% | 28 C
7. Tetracycline Tetracycline’s 40.95% | 36 | 11.35% | 10 | 47.7% | 42 TE

The above results show that the antibiotic Chloramphenicol was one of the most effective
antimicrobials against Gram-negative bacterial isolates. The reason is due to the mechanism of
action of Chloramphenicol, which works to prevent the synthesis of proteins inside the cell [20]
In general, the results of the study showed the resistance of negative bacteria to most antibiotics,
especially cephalosporin’s. This result is consistent with another study (which confirmed in
their results the resistance of most negative bacteria to most of the antibiotics used) [13,14,21]
The increasing, indiscriminate, and irregular use of antibiotics leads to the failure to kill
bacteria, making them more resistant and encouraging them to develop resistance mutations,
which increases the incidence of hospital infections. Despite efforts to combat hospital
infections, the morbidity and mortality rates are very high, increasing healthcare costs and thus
leading to an economic crisis. The problem is further complicated by the emergence of
multidrug-resistant microorganisms that are difficult to treat in the hospital environment [19,22]
Studies have shown that patients with medical records who take antibiotics for long periods
may kill the natural flora that acts as the body's immune system and cause the death of sensitive
bacteria. This leaves only resistant bacteria that carry resistance genes. These genes can be
spread via plasmids to other types of bacteria. This results in the proliferation of antibiotic-
resistant bacteria at the expense of the body's natural flora [23] Table (6) shows the results of

antibiotics sensitivity for each isolate separately.
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Table 6: shows the biological response of Gram-negative bacteria to the antibiotics used

under study

Sensitivi
ty C CIP | AZM TE GN | IPM | MEM | CAZ CTX CRO
Pattern N (%) N (%) N (%) N (%) N(%) N(%) N(%) N(%) N(%) N (%)
8(28.5% 12(43%
< . 9(32%)|4(14%) | 3(11%) ) 4(14%) 8(28%) ) 1(3.5%) | 1(3.5%) | 1(3.5%)
. 0(0%) [5(18%)| 0(0% 0(0%) | 1(4% 0(0% 0(0% 0(0%
I ceruginosa (0%) |5(18%)| 0(0%) 27%) (0%) | 1(4%) 0(0%) (0%) | 0(0%) | 0(0%)
19(68 | 19(68 | 25(89 24(86 | 19(68 27(96.5 | 27(96.5 | 27(96.5
R (N=28) 18(64.5 16(57%
%) %) %) %) %) %) %) %)
%) )
< 20(71 | 1(4%) |4(14%) i 39%) 27%) | 2(7%) | 3(11%)| 0(0%) | 1(3.5%) | 1(3.5%)
0
| EBcloacae %) | 2(7%) 0(0%) S18%) 5(18%)| 0(0%) |3(11%)| 0(0%) | 0(0%) | 0(0%)
(]
N=28 |3(11%)| 25(89 | 24(86 21(75 | 26(93 |{22(78%| 28(100 | 27(96.5 | 27(96.5
R (11%)| 25( ( 12(43%) ( ( ( ( ( (
5(18%) %) | %) % | %) ) %) %) %)
S | K.pneumoni|9(90%)|4(40%)|6(60%)| 6(60%) 5(50%)|9(90%)|8(80%) | 2(20%) | 2(20%) | 2(20%)
I ae  |1(10%)2(20%)| 0(0%) | 1(10%) 12(20%)| 0(0%) | 0(0%) | 0(0%) | 0(0%) | 0)0%)
R N=10 | 0(0%) |4(40%) 4(40%)| 3(30%) |3(30%) 1(10%) 2(20%)| 8(80%) | 8(80%) | 8(80%)
S K 3(50%)| 1(17%)|1(17%)| 1(17%) | 000%) |1(17%)|2(33%)| 0(0%) | 0(0%) | 0(0%)
I | .aerogenes |1(17%) 0(0%) | 0(0%) 0(0%) 2(33%) 0(0%)  0(0%) | 0(0%) | 0(0%) | 0(0%)
R N=6  2(33%)|5(83%) 5(83%)| 5(83%) |4(67%)|5(83%)|4(67%) 6(100%) 6(100%) 6(100%)
2(48.5
7(100
S £ ool v 1(14%) 5(71%)| 5(71%) |1(14%)|1(14%)| %) | 0(0%) | 0(0%) | 0(0%)
. coli 0
I 1 oo 0(0%) | 0(0%) | 0(0%) 2(29%)| 0(0%) | 3(43%)| 0(0%) | 0(0%) | 0(0%)
R 0(00/0) 6(86%)|2(29%)| 2(29%) |4(57%)|6(86%) 2(28.5 | 7(100%) | 7(100%) | 7(100%)
0 %)
S o 150%) 1(50%) 150%)| 000%) [1(50%) 1(50%) 1(50%) | 000%) | 0(0%) | 0(0%)
I 'N , 1(50%) 0(0%) | 0(0%) | 1(50%) | 0(0%) | 0(0%) | 0(0%) | 0(%) | 0(0%) | 0(0%)
R 0(0%) | 1(50%)|1(50%)| 1(50%) |1(50%)|1(50%)| 1(50%) | 2(100%) 2(100%) | 2(100%)
0(0%) | 0(0%
S 1(50%) OEO;’; OEOO/O; 0(0%) | 0(0%) | 0(0%) | 1(50%) | 0(0%) | 0(0%) | 0(0%)
. vulgaris
I Nf2 0(0%) 2(10(; 2(10(; 1(50%) |1(50%)|1(50%)| 0(0%) | 0(0%) | 0(0%) | 0(0%)
R 1(50%) o | % 1(50%) |1(50%)|1(50%)| 1(50%) | 2(100%) | 2(100%)| 2(100%)
Raoultella 0(0%) 2(100%
S nithinol 1(50%) | 0(0%) |1(50%) 0(0%) 00%) 0(0%) ) 0(0%) | 0(0%) | 0(0%)
I 1(50%) | 1(50%)| 0(0%) | 0(0%) 20100 1(50%) 0% 0(0%) | 0(0%) | 0(%)
ca
R 0(0%) |1(50%)|1(50%)|2(100%) 1(50%) * 1 2(100%) | 2(100%) | 2(100%)
N=2 %) 0(0%)
S Acinetobact 1(100%) 0(0%) | 0(0%) | 0(0%)
0(%) | 0(0%) | 0(0%) 0(0%) | 0(0%) | 0(0%)
I er baumanni 0(0%) | 0(0%) | 0(0%) 0(0%) 000%) | 0(0%) | 00%) 0(0%) | 0(0%) | 0(0%)
R N=1 ° ° 71 00%) ° ° 7 11(100%) | 1(100%) | 1(100%)
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%) %) | 0(0%) 1(100 | %) )
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0(0%) | 0(0%) | %) 0(0%) | 0(0%) | 0(0%)
(1] 0
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%) | 1(100 | %) %) %) )
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R =1 0(0%) 0(0%) | 0(0%) | 0(0%)
0(0%) | 0(0%) | 0(0%) 0(0%) | 0(0%) | 0(0%)

P. aeruginosa isolates showed high resistance to cephalosporin antibiotics. The reason is
due to their possession of mechanisms to resist these antibiotics, including carrying a
chromosomal gene that encodes AmpC, an enzyme capable of breaking down cephalosporins,
including the second and third generation, and their possession of efflux pumps that work to
expel antibiotics outside the cells. Lack of permeability occurs due to mutations or a decrease
in the secretion of Porins, as the loss or mutation of the oprD gene leads to strong resistance to
cephalosporins. Mutations in beta-lactam-binding proteins such as PBP3 affect the
effectiveness of cephalosporin antibiotics. Bacteria can also obtain ESBL genes through
horizontal transfer (plasmids), thus acquiring resistance to the third and fourth generation of
cephalosporins. Finally, P. aeruginosa forms biofilms that block and reduce interaction with
antibiotics [24] E. caloaceae isolates also showed high resistance to cephalosporin’s, as these
bacteria possess an inducible chromosomal gene ampC, which when mutated with other genes
such as ampD or ampR leads to the production of the AMPC enzyme, which destroys the third
generation of cephalosporin’s. Resistance genes may be transferred to them via plasmids,
making them more resistant. They may acquire mutations that result in the loss or reduction of
the outer membrane, which increases resistance. They possess efflux pumps [25]. K.
pneumoniae, E. Coli, and K. aerogenes isolates have also shown resistance to cephalosporin
antibiotics due to their formation of biofilms, the possession of efflux pumps, the production of
beta-lactamase enzymes, or transmission via plasmids from other bacteria and mutations that

lead to reduced permeability [26,27,28].

5. Conclusions
The results of the study showed that Gram-negative bacteria are among the main and
common causes of wound and burn infections, and the most common isolates were:

Pseudomonas aeruginosa, Enterobacter cloacae Kleebsiella pneumonia, Klebsiella aerogenes,
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E. coli. These isolates showed a significant difference in their sensitivity to antibiotics, as they

showed high resistance to a number of antibiotics, especially the cephalosporin class, and some
isolates showed multi-drug resistance. This indicates the spread of resistant strains that pose a
therapeutic challenge in the hospital environment. On the other hand, it was noted that some
antibiotics, such as chloramphenicol and tetracycline, showed relative effectiveness against
some isolates. These results indicate a need to reduce the indiscriminate use of antibiotics and
recommend intensifying infection control programs and enhancing awareness of sound health

practices within surgical and burn units. To reduce the spread of resistant bacteria.
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Abstract:

Folic acid (folacin, vitamin B9) is a vitamin with several significant functions in the human
body. For this reason, too little or too much folic acid can increase the incidence of adverse
health effects. This study reviewed current peer-reviewed scientific literature regarding folacin
and the effects on pregnant women. We completed a systematic review of literature from peer-
reviewed studies from 2018 to June 2025 from scientific databases. The succeeding utilized
words and concoctions were used in the review - folacin, folate, folic acid supplements, folacin
absence in pregnant women. The use of folacin, in regard to its biological action, has both direct
and indirect actions on the metabolic system of the cell body of the pregnant woman as a whole
since metabolism is for the mother and fetus specifically. Folic acid plays a role in avoiding
megaloblastic anemia, and neural tube defects NTDs, and it is also helpful in the preservation
of overall nervous system functionality and helps to decrease the risk of some types of
malignant disease. It is presently being vigorously asserted that the use of folic acid is

significant in supporting a normal pregnancy.
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1. Introduction:

A balanced diet is vital for keeping human health and avoiding many diseases. Folic acid,
also known as folacin or vitamin B9, plays a vital role in many biological processes, including
DNA production, cell division, and blood cell formation. Its importance is particularly
significant during periods of rapid growth, such as gestation. Folacin absence can lead to several
health problems, most notably megaloblastic anemia and an increased risk of birth defects in
fetuses. Both severe absence and excessive heights of folate can contribute to a higher risk of
developing certain chronic illnesses, highlighting the need to maintain optimal levels through a

balanced diet. [1].

Vitamin B9 is logically present in the diet as folates, folic acid salts representing a collection
of concoctions that differ in the number of glutamic acid residues and the degree of oxidation

of the pteridine ring. This group consists of several derivatives, for example dihydrofolate
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(DHF), tetrahydrofolate (THF), and methylfolate. Synthetic folic acid is the most stable and

bioavailable form of these compounds. [2].

Notably the human body can synthesize this vitamin in small quantities, which are shaped
by the contribution of intestinal microbes, especially Bifidobacterium (particularly B.
solidiscentis and B. pseudocatenulatum), Lactobacilli, Bifidobacteria, Proteobacteria,
Fusobacteria, and Actinomyces [3]. So, this vitamin must be obtained from external sources,

i.e., through diet or suitable nutritional supplements [4].

Folic acid (vitamin B9) is an essential nutrient involved in DNA synthesis, methylation, and
cell division, processes essential for fetal and placental development. Pregnant women who do
not consume adequate amounts of folic acid are at greater risk of neural tube defects and an
increased risk of miscarriage [5]. Although dietary sources of folate and folate supplements are
the primary sources, the gut microbiome can also produce folate in the colon, particularly in
Bifidobacterium and Lactobacillus bacteria, which may contribute to circulating folate levels.
New research has shown that bacterial imbalances in the gut microbiome may affect folate

production or its role in immune regulation, potentially impacting gestation [6].

2. Reasons and consequences of low folacin levels in the body:

One of the most common causes of folacin absence in the human body is dietary errors,
especially not consuming enough vegetables, fruits, and whole grain products daily - they are
a valuable source of folacin. Low folic acid content in the diet may also be attributed to high
rates of loss through food processing and storage. Poor utilization, storage and absorption, of
folic acid in the cells of the body may also be attributed to ingestion huge amounts of tea or

coffee, alcoholism, and smoking [7].

The concentration of vitamins and minerals in the body, such as ascorbic acid (vitamin C),
vitamin B12, iron, zinc, and others, in addition to adequate levels of methionine, can
significantly impact the body's consumption of folacin. Vitamin B12 deficiency leads to
decreased folic acid retention in cells. Vitamin c absence, in turn, leads to impaired folic acid
absorption in low or metabolically energetic states. Impaired folic acid absorption can also
result from functional and structural disorders of the small intestine, as well as deficiencies in

enzymes that fail to form polyglutamine compounds [8].

Drugs such as Painkillers (e.g., ibuprofen or aspirin), antiepileptic drugs, antibiotics,

corticosteroids, sulfonamides, and folic acid antagonists (such as trimethoprim and
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methotrexate) also have a folate-lowering effect. Additionally, those at risk for folic acid

deficiency include smokers, women using oral contraceptives, and alcoholics [9].

Regarding pregnancy, folic acid absence is closely linked to an increased occurrence of
neural tube defects. A deficiency of this nutrient in the diet of pregnant women may raise the
risk of the child developing and cleft palate and cleft lip, as well as increasing the incidence of

Down syndrome [10].

Folic acid absence can negatively impact genome stability due to its vital role in the synthesis
of thymines and purines. When folic acid levels are low, the availability of thymine, which is
important for DNA polymerization and reparation, is reduced. As a result, incorrect
incorporation of uracil instead of thymine can occur during replication, resulting in uracil-
adenine conjugation. This defect can convert base pairs from GC to AT in the new DNA copy.
This conversion is a potential source of serious genetic mutations. Severe folic acid absence,
which is also essential for the synthesis of thymidine nucleotides, can lead to genome instability,
connected with chromosomal abnormalities and DNA strand breaks. [11]. Research shows that
the volume of uracil that is poorly bound to lymphocyte DNA is reduced in woman of
reproductive age, which is associated with a daily intake of (400) micrograms of folacin, which

in sequence underscores the need for folacin supplement through the reproductive time [12].

The genetic stability of a cell is also affected by the grade of genomic methylation, a
compound known to play a chief role [13]. Therefore, a lack in nutritional folacin contributes
to the disturbance of many critical metabolic processes and may lead to impaired cell growth
and development. One of the most well-known roles of folate is the prevention of neural tube
defects and pregnancy problems. It is also indicated for the prevention of, neurodegenerative

diseases, cardiovascular disease, megaloblastic anemia and cancer [ 14, 8, 7].

3. Folacin and fetal growth illnesses:

Pregnant women are among the groups with the greatest need for folacin. An absence of this
nutrient can cause many damaging consequences. Folacin is critical for the cell growth in the
emerging embryo. The baby's brain and spinal cord develop from the neural tube; therefore, the
timing of their development is crucial. Statistics indicate that central nervous system defects

are a leading cause of neonatal mortality [15, 16].

During gravidity, folate deficiency leads to birth defects and problems such as abortion,
placenta previa, prematurity, premature placental abruption, low birth weight, fetal death, and

megaloblastic anemia [17].
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Throughout gestation, the need for folacin rises and can only be partially met by consuming

suitable nutrients that are sources of this nutrient. It is estimated that the nourishment covers
(50%) of the daily necessity for these nutrients. Used for this purpose, nutritional supplements
are recommended, which is especially important during pregnancy planning and in the first
stages. The daily necessity for folate during pregnancy is 600 micrograms. References
emphasize the need for all females of age to consume folic acid-rich products in their diet, in
addition to fortified foods [18]. Females planning to become pregnant should take folacin
supplements for at least (12) weeks before conception at a dose of 400 micrograms daily.
Through the first trimester of gravidity—until the 12th week—folacin supplements should be
taken at a dose of 400—800 micrograms daily. After the 12th week, females without further
danger factors should take folate supplements at a dose of (600—800) micrograms daily. [19]

Suitable folic acid intake stops the advance of neural tube faults.

These are inborn syndromes that emerge during fetal development and are extremely severe,
disturbing the nervous system of child. Neural tube faults apparent for example spina bifida,
anencephaly, microcephaly, or herniation of the nervous system, which causes, among other
effects, bladder and rectal dysfunction, hydrocephalus, epilepsy, mental retardation, leg
paralysis, and in severe cases can lead to death. The neural tube is an organ that forms initially
during gestation, during the fetal period, approximately in the fourth week. regrettably, at the
moment, a lot of women are ignorant of their pregnancy. A folic acid absence throughout this
time will negatively affect the development of the child's nervous system and the closure of the
neural tube [20]. According to the study, it was found that females who give birth to children
with central nervous system defects have lower plasma folic acid levels and higher

homocysteine levels [10].

All healthcare professionals must be fully aware of the importance of educating pregnant
women about the role of folacin in avoiding congenital disabilities, especially those related to
the neural tube. Failure to provide this basic information may constitute gross medical
negligence and could lead to legal action, especially in cases where the child is born with a

neural tube defect that could have been prevented through prior prevention. [7].

Despite the well-known benefits of folic acid, scientific evidence urges caution, especially in
cases of megaloblastic anemia, as folic acid supplements can mask vitamin B12 deficiency,
complicating diagnosis and treatment. In cases where the liver is impaired in folic acid

metabolism, 5-MTHF supplementation is recommended. This non-activating supplement
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immediately provides active folic acid to both mother and fetus without harmful accumulation

in the blood, making it the ideal choice to ensure the safety of both [16].

Several epidemiological studies have shown that adding folate to the diet of mother before
and during the first weeks of gestation, can be a key factor of the primary inhibition of
congenital cardiac and vascular defects in the child. Studies on selected forms of these defects
have demonstrated that folic acid supplementation meaningfully decreases the risk of cardiac
septal defects (especially ventricular septal defects), as well as cone-shaped defects, and truncus

arteriosus defects (specifically transpositon of the great vessels and Fallot syndrome) [21].

Obese females have been found to have double the danger of embryonic neural tube faults
compared to females of standard weight. Furthermore, folic acid supplementation has been
shown to reduce the danger of neural tube faults, which was chiefly evident in females with a
BMI >25 kg/m2 compared to females with a BMI <25 kg/m2 [22]. Furthermore, fetal nervous
system defects have been found to significantly affect women with type 1 or type 2 diabetes.
[23] found a lower rate of neural tube faults in a group of diabetic women who took folate

supplements at a dose greater than 400 pg/day.

4. Defects of neural tube

It is now accepted that supplementing with 400 mcg of folic acid close to gestation will stop
most NTDs [24]. The advice for preventing recurrence in women with a history of neural tube
defects remains 4.0 mg/day, given the significantly increased danger in such patients and
because this is the dose used in the most rigorous trial [25]. Given the poor bioavailability and
stability of folic acid in food, a diet high in folic acid would not be optimal for prevention. One
study suggested that the risk of neural tube defects is 10 times higher in people with folate
deficiency compared to those with high natural folate levels [26]. Another study suggests that
an additional 200 mcg per day, or perhaps 100 mcg per day, as a routine intake in fortified foods
would prevent most, if not all, of the NTDs that are preventable by folic acid [27].

Ideally, an additional 400 micrograms per day should be offered, as this is the quantity used
in numerous intervention trials [28], and can be accomplished through dietary supplements.
This quantity cannot be provided through fortification, because exposure to large amounts of
folate by people who consume huge amounts of flour may put older adults at risk of pernicious
anemia. It is likely that, dependent on the chosen staple food, it would be probable to raise the
intake of most women by 100 micrograms per day without causing very high exposure in other

groups. It is proposed that this quantity, although not ideal, would stop greatest NTDs.
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Studies have shown that pregnant women's exposure to pesticides is associated with an

increased risk of several congenital malformations, particularly neural tube defects, indicating
that environmental pollution is an important factor in human health and fetal well-being (Figure
1). Of the 229 articles, 8 evaluated pesticide exposure during pregnancy. Various methods were
used, including biological sample analysis and questionnaires. The pesticides studied included
insecticides, herbicides, fungicides, and nematicides. Insecticides were the most studied, and
concentrations were measured at different exposure periods (preconception and prenatal).
Different data collection techniques and different types of biological samples were used. The
main pesticides studied included DDT, DDE, HCH, and endosulfan. The results showed
different levels of pesticides in maternal serum, placenta, and umbilical cord. Maternal serum
showed the highest concentrations of pesticides, but their detection in placental and umbilical

cord tissues confirms fetal exposure [29].
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Figure 1: the exposure of pregnant women to pesticides

5. Conclusions

In conclusion, based on the presented data, it can be confirmed that folacin plays a critical
and multifaceted role in the body and is a vital nutrient for maintaining proper bodily functions.
It is imperative to highlight the role of folacin in pregnant women, as both its absence and

excess are connected with an increased risk of several health problems, most notably congenital
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abnormalities in the embryo, mainly neural tube defects, in addition to nervous system

disorders, cardiovascular diseases, and some cancer types.

To prevent these birth defects and the associated health risks, women who are pregnant or
planning pregnancy are advised to control their health by consuming a balanced diet rich in
folate sources, for instance, whole grains, green leafy vegetables, citrus fruits, legumes, and
nuts. If it is not possible to obtain adequate folic acid through diet alone, it is recommended to
consult a doctor about folic acid supplements to help ensure fetal safety and support the mother's

health throughout pregnancy.
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Abstract:

Plants are constantly challenged by abiotic and biotic stresses including drought, salinity,
heavy metals, UV radiation, and pathogen infections that result in excessive production of
reactive oxygen species (ROS). Excessive ROS can cause oxidization of proteins, lipids,
carbohydrates and nucleic acids which are detrimental to cellular components and thus impact
plant growth and development. To avoid oxidative stress, plants require a finely tuned
collaborative antioxidant defense system which includes enzymatic (peroxidases, catalases) and
non-enzymatic (ascorbate, glutathione, alkaloids, flavonoids, and phenolic chemicals)
antioxidants. Phenolic metabolites are derived from shikimate and mevalonate pathways with
various biological actions. They are accumulated differentially across a variety of tissues, such
as, roots, leaves, stems, flowers, fruits and seeds. The structural characteristics of phenolics
aromatic rings with hydroxyl functional groups render them electro-donors or hydrogen donors
to initiate ROS scavenging and ultimately stabilize the free radicals. Thus, we review herein
that phenolics act as non-enzymatic antioxidants whose upregulation under stress is important
for adaptive mechanism to postpone lipid peroxidation of membranes and nucleotides injury
leading to premature programmed cell death. Therefore, this study seeks to collate the literature
to date, to elucidate the biochemical truth about phenolics and their ecological significance in

stress response with suggestions for further investigation.
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1. Introduction:

The plants produce primary and secondary metabolites which both exhibit specific functions.
Proteins, lipids, nucleic acids, carbohydrates and fatty acids act in plant primary metabolism.
Also, plants produce secondary metabolites that act as a natural supply of antioxidants to protect
the plants [1]. Different plant components, including leaves, stems, flowers, fruits, and seeds,
produce these substances. There are several ways to release these chemicals into the atmosphere
or into the rhizosphere, including Leaching, root exudation, volatilization, and soil residue
breakdown. It is divided into several types depending on its composition and characteristics.

The study by [2] divided secondary metabolites into organic acids such as ketones, aliphatic
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aldehydes, and straight-chain alcohols, Long-chain fatty acids, unsaturated lactones, simple,

quinines, derivatives of cinamic acid, Coumarins chemicals, phenols, Tannins, Flavonoids and
Terpenoid. Certain large groups of secondary metabolites are synthesized under environmental
stress and act as antioxidants in plants. Both enzymatic and non-enzymatic antioxidants make
up a plant's antioxidant system; the most significant non-enzymatic antioxidants are alkaloids,
glutathione, phenolic chemicals, ascorbic acid, flavonoids, and non-protein amino acids.
Additionally, plants produce enzymatic antioxidants like peroxidase, catalase, superoxide

dismutase and monodehydroascorbate reductase [3].

Phenolic chemicals:

Plants synthesize large numbers of phenol derivatives collectively named as phenolic
chemicals. The chemical structure of these compounds is aromatic with one or more hydroxyl
groups and also have at least one benzene ring with one or more hydroxyl groups, which is able
to donate hydrogen atoms or electrons in order to equation radicals or any environmental stress
and reactive oxygen species [1]. Biosynthetic pathway of principal phenolic and flavonoid
secondary metabolites in plants. Shikimic acid and phenylpropanoid pathways. Involved in
glycolytic and pentose phosphate pathways—phosphoenolpyruvate and erythrose-4-
phosphate—contribute to shikimate pathway; derive aromatic amino acids (phenylalanine,
tyrosine, tryptophan) and gallic acid. Phenylalanine is converted to cinnamic acid via the
phenylpropanoid pathway and to p-coumaric acid and p-coumaroyl-CoA, central and common
intermediates for an extensive variety of phenolic chemicals (i.e. tannins, lignins, coumarins)
as well as precursors to flavonoids via chalcone. Differing branches then proceed to create

flavonols, anthocyanidins, catechins, isoflavonoids, flavones [4] Figure (1).
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Fig. 1: Biosynthesis pathway of phenolic chemicals in plants.
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Certain phenolic chemicals are categorized based on the degree of oxidation or unsaturation or
the number of carbon atoms in their structure [5]. Plants photosynthesize approximately 2% of
all organic molecules, subsequently transforming them into phenolic chemicals. Most phenolic
groups are conjugated naturally with mono or polysaccharides. Plant phenolics are the most
widely produced and distributed in plants, bacteria, algae, and fungi. Plant leaves contain
hydroxycinnamic acids, flavonoids, lignin and glycosylated flavonoids [6,7]. Phenolic
chemicals are classified into simple and polyphenolic chemicals according to the number of
phenol units contained. Simple phenolics such as catechol, resorcinol, and hydroquinone

(Figure 2) contain one phenol unit.

OH OH OH
1 1
6 2 OH 6 1 2 6 2
5 3 5 5 3
4 2 ° OH 3
OH
Catechol Resorcinol Hydroquinone

Fig. 2: Simple phenols.

Polyphenols contain more than one phenol group, such as coumarin, ferulic acid, sinapic acid,

cinnamic acid, caffeine, and hydrocoumarin (Figure 3).

Coumarin

hydroxycoumarin

Fig. 3: Polyphenols.
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Biosynthesis of phenolic chemicals is often affected by plant environments, like plant

pathogens, moisture, UV light, pH, and water stress. When plants are exposed to environmental
stressors like drought stress, phenolic chemicals play a significant role as their non-enzymatic
antioxidant system. UV light, pH, and numerous additional biotic and abiotic elements cause
plants to create an unbalanced rate of reactive oxygen. Synthesis of the plant antioxidant system
and reactive oxygen species (ROS) result in the plant's elevated oxidative stress [8]. The aim
of this review is to summarize the role of secondary metabolites, especially phenolic chemicals,
as non-enzymatic antioxidants in plants exposed to various stresses. The review also identifies
gaps in current knowledge and suggests directions for future research to improve our

understanding of plant stress tolerance and its applications in crop production.

Phenolic chemicals' Function in Abiotic Stress: Under abiotic stress, phenolic acids
interact with their environment and mediate adaptive responses by producing protective
secondary metabolites[9]. Phenolic chemicals build up in plant tissue in response to negative
stress, which is thought to be a physiological adaptation for survival in the face of
environmental disruptions [10]. The antioxidant properties of flavonoids, hydroxycinnamate
esters, tannins, and lignin aid in the defense against biotic and abiotic stress. Phenolic chemicals
also promote lipid peroxidation and break free radical chains [11]. Phenolic chemicals have
been classified into five subcategories (flavonoids, coumarins, phenolic acids, lignin and
tannins.), It has been improved that increased gene expression was the cause of the rise in
phenolic chemicals in several stressed plants [12, 13, 14]. They conclude that the accumulation
of phenolic chemicals in Rehmannia glutinosa occurs under stress because of increasing enzyme
activities such as phenylalanine ammonia lyase (PAL). Abiotic stress enhances phenolic acid
levels through cinnamic acid metabolism, including methylation and hydration/dehydration
reactions, supporting plant survival under environmental challenges. Implication of plants to
different stresses by scavenging of ROS, boosting the production of secondary metabolites, like
phenolic chemicals, as a way to protect plants, [14] It is notedthat when plants are exposed to
injury, such as a wound or cut in tissues, they may use sustainable methods as a defense by
boosting antioxidant activity and phenolic compound production. When plants grow in areas of
adverse conditions face water stress, heavy metals stress, extreme temperatures, salinity, and
other abiotic stresses, which affect plant development, growth and productivity. [15]. Different
reactive oxygen species (ROS) were created by plants in response to stressors. Overproduction
of ROS caused damage to the cells of plants, such as carbohydrates, proteins, and DNA, finally

causing disturbance of the balance between normal (ROS) production and antioxidants, leading
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to oxidative stress in plants [16]. The antioxidant system helps plants adapt to oxidative

stressors. It consists of enzymatic antioxidants like peroxidase, catalase, glutathione reductase,
superoxide dismutase, hydroascorbate reductase, glutathione peroxidase, and ascorbate
reductase, as well as nonenzymatic antioxidants like ascorbic acid, glutathione, flavonoids,
phenolic chemicals, and alkaloids [17]. Under severe situations, plants' antioxidant systems are
crucial because they scavenge reactive oxygen species (ROS), prevent lipid peroxidation, DNA
damage, and protein breakdown; inhibit enzymes, and ultimately postpone cell death
[18].Phenolic chemicals' function in heavy metal stress: One significant source of stress is
brought on by the toxicity of heavy metals which causes harmful effects inphysiological
processes [19,20], It proved that nanoparticles such as Ag, CuO, CeO2 and Cu can be used for
the induction of phenolic chemicals; increased production of ROS led to an increase in phenolic
chemicals. Biosynthesis of Phenolic substances in Zea mays L. in contaminated soil with
aluminum ion, rootexudates of the plant have high levels of catechin and quercetin [21,22] was
reported that high levels of flavonoids in cells of Digitalis lanata L. are usuallyassociated with
high concentrations of CuSo4.Increasing the supply of Molybdenum (Mo) caused improved
antioxidant system in plant enzymatic and nonenzymatic processes and increased metabolism
and growth [23].When plants take up heavy metals (Cr, Cd, Hg, Co, Mn, Ni, Pb and Zn) this
inhibits major physiologicalactivities in plant cells such as photosynthesis, cell elongation, and
respiration. The harm of heavy metals takes place through the increase of ROS by oxidation and
inhibition of polynucleotide and protein functional groups, inactive enzymes responsible for

detoxification of free radicals [24].

Role of phenolic chemicals under drought stress:

Drought is the primary abiotic stressor that affects plant development and reduces plant
yield, plant phenolic chemicals content increases under water stress. [25] reported that quercetin
concentration increased significantly in white clover when the plant was exposed to drought. [26] has
reported that different types of plants such as cereals, fruits and vegetables accumulate phenolic
chemicals when grown under drought conditions.Plants antioxidants that accumulate under
water stress include phenolic chemicals and flavonoids. Amaranthus tricolor is vegetable
accumulate flavonoids in response to drought conditions [27]. Under water stress phenolic
chemicals act as a nonenzymatic antioxidant system to equation the harmful effects of (ROS),
even plants resistant to drought conditions (arid or semiarid habitats) may produce high
concentrations of phenolic chemicals and flavonoids in contrast to the same plants that thrived

in water with moderate levels of moisture [28]. In response to drought stress, plants
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physiologically constrict their stomata, reducing transpiration and water loss,CO2 concentration

and fixation via the Calvin cycle reduced, increase NADPH+H production during
photosynthesis (light reactions), causing reduced growth of the plant. As a response, the plant
increases antioxidants [29]. An experiment studied the response of 21 barley cultivars to water
stress, tested the impact of water deficit on phenolic compound content in the studied cultivars,
antioxidant enzyme activity and oxidative stress. It was found that water stress increased

content of phenolics and flavonoids. [30]

Phenolic chemicals' function in nutrient stress:

The development of plants depends on nutrients from their environment which are regulated
by several factors, including microorganisms, climate, substrate quality, and nutrient leachates
into the soil [31]. Plant phenolic affect the activity of soil microorganisms and nutrient cycling.
When a plant is exposed to nutrient deficits, phenolic chemicals are crucial. such as (N, P, K)
and S, rapidly increasing the concentration of phenolic chemicals [6]. Tomato plants increased
levels of Anthocyanin and Quercetin when grown under nutrient stress conditions [32, 33],
demonstrating that limitation of (N) in Lactuca sativa L. caused an increase in phenolic
chemicals and antiradical activity, while reduction in (P) nutrition did not affect the composition

of Lettuce phytochemicals.

5. Conclusions:

Plants subjected to general stress effects on cellular components like carbohydrates, proteins,
lipids, and DNA were omitted with a focus on the general effect of various biological and
environmental stresses leading to oxidation. Secondary metabolites and the plant's antioxidant
system, which consists of both enzymatic and nonenzymatic antioxidant systems in plants act
as a nonenzymatic antioxidant system divided into organic acids, ketones, simple unsaturated
lactones, quinones, cinnamic acids, phenolics, tannins, flavonoids, and terpenoids.
Phenolic chemicals are a certain group of secondary metabolites synthesized under
environmental stress that act as a nonenzymatic antioxidant in plants, equation ROS, and delay
cell death, released to the environment by various ways such as volatilization, leaching, root

exudation, and decomposition.

This review focuses on the key mechanisms used by plants when subjected to various biotic
and abiotic challenges, with secondary metabolites being among the most important of these

plant-derived chemicals. Heat stress, salt, drought, and acidity all cause a significant increase
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in the accumulation of such secondary metabolites, which act as protective agents for the plant,

reducing environmental damage.

Despite the overwhelming evidence of secondary metabolites' protective impact, there are
significant limitations and information gaps. For example, the particular regulatory networks
that regulate their production under combined stress circumstances are not yet fully understood,
and the heterogeneity among plant species needs more comparative research. Furthermore,
most recent findings are based on controlled laboratory circumstances, and their relevance to
real-world settings requires confirmation. Future study should integrate molecular,
physiological, and ecological techniques to better understand these chemicals' dynamic
activities, with a focus on genetic engineering, breeding programs, and biotechnological

applications to improve crop stress tolerance.
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Abstract:

Acinetobacter haemolyticus is a pathogenic species and a bacterium resistant to various types
of antibiotics. This study aims to identify the source of Acinetobacter haemolyticus infections
and determine the most effective treatment options. The research also compares isolates from
wastewater and urinary tract infection (UTT) patients to evaluate differences in their antibiotic
susceptibility and resistance. Additionally, it examines whether antibiotics effective against
clinical UTI isolates show the same effectiveness against wastewater isolates. From thirty
samples, 5 samples of urine isolated (33.3%) were of Acinetobacter haemolyticus, while the
remaining 10 samples (66.6%) showed negative growth. However, out of 15 hospital
wastewater samples, 3 (20%) isolated Acinetobacter haemolyticus, whereas the remaining 80%
showed negative growth. Furthermore. The present results showed that Acinetobacter
haemolyticus was sensitive to some antibiotics, including ampicillin, gentamicin, piperacillin-

tazobactam, cefepime, cefuroxime, trimethoprim-sulfamethoxazole, amikacin, ceftazidime,
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cefoperazone-sulbactam, and minocycline, and resistant to two types of antibiotics, including

imipenem and meropenem. In this study, even though Acinetobacter haemolyticus was isolated
from two distinct sources (sewage and urine), it produced identical results in terms of minimum
inhibitory concentration, antibiotic resistance, and appropriateness. This work opens the door
up to several other investigations. One of those genes examined each type of bacterium based
on where it was isolated (inside or outside the human body), revealing the differences between

the bacteria's genes and whether or not environmental factors affected these bacteria.

Keywords: Acinetobacter haemolyticus, Minimum Inhibitory Concentration, Antibiotic
Resistance, Hospital Wastewater, Urinary Tract Infection.
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1. Introduction:

Members of the bacterium genus Acinetobacter have become one of the most significant
drivers of hospital-acquired infections in the past 20 years, overcoming their relative obscurity,
demonstrating an amazing capacity of these organisms to acquire antibiotic resistance
determinants, with some strains already exhibiting resistance to all clinically used antibiotics
[1]. New antibacterial substances are desperately needed to counter the threat posed by
Acinetobacter species and other uncontrollable bacterial infections. The logical development
of antimicrobial medications finds appealing targets in the fundamental mechanisms of
transcription, cell division, and chromosomal DNA replication [2]. Acinetobacter haemolyticus
is a significant species; its resistance to antibiotics has risen due to abuse of antibiotics and the
frequent gene exchange between bacteria in hospitals [3]. Acinetobacter species are
characterized as aerobic, small bacilli that thrive in moist environments easily isolated from
various sources like sewage, water, food, and soil [4].

These species are oxidase-negative, catalase-positive, non-motile coccobacilli that thrive in
damp environments. Non- fermenting and non-fastidious, the prevalent and clinically
significant species of this genus are Acinetobacter baumannii and Acinetobacter haemolyticus
[S]. In intensive care units, Acinetobacter species are responsible for about 20% of bacterial
infections, making them one of the opportunistic bacteria associated with hospital-acquired
infections [6]. Acinetobacter species can also be isolated from other sources including pus,
wound swabs, sputum, tissue, bronchial washings, cerebrospinal fluid, blood and urine [7]. UTI,
ventilator-associated pneumonia, wound infections, and septicemia are among the nosocomial
illnesses caused by Acinetobacter. The following are risk factors for Acinetobacter infections:
prolonged hospital stays, immunodeficiency, surgery, burns, aging, the use of antibacterial
medications, and invasive devices. Almost all commonly given antimicrobial drugs, such as
aminoglycosides, fluoroquinolones, and broad-spectrum beta-lactams, are seeing an increase in
resistance in Acinetobacter species. Although most strains are resistant to the cephalosporin
class of medications, reports of carbapenem resistance are on the rise [8].

Acinetobacter's antibiotic susceptibility patterns might fluctuate greatly between geographical
locations and even over time in several hospital units. In order to choose the best course of
action, it is crucial to routinely check these infections because of these differences.
Acinetobacter infections have a major effect on rates of morbidity and death, which raises
mortality among critically sick patients. Acinetobacter is normally regarded as a low-

pathogenicity bacterium but when isolated from individuals who are very sick or have impaired
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immune systems, it can be quite dangerous. Usually, nosocomial infections rather than

community-acquired illnesses are linked to these pathogens [9].

Acinetobacter spp. accounted for 3.7 and 7.5% of isolates, respectively, making them the
eighth and fifth most frequent infections in the USA and Europe, respectively, in a recent series
that examined over 13,000 patients hospitalized with pneumonia. Endotracheal intubations,
surgery, previous antibiotic treatment, and underlying pulmonary illness are risk factors. The
development of a bronchopulmonary fistula, pleural effusion, and multilobular involvement are
possible clinical manifestations. According to some reports, mortality rates as high as 70% may
be due to the underlying illness of the patient rather than the organism's virulence [10]. The
purpose of this research is to determine the origin of Acinetobacter haemolyticus infections and

to determine the most effective treatment strategy.

2. Material and methods:

2.1. Study Design

Research samples were taken from Tuz Hospital in Sala Hedin Governorate from January to
May 2025 from two sources for Acinetobacter haemolyticus (urine and hospital wastewater).
The sterilization method was used for taking samples without contamination, which were then
cultured on necessary media for bacterial growth, diagnosed as Acinetobacter haemolyticus,
and confirmed by the DL microbial ID/AST system (Enterobact. IST CARD) model DL-120E,

and the Minimum Inhibitory Concentration of Acinetobacter haemolyticus was detected.

2.2. Collect Samples

The number of samples used for research to identify Acinetobacter haemolyticus are 30. 15
samples of urine were collected and placed in sterile urine cups collected from UTI of patients
that return to hospital, and other 15 samples of hospital waste water were collected into 250ml
sterile screw-cap containers and transported to the Microbiology Laboratory for isolated
Acinetobacter haemolyticus. After that, they were cultured on MacConkey agar using the

streaking culture method, and then incubated for 24 hours at 37°C.
2.3. Isolation and Identification Acinetobacter haemolyticus

2.3.1 Acinetobacter haemolyticus characteristic

The samples taken from the UTI patients and hospital wastewater (urine and sewage water)
were cultured on suitable culture media for growth of Acinetobacter haemolyticus, including
MacConkey agar [HI Media/India]. The bacteria appeared as colorless to light pink colonies,
then cultured on eosin methylene blue agar for differentiation of these bacteria that appeared

with blue colonies from other gram-negative bacteria on the MacConkey agar, and all the types
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of samples were cultured on sheep blood agar within 48 hours at 37°C. The bacteria growth

was found to be 2-3 mm diameter gray-white, convex colonies [11].

2.3.2 Microscopic Identification

A drop of distilled water was added to Acinetobacter haemolyticus isolates that had been
obtained and placed onto a microscope slide. After that, the smear was inspected under a light
microscope after being stained using the Gram stain procedure. Under high magnification and
oil immersion, the bacterial cells' color, which indicated the Gram reaction, as well as their form
and arrangement, was evaluated [12].

2.3.3. Acinetobacter haemolyticus confirmed identification

Acinetobacter haemolyticus identification by DL microbial ID/AST system (Enterobact. IST
CARD) model DL-120E and detected Minimum Inhibitory Concentration of Acinetobacter
haemolyticus [Biotech]. The Enterobacter (IST CARD) model DL-120E is used to identify
Acinetobacter haemolyticus; it depends on the calorimetric characteristic for identification
(oxidase test, catalase test, the citrate utilization test, the methyl-red test, the indole test, the
Voges-Proskauer test, and the lactose fermentation test, and it depends on turbidity for
susceptibility testing to detect minimum inhibitory concentration (CLSI & EUCAST) standard.
DL IST card covers nearly 14 types of antibiotics, including ampicillin, gentamicin, ampicillin-
sulbactam, piperacillin-tazobactam, cefepime, cefuroxime, trimethoprim-sulfamethoxazole,
cefotaxime, imipenem, meropenem, amikacin, ceftazidime, cefoperazone-sulbactam, and
minocycline, with multi-level concentration, up to 9 dilutions, for giving true minimum

inhibitory concentration value [13].

Methods

1-Add pure Acinetobacter haemolyticus colonies to the diluent (0.5 MCF).

2-Add 100 pL of Pure from Acinetobacter haemolyticus suspension to biochemical wells (A1l
to A12 - B1 to B12) and 50 puL to C1 — C6

3-Add 50 pL of Acinetobacter haemolyticus suspension into Muller Hinton broth and mix well
4-Add 50 pL of Muller Hinton broth into antimicrobial wells.

5-Add 2 drops of oil into Al to A7.

6-Cover the card and place in incubator (18-24 hr.)

7-Add 1 drop of IND and PHE, and add 1 drop of VP1 and VP2 into the corresponding wells.
8-Read the result by D2MINI software.
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3. Results and Discussion

3.1. Acinetobacter haemolyticus source and number

Between January and May 2025, thirty (30) samples were obtained for the diagnosis of
Acinetobacter hemolyticus, fifteen from patients who returned to Tuz Hospital with UTI, and
fifteen from the hospital's sewage water in the Sala Hedin Governorate. Of these, five urine
samples (33.3%) had positive growth for Acinetobacter haemolyticus, ten samples (66.6%) had
negative growth, three samples (20%) of fifteen wastewater samples had positive growth, and
the remaining 80% had negative growth. The DL microbial ID/AST method was used to
validate the identification of Acinetobacter haemolyticus following bacterial culture and
microscopic examinations, as indicated in Table 1. An isolate of all Acinetobacter haemolyticus
was cultivated on MacConkey agar and stained with Gram's stain, which allowed isolates to be
recognized based on their morphological traits. It tested negative for Gram stain and
coccobacilli, which are classified as strictly aerobic [14].

Table 1: The sample source and number

Sample source Sample Positive result | Percentage Negative result | Percentage
Number

UTIs 15 5 33,3% 10 66.6%

Hospital wastewater 15 3 20% 12 80%

Free-living bacteria called Acinetobacter species are frequently found in damp environments
and are easily separated from sources like soil, food, water, and sewage [15]. Catalase-positive,
oxidase-negative, tiny, aerobic, non-fermenting, non-fastidious, and non-motile coccobacilli
that thrive in damp environments are these species [16] Found as various species, like
Acinetobacter Iwolffii and Acinetobacter haemolyticus, the species are the most opportunistic
non-fermenting bacteria linked to hospital-acquired illnesses, accounting for around 20% of
cases [17]. Urinary Tract Infections are a considerable global concern and are among the most
prevalent types of microbial infection globally [18]. Many bacteria can be isolated from urine,
such as Escherichia coli and Staphylococcus aureus, that take part with Acinetobacter
haemolyticus and cause Urinary Tract Infection [19, 20]. Additionally, it can be isolated from
numerous species of the genus Acinetobacter, which are accountable for nosocomial diseases,
such as aspiration pneumonia and catheter-associated infections; they can also cause urinary
tract and soft tissue infections. Acinetobacter haemolyticus was identified from sewage water.
community-acquired pneumonia and bacteremia can occur, especially in hot and humid tropical

settings. According to the National Nosocomial Infections Surveillance System, the number of
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Acinetobacter infections in the United States increased by 54% between 1987 and 1996,

compared to November through June, between July and October (45). High humidity levels are
thought to encourage the growth of germs, and water baths and humidifiers have frequently
been identified as environmental reservoirs. Additionally, isolate Acinetobacter haemolyticus
had a proportion of 13 (12%) in this investigation. [21].

3.2 Biochemical properties determination of Minimum inhibition concentration
Acinetobacter haemolyticus was diagnosed using the DL-120E system through a 28-test panel,
providing results within 18-24 hours. This approach ensures timeliness and high accuracy

(about 99%) and a very low chance of mutation, mitigation, and any risks or errors (Table2).

Table2: the results of the DL-120E system.

Test Result Test Result Test Result Test Result
Glu - C - ARAF - Raff -
H2s - CIT - LACI - ESC -
URE - MLT - SUCF 4 SALf 4
ORN - PHE + MELF - MDGf +
ARG - INO - RHAF - ONPG -
LYS + VP - INOF + GEL -
SORF - ADOF s MALF - CELF 4

All isolates of Acinetobacter haemolyticus were subjected to minimum inhibition
concentration using fourteen different types of antibiotics, including gentamicin, ampicillin,
ampicillin-sulbactam, piperacillin-tazobactam, cefepime, cefuroxime (IV), trimethoprim-
sulfamethoxazole, cefotaxime, imipenem, meropenem, amikacin, ceftazidime, cefoperazone-
sulbactam, and minocycline. To ascertain the isolates' susceptibility and resistance to the 14
antibiotics. The DL-120E system was used to calculate minimum inhibition concentration. The
results are shown in Table 3 and Figure 1. The study showed all eight isolates with 100%
sensitivity to ampicillin, gentamicin, piperacillin-tazobactam, cefepime, cefuroxime (IV),
trimethoprim-sulfamethoxazole, amikacin, ceftazidime, cefoperazone-sulbactam, and

minocycline, and with 100% resistance to two types of antibiotics (imipenem and meropenem).

Table3. Minimum Inhibition Concentration (MIC)

Antibiotic MIC Resistance ( R) Sensitivities (S)
Ampicillin <8\4 ug/ml S
Gentamicin <lug/ml S
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Ampicillin-Sulbactam >16/8ug/ml intermediate
Piperacillin-Tazobactam <4/4ug/ml S
Cefepime >0.12ug/ml s
Cefuroxime(vi) >4ug/ml S
Trimethoprim- <0.5/9.5ug/ml S
Sulfamethoxazole

Cefotaxime >0.12ug/ml S
Imipenem, <0.25ug/ml R

Meropenem >32ug/ml R

Amikacin <4ug/ml s
Ceftazidime >32ug/ml S
Cefoperazone- >8\dug/ml s
Sulbactam,

Minocycline >lug/ml S

Figure 1: DL-120E system for detected MIC of Acinetobacter haemolyticus

A key factor in determining the best course of therapy is minimum inhibition Concentration,
which is the lowest concentration of an antimicrobial drug that stops a bacterium from growing
visibly. Nevertheless, this approach has a number of shortcomings, particularly with regard to
antibiotic resistance. Usually, the minimum inhibition Concentration approach involves giving
antibiotic dosages that either inhibit or eradicate the most susceptible bacteria. Even if they are
only slightly resistant to the antibiotic, bacteria can still live and proliferate. Treatment failure
may result from the growth and dominance of these resistant bacteria over time. Antimicrobial
resistance is largely caused by this process, which is referred to as selective pressure [22, 23].

The Bhaduri et al. [24] studied Acinetobacter haemolyticus isolated in a tertiary care hospital
.
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that isolating Acinetobacter haemolyticus in 3.8% and found high levels of resistance to

ampicillin-sulbactam (96%), ampicillin (94%), aztreonam (94%), cefuroxime (92%), and
ceftazidime (91%). In another study, one important Acinetobacter pathogen is Acinetobacter
haemolyticus, and antibiotic overuse and the frequent gene exchange amongst hospital bacteria
are the main causes of Acinetobacter haemolyticus resistance. In this investigation, we
sequenced the whole genomes of two strains of Acinetobacter haemolyticus, TIR01 and TJSO1
[25] [26].

Numerous technical aspects impact the pathogenesis and virulence of Acinetobacter. The
function of lipopolysaccharide or lipopolysaccharide oligosaccharide in these bacteria's outer
membranes is of special interest [27]. It has been demonstrated that changes to these structures
confer resistance to antibiotics and enhance resistance to desiccation. Additionally, it has been
shown that Acinetobacter species that contain capsules are protected from complement-
mediated death. Acinetobacter's quivering motility, adherence to environmental surfaces, and

biofilm formation are all facilitated by the pellicles that are present on its surface [28, 29].

4. Conclusions

Acinetobacter haemolyticus is an opportunistic pathogen that mainly affects patients with
compromised immune systems. In healthy individuals, it is regarded as a low-grade pathogen
that they may carry on their skin asymptomatically (colonization). It usually results in infections
in hospitalized patients, long hospital stays, and catheters, and the capacity of Acinetobacter
species, especially Acinetobacter haemolyticus, to become resistant to several antibiotics poses
a serious threat to human health (multidrug resistance). Therefore, this study highlighted the
sources of these opportunistic bacteria. It appeared that even though Acinetobacter
haemolyticus was isolated from two distinct sources (wastewater and urine), it produced
identical results in terms of minimum inhibition concentration, antibiotic resistance, and
appropriateness. The goal of this study was accomplished when it was shown that bacteria have
the same effect on antibiotic resistance or sensitivity regardless of their origin, and it opens the
way up to several other investigations. One of those genes examined each type of bacterium
based on where it was isolated (inside or outside the human body), revealing the differences
between the bacteria's genes and whether or not environmental factors were affected.
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Abstract:

(OMoM

The importance of the human microbiome in carcinogenesis, metastasis, and treatment

response is being more and more demonstrated. Species of bacteria that have recently come to

light as having a role in tumor biology and prognosis are summarized in this article. Metabolism

changes, antitumor immunity is impaired, and chronic inflammation is promoted by microbial

dysbiosis, according to cutting-edge molecular techniques like 16S rRNA sequencing and

metagenomics. There is great potential for customized cancer care through therapeutic

regulation of the microbiome, which might be achieved by the use of probiotics or fecal

microbiota transplantation. Additionally, specific microbial signatures are becoming more

recognized as biomarkers. The intricacy of microbial networks and inter-individual variability

continue to hinder therapeutic translation, despite recent gains. To create proven diagnostic and

treatment approaches based on the microbiome, ongoing multidisciplinary research is crucial.
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1. Introduction:

More and more discoveries are elucidating the significance of the microbiome in shaping
various traits, including health. Disruption in microbiota can influence normal biological
functions and is thought to constitute the underlying etiology of various health problems. The
role of commensal bacteria in cancer has recently gained attention [1]. Research shows that
germs can affect the body in many ways, especially in relation to blood-related and solid organ
cancers |2|. Tumor biology is shaped by the presence of bacteria either through their phenotypic
characteristics or by the way tumor cells react to the presence of bacteria. To further complicate
the relationship, research has also indicated that the development of cancer and its

microenvironment can alter the local microbiome [3].

With advances in molecular diagnostics further characterizing the spectrum of bacteria and
their characteristics, the implications of this stratification and how to apply that knowledge for
prognosis are at the heart of research. The above evidence has led to a number of open questions
on how several of these bacterial species could be serving as robust biomarkers to help in
determining cancer prognosis [4]. This review delves into the various bacterial species that have

been linked to cancer prognosis. It seeks to understand how these species contribute to tumor
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progression and therapy response, and it emphasizes their potential as diagnostic and

therapeutic targets in clinical oncology. The study is planned to be conducted according to the
guidance. In conclusion, understanding the microbiome has generated both excitement and

disbelief in cancer biology

2. The Microbiome and Cancer

The microbiome is increasingly associated with diverse diseases. In cancer, the bacteria and
other microorganisms in the gut and body can affect the immune system and inflammation,
both of which play a role in how cancer develops and how well treatments work. The gut
contains many different types of microorganisms. Their variety is influenced by factors like
food and antibiotics, but genetics plays the biggest role [5]. At the same time, the microbiome
assists in digestion, host metabolism, and immune system regulation. A consequence of this is
the strong influence that the gut microbiome can exert even on distant cells and organs located
in the peripheral tissues. Moreover, several bacterial species, pathogens, or symbionts have
proven to be potent modulators of tumor development, each through their mechanism of action

[6].

Notably, there is both heterogeneity in the microbial composition and distinct roles of the
microbiota in tumorigenesis, including mutual symbiosis and direct translocation from
intestinal dysbiosis. Nevertheless, it is still not clear when bacteria extrinsically translocated
from the dysbiotic intestine acquire a commensal phenotype by adapting to the specific milieu
of the tumor microenvironment. By interacting with host immune receptors including Toll-like
receptors (TLRs), bacteria can stimulate tumor formation. Binding to Toll-like receptors
(TLRs) on immunological and epithelial cells, bacterial components called microbial-
associated molecular patterns (MAMPs) induce inflammatory and signaling cascades, such as
NF-kB and STAT3. Chronic inflammation, DNA damage, and changes in the tumor
microenvironment that promote cancer start and development are brought about by the
persistent activation of these pathways. Moreover, these same patterns and antigens were shown
to be expressed also by several different kinds of bacterial species; therefore, they can predict
the degree of intratumor inflammation. The overall specificity about bacteria-induced cancer
progression is due to the host’s specific proteome as well as the transcriptional expression at
the single-cell level, which at the same time is dependent on the single nucleotide
polymorphisms that are present in the host's genome. At the same time, emerging evidence has

implicated unique microbial dysbiosis in several different cancer types |7].
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2.1. Role of the Microbiome in Cancer Development

Until recently, cancer was long thought of as a hereditary disorder originating from mutations
that interfere with regular cellular regulatory systems. Cancer initiation and progression are
shaped by a complex network of elements, including genetics, epigenetics, metabolism, the
immune system, and microbes, according to current data. More and more data shows that
external factors like immune cells, fibroblasts, blood vessel cells, nutrients, and other molecules
from the surroundings are very important. Among these extrinsic factors, the microbiome is
receiving much attention. The microbiome is now considered a major organ and consists of
about 1 kg, half of microbial mass being in the colon, where the density is one of the highest
on the planet, with a concentration of up to 10"12 bacteria per gram of colonic content [8]. The
microbiome has pleiotropic impacts in cancer through its metabolome. Microbial molecules
can significantly influence several signaling pathways that change during tumor development,
like NF-kB, Wnt/B-catenin, and various pathways related to cell death. Intriguingly, the
microbiome has the ability to alter environmental compounds like PAHs through its metabolic
processes. The production of reactive carcinogenic intermediates by some microbial
transformations has the potential to facilitate the start of tumors. At another step of oncogenesis,
the microbiome has been shown to incite inflammation, increased angiogenesis, and modified
cell-mediated immunity, all of which result in tumor growth and heightened tumor
vascularization [9]. With regard to pro-inflammatory properties of the microbiota, it is
noteworthy that about 15 bacteria, either directly or indirectly, increase systemic inflammation.
All of these organisms are Gram-negative bacteria, and some of them increase Toll-like
receptors and secrete lipopolysaccharides, which contributes to inflammation that promots

tumorigenesis [10].

At the same time, the microbiome contributes to host defense, decreasing inflammation.
Pathogenic bacteria produce small molecules interfering with tumor colonization. Most
transcriptionally distinct genes dysregulated in cancer were enriched in functions controlling
cell proliferation and death, migration, and cytoskeleton rearrangements. The processes
affected by these genes complement what is already known regarding the criteria for tumor
aggressiveness [11]. This suggests that interactors, through their metatranscriptome, represent
a valuable source of diverse cancer development biomarkers. Recent results have highlighted
the negative impact of antibiotics targeting the intratumoral pool of bacteria with a subsequent
uncontrolled tumor progression. A strong link was found between higher levels of certain oral

bacteria and lower chances of survival without disease progression in people with advanced
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colorectal cancer [12]. Consequently, disruptions of the balance of oral flora seem to be a candid

explanation for these observations. In a recent study, researchers have identified the strength of
the oncological outcome by the oral flora, in particular, the tongue and the M5 site where certain
germs were found to have an unfavorable outcome on survival. That is to say, unlike serum,
mixed saliva partially depicts the systemic response and highlights the possibility of several
future tumor sites being located in the upper gastrointestinal tract. Overall, these results provide
a supplement to blood biomarkers allowing metastasis detection and suggest that measuring

mouth saliva could improve cancer staging and anticipate progression/resistance [13].

2.2. Tumor Growth and the Role of Different Bacterial Species

Bacteria play an integral role in tumor growth dynamics. The introduction of harmful
bacteria into animal models with tumors accelerates tumor progression, primarily due to chronic
inflammation, cytokine production that promotes tumor growth, and suppression of the immune
response. For example, mice infected with Helicobacter hepaticus develop liver and colon
tumors through IL-6 and TNF-a pathways. Additionally, Fusobacterium nucleatum enhances
colorectal cancer growth by affecting immune cell infiltration and B-catenin signaling, with
tumors growing faster than in germ-free models, which demonstrate a significant decrease in
tumor progression and metastases, emphasizing a role of bacteria in modulating the tumor
microenvironment and thus having a direct impact on cancer progression. Few studies offer an
experimental point of view on bacteria [14]. Bifidobacteria are a genus of anaerobic non-motile
bacteria that are recognized for their ability to modulate immune checkpoints and are crucial
for cancer immunotherapy response. However, they are commonly obtained through dietary
changes and probiotic supplements, and a number of clinical trials have linked high levels to a

better prognosis for breast cancer patients [15].

Experimental models have shown that certain species of Pseudomonas, notably P.
aeruginosa, can emit cytotoxic chemicals and immune-stimulating molecules, which have anti-
tumor properties. Antimicrobial substances produced by these bacteria inhibit the growth of
competing germs; this finding has the potential to lessen the prevalence of antibiotic resistance
in bacterial populations. In this case, the number of bacteria comes into play: at lower
concentrations, other bacteria can reproduce faster than Pseudomonas and thus limit its actions.
The interaction between gut bacteria, tumour growth, and the human immune system affects
their overall dynamic [16]. A closed bacterial system delivered in a clinical model to patients
was shown to not affect tumor progression in a trial. However, optimal therapeutic

concentrations without compromising patient safety are a challenge, as clinical investigations
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have demonstrated that bacterial levels achieved in vivo often remain below the cytotoxic

threshold needed for effective tumor destruction, even at higher oral or intravenous doses. It is
unclear whether potential pharmaceutical intervention or bacterial cocktails can only target
cancer-related bacteria and optimize the healing process. Hence, it is of critical importance to
investigate bacterial dynamic interactions in order to model and ultimately use them as effective

interventions [17].

3. Methods of Studying Bacterial Species in Cancer Prognosis

Several sequencing-based methods have allowed detection and characterization of bacterial
communities within tumor environments. Targeted sequencing approaches such as rRNA
analysis have been used extensively to profile the microbial taxa present in cancerous lesions.
While rRNA profiling methods do not allow for the resolution of bacteria at the species level
and provide limited functional information, they can be useful for preliminary studies
identifying microbiome differences in patient groups [18]. Importantly, using advanced
genomic technologies, such as whole-genome shotgun sequencing, investigators can profile the
diversity and abundance of all microorganisms within a given sample. More advanced methods
employing host sequence depletion have also been described to afford even greater coverage of

bacterial species present within a given context [19].

Animal models have become a more frequently utilized tool to study cancer-associated
microbiota. Gnotobiotic animals, which are born and raised in germ-free conditions, can be
colonized with known bacterial species of interest, providing interactions with the host and
potentially driving other important pro- and antitumor phenotypes [20]. In order to model
complex human environments, future studies should integrate a variety of methodological
approaches from in vitro systems to in vivo animals to provide a holistic understanding.
However, there are a number of limitations to utilizing animal models of bacterial interaction
in cancer research, including microbiome differences in very different gut habitats between
humans and traditional laboratory mice, as well as the reproducibility, interpretation, and

translational potential of some previous results [21].

3.1. Sequencing Techniques

In the last few years, several technological advances have revolutionized microbiome or
metagenomic studies. Among the most powerful techniques, the 16S rRNA gene is currently
the most widely utilized molecular marker to estimate both the composition and the diversity

of the associated bacterial communities. In contrast, whole-genome sequencing can quantify
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differences in function, gene content, and genomic potential of the observed microbial taxa

[22]. The main advantages of using high-throughput sequencing for microbiome analysis are
its sensitivity, ability to explore the composition and genetic diversity of bacterial populations,
and capacity to reveal the complex molecular processes in which bacteria are involved. With
the use of reliable bioinformatics pipelines, taxonomic profiling and functional predictions are
achievable, potentially leading to the identification of possible biomarkers for cancer prognosis

[23].

The extensive use of high-throughput sequencing has revolutionized microbiome analysis
in clinical practice, as well as in exposure research. Several challenges exist, however, when
determining the taxonomic composition of bacterial communities by comparing sequencing
data alone, including contamination and amplification of synthetic oligonucleotides. Moreover,
the potential for error underlying next-generation sequencing should be clearly stated. When
applying high-throughput sequencing analyses to investigate the role of bacterial communities
as possible early predictors of cancer, a complex interpretation process is essential, which
reflects the rate of turnover of the microbial population based on changes in its host's biology.
Currently, although pilot studies have been performed, results from high-throughput

sequencing have not been applied to cancer prognosis [24].

3.2. Animal Models

Animal models allow investigation of the interactions between bacteria and cancer under
controlled conditions. Numerous different animal models exist, including germ-free mice,
which are devoid of all microorganisms, and gnotobiotic mice, which can be colonized with
unique bacterial communities. Gnotobiotic and germ-free models have been extensively used
in order to understand the influences of the microbiome on host physiology [25]. From the study
of microbiota composition to functional properties and mechanisms, animal models are directly
related to the recruitment of experimental conditions to implications that mimic naturally
occurring human scenarios. It is important to note, however, the limitations of these models,
because of variations in immunological function, tumor biology, microbiome makeup, and
metabolic responses between species, there is a certain amount of uncertainty and danger when
results from animal models are applied to human cancer. Because of these differences, as well
as the factors discussed in Section 3.1, results in humans may vary greatly from those in

preclinical animal studies [26].
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It is paramount that observations at the murine level can be validated with evidence in human

data because the development and clinical innovation of bacterial therapies would be targeted
at human cancer. Recent announcements of interest in sequencing the tumor microbiome in
murine strains as a part of a Pre-Clinical Development Service program are a clear
acknowledgment that animal models are still relevant in contemporary cancer microbiome
research. Nonetheless, there are also practical and ethical considerations for extrapolating to
human studies. The design of rodent trials, their potential mechanisms of action, and the
regulation of trials that utilize bacteria as interventions are discussed in more detail in the
following sections. Additionally, larger mammals can provide a good middle ground between
murine and clinical research, though at greater expense, plus regulatory oversight and ethical

considerations surrounding their use [27].

4. Clinical Implications of Bacterial Species in Cancer Prognosis

Understanding the role of certain bacterial species with clear oncogenic mechanisms in the
context of cancer patient outcomes and treatment begins to directly meet clinicians’ interests so
that patients can be stratified into risk groups or exhaustively monitored high-risk patients,
altering their prognosis by developing biomarkers. In addition, certain bacterial species with
specific types of cancer predispose to certain types of prognosis, such as sepsis and other
inflammatory diseases. Finally, evidence suggests that the patient’s initial microbiome
composition can predispose certain cancers to respond poorly to some therapies due to related
mechanisms, offering possible therapeutic options. Based on that, patients showing changes in
initial microbiome composition could be candidates for probiotic or antibiotic-tailored therapies
that would also enhance treatment response, such as rebuilding the altered microbiome in

autologous fecal microbiome transplantation [28].

The depletion or addition of commensal and non-commensal bacteria to the microbiome
using antibiotics or pre- and probiotics to promote intense host-wide immune responses and
alter immune memory could enhance treatment responses forthwith and maintain ongoing
immunity to prevent repeated relapse for months or years. Possibly, cancer patients can begin
several weeks or months before the administration of particular antitumor therapy with
adjunctive treatments that first alter the immune repertoire. Particularly, the complex bacterial
exposure history of myeloid-derived suppressor cells and tumor-associated macrophage
immunosuppressive activities can be changed by the prescribed probiotics or targeted narrow-
spectrum or combination antibiotics. In particular, the response to checkpoint therapy seems to

be very quick when the treatment is given, offering an opportunity to attract those who will
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treat it or to treat patients who respond to moderate and poor results, to those who become

resistant after receiving immunotherapy for some time. It has been shown that certain bacterial
species influence the immune response in cancer patients, especially those who have received
radiotherapy and checkpoint inhibitors. It is crucial that all findings are validated in clinical
trials to directly monitor and influence patient outcomes in oncologic clinical practice. More
and more data shows that the human microbiome is important. We need to include microbiome

research more in cancer care and research [29].

4.1. Therapeutic Opportunities

Although removing certain types of bacteria may have some bad effects on health, research
shows that this can help cancer patients live longer. The recommendation is that specific
antibacterials could be developed that could be administered in this capacity so that they do not
contribute to or cause dysbiosis. Improved local delivery of already active compounds for
cancer therapy by specific bacterial strains could be very interesting. Microbials are usually
expected as adjuvant cancer treatment agents, and data have shown that they show little efficacy
as a monotherapy [30]. Recombinant bacterial strains that can be a virulent, can be
heterologously expressing certain genes, and could serve as a prospective novelty for future
therapy may transform localized cancer into a tumor necrosis factor that derives a host immune
response against non-targeted solid tumors. In addition to this local approach, based on TME
targeting or adoptive cell therapy, multiple other engineered bacteria could also be given as a
systemic approach to treat disseminated cancer. Interestingly, researchers have reported
engineered Lp that have potential usage in the local treatment of carcinoma and melanoma.
These enzymes could also be active in other solid tumors, such as liver cancer, which have
developed immune escape mechanisms by increasing PD-L1 and TILT, another favorable
aspect of Ovs (Figure 1). Sporadic reports have shown surprising results, such as Lactobacillus-
based treatment showing better responses than PD-1 blockade alone in mice with melanoma
and Listeria monocytogenes infecting brain tumors with fair prognosis, showing it as a novel
method in glioblastoma treatment. Moreover, several clinical data make it possible to use
bacteria that improve immunotherapy and chemotherapy responses, but this data is limited, and

the use of bacteria to improve cancer responses is a part of an unknown field [31].

By using these strategies and information, harmful bacteria can be reduced in the gut that
can lead to cancer, keep track of how the gut's bacteria change during cancer treatment, and
tackle the real challenges of using gut bacteria to guide cancer treatment. Based on the latest

findings, in this section, the recent studies on bacterial species and cancer have been descried
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that will be both effective methods to improve the responses of the bacteria to cancer and

chemotherapy and methods that will be developed in the near future. It should be kept in mind
that any bacteria could cause problems; also, reinforcement of one-way immune responses
could bring successful responses in patients who have less possibility of response to immune
checkpoints because of the composition of their personal microbiomes. Additionally, major

challenges to bring these bacterial therapies to the clinic are reported in this section [32].

Microbiome and the Anti-tumor Immune Response
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Figure 1. Proposed pathways linking the microbiome, immune modulation, and tumor

progression.

4.2. Diagnostic Biomarkers
It is widely acknowledged that knowledge of the microbiome can help deliver biological
meaning because some findings are related to changes in its composition, particularly to the

increase of specific bacteria known as pathogens and vice versa. Many studies have found that

.
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

177



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Mohammed S. Abbas. / Al-Kitab Journal for Pure Sciences (2026); 10(2):168-183.
e —

the makeup of gut bacteria changes in cancer patients, no matter what type of cancer they have.

This has led some experts to think it could be used to help diagnose cancer. In fact, these shifts
can distinguish neoplastic subjects from healthy individuals, allowing the research community
to propose a new route for the development of non-invasive test technologies specifically for
early cancer detection. Moreover, the microbial composition, considered as the "cancer
microbiome signature," can distinguish among different types of neoplasms and is often linked
to tumor progression features and host response [33]|. These results support microbiome
contribution due to host-tumor adaptation that is leading to a specific tumor immune detection
and response. Additionally, this knowledge opens the door to new treatment approaches that
target the microbiome to improve its ability to regulate immune recognition in the tumor
microenvironment. To prevent immune evasion mechanisms acquired from tumors and restore
immune surveillance, it may be feasible to influence the makeup and activity of microbes.
Improving early cancer diagnosis through research into bacteria is driving idea that many
emerging microbiome signatures are hoping to ultimately know as diagnostic markers. Indeed,
many manuscripts have been published on this issue. However, in order to promote the clinical
applicability of biomarkers, their interest and potential should be examined, meaning that they
should be independently validated following an undisputed methodological design, compared
to other validated markers and, if possible, subjected to laboratory standardization series across
the different clinical levels and hospitals. In the case of bacterial signatures, this would involve
sampling and analysis laboratories, technological platforms employed for the massive
sequencing of the DNA, and bioinformatic pipelines and tools currently used for microbiota

analysis [34].

The standardization of these techniques is necessary, especially for a predictive, preventive,
and personalized medicine approach. However, moving the human healthcare cost-related
microbiomics diagnosis towards an innovative approach would require changes at the hospital
level. Furthermore, investment in technology and software platforms is necessary to keep the
use of microbial patterns at a low cost, whether in research or therapeutic use. Many studies
have been done recently on how certain germs in our bodies might help diagnose diseases, but
not many of these findings have been used in hospitals or clinics. These have already led to the
development of a color-based kit as a diagnostic marker, bacteria associated with liver disease
relying on bile acids profiling, and the development of a predictive model of variations in the
levels of some positive predictive markers in advanced fibrosis. Concerning the oncology field

and the functional validation of selected species for therapy, trials are ongoing [35]. Therefore,
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moving forward, significant gaps in the understanding of the mechanisms of action,

pharmacokinetics/pharmacodynamics, and toxicity remain to be filled. The majority of
microbiome research articles have suggested that modifications in the abundance of specific
bacterial species are clearly associated with the presence of cancer. They might one day serve

as the right source for developing a non-invasive diagnosis in cancer [32],[36]

S. Future Avenues of Research and Emerging Opportunities

As can be seen, there is enormous potential for future studies investigating the prognostic
implications of microbial species in cancer prognosis. However, in order to achieve significant
results in this field, an interdisciplinary approach is needed that binds the knowledge of
microbiology and cancer research. Future large cohort studies could provide the much-advised
power to further elucidate the complex dynamics and interactions between the microbiota and
cancer. For this, a significant partnership will be needed between researchers, clinicians, and
industry stakeholders. As a start, this approach will also have the potential to fill in the blanks
of currently known and less known, usually recognized cancers' bacterial species [37]. Along
with these subjects, there is a paucity of knowledge concerning the linkage that bacterial species
may hold with rarer types of cancer, as there are no or very few studies about them. Because of
this, all the possible ways that microbiota can affect cancer could be studied in order to have a
more comprehensive picture. In addition to identification, longitudinal studies should also be
undertaken to monitor changing trends of microbial composition over time through the
carcinogenic process. In contrast to this speculation, it should also be assessed whether fecal,
serum, or tissue bacterial species, when diagnosed, indicate a non-pathogenic composition and,
therefore, are not harmonized with the pathological basis in the case of different types of cancer,
which are known as confounding factors. Furthermore, because the gut-brain axis has a close
relationship with cancer, the effect of the axis on the outcome of cancer is another noteworthy
point [38]. Due to the paucity of research on the relationship between bacteria and general

health, it is necessary to investigate the role of the microbiota in cancer outcomes|39].

6. Conclusions

The interaction between the human microbiome and cancer progression represents a critical
frontier in oncology. Specific bacterial taxa influence tumor initiation, immune modulation, and
treatment response, offering new opportunities for diagnostic and therapeutic innovation.
Incorporating microbiome profiling into cancer care could enable personalized treatment
selection and early detection of resistance. However, progress toward clinical translation

requires methodological standardization, large-scale validation, and elucidation of causal
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mechanisms. Future studies should focus on longitudinal and interventional designs to integrate

microbiome-based diagnostics and therapeutics into precision oncology, ultimately improving

patient outcomes.
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Abstract:

This study was carried out to assess the effects of Berberis vulgaris fruit extract and
metformin on maternal metabolic parameters, fetal growth and organ development under the
condition of gestational diabetes in albino rats. Gestational diabetes has been induced with a
high-fat/ high-sugar diet(HFHS diet) that was followed by administration of streptozotocin.
Pregnant rats were divided into 5 groups: control, HFHS diet, HFHS + metformin, HFHS +
barberry extract, and HFHS + metformin + barberry extract. Maternal body weight, fasting
blood glucose and insulin resistance were measured as well as fetal growth and placental
efficiency. Histological study of fetal kidneys and skeletal staining was carried out in order to
assess organ development and skeletal development. Results showed that the HFHS diet caused
maternal hyperglycemia, insensitivity to insulin, deficiency in placental growth and organ
abnormalities in fetuses. Both metformin and barberry extract alone improved maternal
metabolic profiles and fetal outcomes, however, the combination of both had the greatest
improvements including normalized glucose levels in maternal blood, improved fetal growth,

and near complete normalization of kidney histology and skeletal ossification. These results
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indicate the synergistic effect of barberry extract and metformin for reducing the negative

impact of gestational diabetes on fetal development.

Keywords: Metformin, Gestational diabetes, Barberry, Fruit, kidney.
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1. Introduction:

Diabetes in pregnancy is a major maternal and fetal health problem that impacts the
organogenesis and general development of the fetus [1;2]. Gestational hyperglycemia is
connected with the presence of oxidative stress and the disruption of the expression of genes and
metabolic imbalance which can lead to the development of congenital malformation such as
defects of the neural tube, heart, and skeletal system during early pregnancy [3]. Later on,

uncontrolled maternal hyperglycemia may result in macrosomia, intrauterine growth retardation
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and preterm births[4]. These complications highlight the significance of proper glycemic control

during pregnancy in order to facilitate the best fetus outcome [5].

Metformin is a common pharmacological agent in the management of blood glucose levels
among people who have type 2 diabetes and gestational diabetes [6]. It reduces glucose levels
by a variety of processes, including the hepatic gluconeogenesis inhibition, increased peripheral
glucose uptake and activation of AMP-activated protein kinase (AMPK), which is a marketer of
cellular energy homeostasis [7]. Also, metformin decreases intestinal glucose absorption which
helps to regulate postprandial spikes in glucose levels. Although this treatment is effective, more
interest is on natural-based complementary and alternative treatments that could have some other

metabolic advantages with fewer side effects [8].

Among promising natural agents, there is barberry (Berberis vulgaris), a natural plant,
which is a member of the family Berberidaceae and contains such pharmacologically active
compounds as berberine, berbamine and jatrorrhizine [9]. The compounds have hypoglycemic,
hypolipidemic, antioxidant, anti-inflammatory and antimicrobial properties. Particularly,
berberine was also found to induce greater sensitivity to insulin, lower cholesterol, and protect
the organs against oxidative stress [10]. Barberry extract is a possible therapy to be used
alongside traditional antidiabetic agents in pregnancy due to its complex pharmacological
characteristics [11]. The current study will examine the effects of barberry fruit extract as a
mono and as a combination with metformin on maternal metabolic health, fetal growth,
placental performance and organ development on a rat gestation diabetes model. Through
discussion on biochemical, histological, and skeletal parameters, this study aims at giving an
understanding of the possible synergistic effects, in terms of the combination of the
conventional pharmacotherapy and plant-derived bioactive compounds in the future, in dose of
providing safer and more effective management measures against gestational diabetes and its

negative impact on offspring development.

2. Material and methods:

2.1. Experimental animals and housing conditions

The age-matched adult albino rats (10-week old) of both sexes and with similar body weights
were acquired in the College of Veterinary Medicine of Tikrit University. The animals were
kept in normal laboratory conditions and allowed to acclimatize after which the experiment

started. During the study, rats were allowed to have access to food and water freely.
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2.2. Experimental design

* both metformin and barberry extract.

Pregnant rats were randomly separated into 5 experimental groups (n= 6/group) as follows:

e Control group: fed a regular laboratory diet.

HFHS group: Nourished on a high-fat, high-sugar diet.

e HFHS + Metformin group: fed the HFHS diet, metformin.

e HFHS + Barberry extract group: was administered HFHS diet and barberry extract.

e HFHS + Metformin + Barberry extract group: fed the HFHS diet and both Metformin

and barberry extract were given

2.3. Dietary regimen and induction of gestational diabetes

Rats were placed on a high-fat, high-sugar (HFHS) diet for six weeks. The HFHS diet was
composed of 66.5% normal diet, 10% animal fat, 2.5% cholesterol, 20% carbohydrate, Sucrose,
and 1% chocolate. Following the dietary period mating was conducted and pregnancy was
confirmed by the presence of a vaginal plug. The experiment did not include the non-pregnant
females. A single intraperitoneal injection of streptozotocin (25mg/kg body weight) freshly

dissolved in 0.1 M sodium citrate buffer [12] was used to induce gestational diabetes.

2.4. Barberry fruit extract and metformin preparation and administration.

The fresh berries of barberry (Berberis spp.) were picked, dried in the air, and pulverized
into a fine powder. One hundred and fifty g of the powder were put in 500 mL of distilled water
and allowed to soak in the water for three days after which they were filtered through regular
filter paper. The filtrate was further concentrated in a water bath at 70 o C over two days and
further evaporated through a rotary evaporator to eliminate the remaining solvent. The extract
obtained was kept at 4 o C waiting to be used. The barberry extract was orally administered at
a dose of 500 mg/kg body weight in normal saline (Ashraf et al., 2014). The metformin tablets
were dissolved in normal saline and given to the subjects orally at a dosage of 15 mg/kg body

weight [13].
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2.5. Body weight measurement

The body weights of the mothers were obtained at the expiry of pregnancy. At gestational
day 19, the fetuses were pooled and weighted at a sensitive and precise digital balance at an

individual level.

2.6. Biochemical measurements related to diabetes

Blood samples were also collected by cardiac puncture after 12 hours of fasting in pregnant
rats. Standard glucometer was used to assess the level of fasting blood glucose. Serum was
centrifuged and assayed on insulin through ELISA assay. The insulin resistance was measured
by determining the homeostasis model assessment of insulin resistance (HOMA-IR) by using

the standard equation[14].

2.7. Histological examination

At gestational day 19, embryos were dissected and kidneys were excised and fixed in 10%
neutral buffer formalin. Tissues were dried with the use of a graded ethanol, xylene cleared and
embedded in paraffin wax [15]. Slices that are 5 mm thick were made with a microtome, placed
on glass slides, and stained with hematoxylin and eosin (H&E). A light microscope was used

to investigate and record the changes in the histology [16].

2.8. Embryonic skeletal staining

Embryos had been incubated in ethyl alcohol for a few days followed by transfer to acetone.
Embryos were stained with Alizarin Red and Alcian Blue following the removal of the skin
carefully, in order to visualize ossified bone and cartilage respectively. Specimens were then
cleared using potassium hydroxide solution and then using different concentration of potassium
hydroxide and glycerol. The skeletons were finally stained, kept in glycerol and photographed

with a micro-camera [17].

2.9. Statistical Analysis

The SPSS was used to analyze the data and present them as mean plus SE. One-way
ANOVA was the appropriate method of group comparison. A p < 0.05 was taken to be

statistically significant.
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2.10. Ethical approval

The experimental procedures were conducted as per the ethical principles of handling and
use of laboratory animals. The protocol of the study was accepted by the Scientific Research
Ethics Committee of the Department of Life Sciences, College of Education, University of

Kirkuk.

3. Results:

3.1. Maternal body weight and metabolic values

The high-fat, high-sugar (HFHS) diet had a significant impact on maternal metabolic
parameters as shown in Table 1. There was a significant maternal body weight increase in the
HFHS group as opposed to the control group (p < 0.05). Conversely, metformin and barberry
extract treatment, and especially in the combined treatment group ( HFHS + M + B)[18] led to
a massive decline in maternal body weight as compared to the HFHS group and the single
treatment groups (Table 1, Figures 1,2).

The levels of fasting blood glucose (FBG) were significantly high in the HFHS group

compared to the control group which validated the induction of gestational diabetes[19].
Metformin/barberry extract alone administration was significant in reducing the FBG levels but
the highest reduction was observed within the combined treatment group that exhibited much
lower levels of FBG than in the remaining treated groups[20]
In the same way, insulin resistance, as determined by the HOMA-IR index was also high in the
HFHS compared to all other groups. The control group and the combined treatment group
showed significantly lower HOMA-IR values than the control group and the metformin-only
and barberry-only groups, which is an indication of a better insulin sensitivity after the
combined treatment [21] (Table 1).

Table 1. Effect of metformin and barberry extract on maternal metabolic parameters

Group Body weight at pregnancy (g) Fasting blood glucose HOMA-IR
(mg/dL)

Control 270 £ 0.28¢ 85+ 0.0164 1.4+0.18¢

HFHS 334 +£0.732 154 £ 041 5.6 +0.422

HFHS + Metformin 298 + 0.54° 110+ 0.23° 3.1+£0.29°

HFHS + Barberry 321 +0.672 136 + 0.342b 4.7+0.37:0

HFHS + Metformin + Barberry 282 + 0.41¢ 98 +£0.20¢ 2.6 £0.23¢

Values are stated as mean =SE.
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The presence of different letters in the same column as a superscript suggests substantial

differences below p < 0.05.

Gestational Diabetes

B High Blood Sugar
Oxidative Stress *-g '.
- .

Figure 1. Figure illustrating effects of gestational diabetes on maternal and fetal should health

and protective effects of Metformin and barberry extract
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Figure 2. Effects of treatments on pregnancy body weight,fasting glucose and HOMA-IR

3.2. Parameters of fetal growth and placental index
The metabolic status of the mother had a significant impact on fetal growth parameters. The
HFHS group showed a significant increase in fetal body weight relative to the control, meaning

that the abnormal growth of fetuses has been related to maternal hyperglycemia(Figure 1). The

L
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use of metformin or barberry extract partially normalized the fetal body weight and the

combined treatment group (HFHS + M + B) had fetal weight that was not significantly different
than those in the control group [22].

The placental index showed that there was a great reduction of the placental index in the
HFHS group as compared to the control group indicating the maldevelopment of the placenta
in diabetic conditions. It is important to note that the combined treatment group had a
remarkable rise in placental index relative to both HFHS group and single-treatment groups

indicating an enhancement of placental efficiency and fetal-maternal exchange [23] (Table 2).

Table 2. Effect of metformin and barberry extract on fetal growth and placental index

Group Fetal body weight (g) Placental index
Control 2.78 +0.51¢ 8+0.32
HFHS 4.14 £0.302 4+0.09
HFHS + Metformin 3.70 £ 0.16¢ 6+0.19
HFHS + Barberry 3.92+£0.18" 5+0.13
HFHS + Metformin + Barberry 3.14 + (.23« 7+0.25

Values are conveyed as mean = SE

The significant differences at p < 0.05 are indicated by different superscript letters.
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Figure 3. Effects of treatments on fetal body weight and placental index
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3.3. Histological assessment of fetal kidney development

The histological analysis of fetal kidneys showed that there are significant differences within
the experimental groups as depicted in Figure 4 (A—E). Kidney sections in the control group
exhibited normal renal architecture with well-developed glomeruli, clearly identified Bowman
space and normal distribution of erythrocytes in glomerular capillaries. The proximal and distal

renal tubules were easily identifiable and intact (Figure 4A).

AN 7 TG L8 e P

Figure 4 A : Control fetal kidney (normal histology)

Conversely, severe histopathological changes which were cellular degeneration and necrosis
were observed in the HFHS group. Gomeruli were not well differentiated, Bowman space was
not found, and renal tubules looked chaotic and indistinct which signified severe damage to

renal development in diabetic cases (Figure 4 B) .

Figure 4 B. HFHS fetal kidney (severe histopathological alterations)
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Partial histological improvement was found in the HFHS + Metformin group. It was

possible to identify but shrunk glomeruli with partial recovery of Bowman space and
erythrocyte distribution. Renal tubules were also still impacted but more noticeable as

compared to the HFHS group (Figure 4C) .

Figure 4C. HFHS + Metformin fetal kidney (partial histological improvement)

Kidney slices of HFHS + Barberry extract group were even better than HFHS group. The
distinctions between glomeruli were also better defined, and the space between Bowman had
not been completely regained. Proximal and distal tubules could be observed and had narrowed

or partially blocked lumen (Figure 4D).

Figure 4D. HFHS + Barberry extract fetal kidney (moderate histological recovery)

HFHS + Metformin + Barberry extract group showed the greatest histological recovery

following the control group. Gomeruli were almost of normal size and structure and Bowman
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space was evident and renal tubules with well-defined lumens with minimum pathological

alterations (Figure 4E) could be observed.
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Figure 4E. HFHS + Metformin + Barberry extract fetal kidney (near-normal histology)
3.4. Embryonic skeletal development

The bone staining in Figure 5 showed that there were clear changes in the ossification
patterns between the experiment groups. The embryos in the control group depicted normal
formation of the bones in which the ossified structures showed strong dark red staining and
certain bone and cartilage differentiation.

Contrary to this, the embryos in the HFHS group were significantly less stained, which
means that the ossification was delayed and impaired. This was especially noticeable in the
skull bones, the forelimbs, hindlimbs and the area of the tail which is an adverse outcome of
maternal diabetes on skeletal formation.

Embryos of the metformin- and barberry-treated embryos showed some improvement in
the skeletal ossification, and the bone staining was more intense in these groups than in the
HFHS group. It is worth noting that the skeletal development pattern of the embryos in the
combined treatment group was nearly similar to that of the control group with superior

ossification and better bone-cartilage differentiation.
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Metformin + Barberry Metformin group group group
Barberry group

Figure 5. Ossification of skeletal structural organs in various experimental groups after

staining with Alizarin red and Alcian blue.

4. Discussion

Gestational diabetes is a complex metabolic syndrome, which is characterized by
hyperglycemia, insulin resistance, and oxidative stress in the mother [24]. This kind of
metabolic perturbation can disrupt normal fetal development and organogenesis in multiple
ways including excessive production of reactive oxygen species (ROS), mitochondrial
dysfunction and altered expression of genes in developing tissues [25]. The increased oxidative
conditions in the maternal blood can impair the functioning of the placenta causing the placental
failure to transport nutrients and oxygen and hence the development of fetal growth and organ
maturation [26]. Furthermore, the endoplasmic reticulum stress and inflammatory signaling
cascaded by hyperglycemia may disrupt appropriate differentiation of renal and skeletal tissue
in developing organs, which shows the susceptibility of the developing organs during the
critical gestation phases [27].

The pharmacological treatment of gestational diabetes with metformin is associated with a
significant level of benefits because of its multimodal effects on glucose homeostasis[28]. The
main mechanism of action of metformin is prevention of hepatic gluconeogenesis, stimulation
of peripheral glucose uptake, and activation of AMP-activated protein kinase (AMPK) which

is a key controller of cellular energy homeostasis [29]. AMPK activation has shown not only
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to cut down hepatic glucose levels, but also to increase mitochondrial lipid metabolism, reduce

oxidative stress and stimulate mitochondrial biogenesis [30;31]. These processes combine to
create a better intrauterine environment that is useful in the development of the fetal organs and
prevents developmental abnormalities [32]. Also, the influence of metformin in lowering the
intestinal glucose uptake modulates postprandial glycemic fluctuations, which further
safeguard the fetus against the changes in glucose levels that may cause metabolic stress in the
fetus [33].

Complementary natural therapies are becoming more and more popular as having the

potential to reduce diabetic complications by their antioxidant, anti-inflammatory, and
metabolic modulatory activities. The promising candidate is barberry (Berberis vulgaris)
because of the presence of bioactive alkaloids, such as berberine, berbamine, and jatrorrhizine
[34]. Berberine has been demonstrated as an improved insulin sensitivity and glucose
transporter activity and lipid metabolism through AMPK-dependent and independent
mechanisms [35]. Moreover, its antioxidant effect prevents ROS-induced injury of mother and
fetal tissues, and prevents structural and functional defects in organs like the kidney [36].
It is theoretically beneficial that metformin and barberry extract be used in combination because
they may work synergistically [37]. Although the metformin drug is mainly aimed at hepatic
glucose production and systemic metabolic control, barberry bioactive compounds are
considered to give extra antioxidant and anti-inflammatory effects [38]. This twofold solution
can improve maternal insulin response, stabilize the glycemic conditions, and reduce the level
of oxidative stress to build optimal conditions to support fetal organogenesis and skeletal
development [39]. In addition, the efficiency of the placenta may also be improved due to the
alleviation of disturbances in maternal metabolism and reduction in the levels of inflammatory
mediators, which would allow the placenta to transfer nutrients more effectively and would
support the growth and development of the fetus [40].

The fetuses under development are incredibly vulnerable to the metabolic conditions of the
mother in regard to histological and skeletal integrity [41]. Interference in the differentiation
and mineralization process of renal and skeletal tissues can be caused by hyperglycemia and
oxidative stress [42]. Protective replacement of the lost redox equilibrium, glucose control and
inflammatory state can therefore be used to preserve normal tissue structure and function [43].
These trends have implied that the effectiveness of the combination of the traditional
pharmacological therapy with the bioactive components of the vegetable origin may be
employed to enhance the fetal tolerance of the adverse intrauterine conditions of the gestational

diabetic complication [44;45].
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5. Conclusions

Gestational diabetes has an adverse impact on maternal metabolism and unborn child
development by impacting hyperglycemia, insulin resistance, and oxidative stress. Metformin
and barberry fruit extract combination is complementary to bring about better metabolic
balance, placental functions, and preserve the development of fetal organs and skeletal
structures. This integrated intervention is possibly a promising solution to the problem of
decreasing complications associated with gestational diabetes and positively influencing the

outcomes of pregnancy.
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Abstract:

The objective of this study was to investigate how muscle-related enzymes, i.e., creatine kinase
(CK) and lactate dehydrogenase (LDH), depend on various degrees of physical exercise
intensity in apparently healthy individuals. The study participants, 180 in number, between 20
and 50 years old, were selected from Kirkuk city and divided into three groups according to
their physical activity: sedentary, moderately active, and highly active. Blood was taken before
and 30 minutes after exercise in the active groups, and serum creatine kinase and lactate
dehydrogenase levels were determined. In addition, heart rate and blood lactate concentrations

were measured.

There was no significant difference between the two groups in terms of initial levels of CK and
LDH enzymes, i.e., (p > 0.05). However, after exercise, there was a significant increase in levels
of CK and LDH enzymes in moderate and high activity groups, i.e., (p < 0.001), with higher

levels of enzymes in highly active individuals.
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The increase in CK levels is related to muscle stress during exercise and is a result of temporary

changes in cell membrane permeability, and the increase in LDH levels relates to increased
demand during exercise. This combination of markers gives a picture of what happens in terms

of structure and metabolism in the muscles.

Keywords: Creatine Kinase (CK), Lactate Dehydrogenase (LDH), Muscle Enzymes, Muscle

Stress, Anaerobic Metabolism.
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1. Introduction:

Exercise is one of the pillars of human health, which aids in the maintenance of metabolic

homeostasis, heart performance, and skeletal health[1]. Exercise is characterized by repeated
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contracting and relaxation of skeletal muscles causing mechanical, metabolic and oxidative

stress to muscle fibres[2]. These stressors may cause temporary structural perturbation of the
muscle cells which causes the extraction of intracellular components into the blood[3].

The creatine kinase (CK) and lactate dehydrogenase (LDH) are some of the most frequently
studied biochemical markers of muscle stress and damage[4]. Creatine kinase is a mitochondrial
and cytosolic enzyme which catalyzes the reversible phosphate group exchange of phosphocreatine to
ADP [5]. Damage to muscle fibers is strongly associated with elevated serum CK levels following high-
intensity exercise [6]. Lactate dehydrogenase, nevertheless, is a significant enzyme related to
anaerobic metabolism[7]. It catalyzes the conversion of pyruvate and lactate to allow glycolysis
to take place in the anaerobic state[8]. High level of LDH indicates high metabolic demand and
cell membrane permeability changes during as well as after physical exercise[9].The increase
in CK and LDH with exercise is related to several factors including exercise intensity, length
and type of exercise (aerobic or anaerobic) and the fitness of the individual[10]. Intensive bouts
of vigorous exercise typically cause significant changes in these enzymes but long-term training
of the body to exercise leads to adaptation which restricts the amount of leakage of these
enzymes[11].

The response of CK and LDH to physical activity is important because it can be used to assess
muscle damage and recovery as well as to increase athletic performance and avoid
overtraining[ 12]. Furthermore, these biomarkers have clinical relevance in diagnosing muscle-
related pathologies and monitoring rehabilitation processes[13].

Thus, the current research will explore the changes in serum CK and LDH alongside various

exercise amounts of physical activity among seemingly healthy adults.
2. Materials and Methods
2.1 Study Design

This study was designed as an analytical cross-sectional study to assess the effect of physical

activity intensity on muscle enzyme levels and physiological parameters.
2.2 Study Population and Sampling Site

This study comprised 180 apparently healthy subjects between 20 and 50 years of age. The
subjects were selected from private clinics and diagnostic laboratories in Kirkuk city, where

routine health check-ups and investigations are carried out.
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Participants were recruited with the assistance of medical staff in these institutions, this

facilitated access to participants with different physical activity levels.

All the participants were informed of the purposes of the study and informed verbal consent

was obtained prior to inclusion.
The physical activity level was used to group the subjects into three groups:
e Group I (Sedentary): Individuals with minimal or no regular physical activity

e Group II (Moderately active): Individuals performing moderate exercise 3—4 times per

week

e Group II (Highly active): Individuals engaged in intense physical training or

competitive sports

2.3 2.3 Inclusion Criteria

The participants in this study were apparently healthy adults without a history of long-term
illnesses. Participants were not taking any medications that could interfere with muscle
metabolism., and all individuals were non-smokers to limit the possible confounding variables

that may impact the study results.
2.4 Exclusion Criteria

The participants were not allowed to include those whose history included cardiovascular or
metabolic diseases, recent infections or inflammatory diseases, or any injury of the muscles
during the previous two weeks. Also, the participants taking antioxidant supplements or
performance-enhancing drugs were not part of the study in order to eliminate possible

interference with the biochemical parameters under study.
2.5 Data Collection

Data from all participants were collected using a comprehensive and standardized method. All
the participants were given a structured questionnaire which contained data on age, lifestyle
habits, and degree of physical activity. Also, general body composition was measured through
anthropometric measurements, body mass index (BMI). Physical activity levels were assessed
using a standardized physical activity scoring system to be able to classify the participants in a

consistent and reliable way in terms of their activity status.

2.6 Exercise Protocol
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Participants in the moderate and high activity groups performed supervised treadmill-based

exercise sessions under standardized conditions.

Participants in the moderate activity group performed 30 minutes of moderate-intensity
jogging at 60-70% of maximal predicted heart rate.

Participants in the high activity group performed 45 minutes of high-intensity interval running
at 80-90% of maximal predicted heart rate.

Heart rate was continuously monitored throughout the exercise sessions to ensure consistency

of exercise intensity.
2.7 Blood Sample Collection

Blood samples (5 mL) were collected from participants under standardized conditions. All the
individuals were sampled at a rest position (baseline), and the other sample was done 30 minutes
after the exercise, in the case of the participants in the active groups. Biochemical analysis was
performed on the collected serum samples.; therefore, their samples were centrifuged at 3000

rpm, 10 minutes to separate the serum.
2.8 Biochemical Analysis

Biochemical analysis was performed to evaluate the levels of muscle-related enzymes. Creatine
kinase (CK) was measured using an enzymatic UV kinetic method, and the results were
expressed in units per liter (U/L)[14]. Lactate dehydrogenase (LDH) levels were determined

using a spectrophotometric method, with results also expressed in units per liter (U/L).
2.9 Blood Lactate Measurement

Blood lactate levels were measured using a portable lactate analyzer. Capillary blood samples
were obtained from the fingertip under aseptic conditions. Baseline samples were collected
prior to exercise, and post-exercise samples were obtained within 5 minutes after exercise

completion. Lactate concentrations were expressed in mmol/L.

2.10 Heart Rate Measurement

Measurement of the heart rate was conducted with the aid of a digital heart monitor. Resting
heart rates were recorded after a 10-minute resting period in a sitting position, while the post-
exercise heart rates were recorded immediately after the completion of the session of exercises.

All the values of the heart rates were recorded in beats per minute (bpm).
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2.11 Statistical Analysis

Results were presented as mean and standard deviation. One-way ANOVA followed by
Tukey’s post hoc analysis was used to compare study groups. In addition, Pearson correlation
analysis was performed to evaluate the relationships between CK, LDH, heart rate, and blood
lactate levels. Differences were considered statistically significant when the p-value is < 0.05.

The selected parameters were CK, LDH, heart rate, and blood lactate.
3. Results and Discussion
3.1 Participant Characteristics

One hundred and eighty apparently healthy adults were used in the study, with equal
representation on each of the three groups on the basis of their physical activity levels; low
activity (n = 60), moderate activity (n = 60), and high activity (n = 60). Table 1summarizes the

demographics and anthropometric measurements of the participants(Figure 1).

Table 1 summarizes the demographic and anthropometric measurements of the participants.

Parameter Low Activity (n=60) Moderate Activity (n=60) High Activity (n=60)
Age (years) 342+7.1 33.8+6.5 345+7.0

BMI (kg/m?) 26.1+£3.2 25.5+£29 24.8+2.7

Gender (M/F) 30/30 30/30 30/30

All values are expressed as mean + SD.

The three groups were found not to have statistically significant differences based on age,
gender distribution, or BMI (p > 0.05), which means that the comparability of the baseline was
high. This homogeneity is essential in achieving the internal validity of the study since it
reduces the possibilities whereby confounding variables may obstruct the sampled biochemical

results[15].

The age is a well-known issue that can impact muscle metabolism and the activity enzymes
because physiological aging could influence muscle mass, muscle repair, and exercise-related
enzymatic reactions[16]. On the same note, it goes without saying that BMI has a close
relationship with body composition and metabolic status, which can influence pre and post
exercise levels of muscle related enzymes like CK and LDH[17]. These parameters indicate the

lack of notable differences between groups, which implies that the differences in enzyme levels
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in the later part of the study could be attributed with greater certainty to the physical activity

difference than to demographic or anthropometric differences between groups[18].

Values

Moderate
Activity Level

Figure 1 : Participant Characteristics (Age and BMI)

Also, males and females are distributed equally on each group of study and this minimizes any
sex-based bias possible[19]. This is especially so because hormonal dissimilarity and muscle
mass variation between the sexes can result in their enzyme excretion after the physical
activity[20]. The study achieves a balance of gender and therefore, increases reliability and

generalizability of the results[21].

In general, the similarity of the baseline traits of the study groups gives strong grounds to further
analyses and the suggestion that the reasons of the observed biochemical differences are the

differences in physical activity levels and not extrinsic confounding factors[22].
3.2 Creatine Kinase (CK) Levels

The baseline levels of CK were found to be similarly low in all the groups (Low: 112.5 + 28.4
U/L, Moderate: 115.7 + 30.1 U/L, High: 118.9 £+ 31.2 U/L), indicating the absence of pre-
existing muscle damage, as shown in Table 2. CK levels increased significantly in the moderate
and high physical activity groups, as shown in Figure 2. The CK increase after exercise is an
indication of exercise stress on muscle and temporary elevations of membrane permeability,
but not structural damage[23]. The higher enzyme levels observed in the high activity group

compared with the low activity group
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, indicates the relationship between the intensity of exercise and the releasing of muscle

enzymes[24].This suggests that CK is a sensitive indicator of acute muscular activity [25][26].

Table 2. CK levels (U/L) in study groups.

Group Baseline CK (U/L) Post-Exercise CK (U/L)
Low Activity 112.5+28.4 =

Moderate Activity 115.7 +30.1 1523 +35.6

High Activity 118.9+31.2 198.6 £40.2

200 - Il Baseline CK (U/L)
[ Post-Exercise CK (U/L)
175 1
150 4
125 4
3
2
— 100 -
[#]

75 +

Low Activity Moderate Activity High Activity

Figure 2 : Effect of Physical Activity on CK Levels
3.3 Lactate Dehydrogenase (LDH) Levels

LDH levels were significantly elevated. Baseline values were similar in low (210.3 £45.2 U/L),
moderate (212.5 + 46.1 U/L) and high activity groups (215.7 = 47.0 U/L) which means that
there were no pre-existing metabolic or muscular abnormalities. After exercises, the moderate
(245.7 £50.4 U/L) and high activity group (290.8 = 55.6 U/L) LDH levels were significantly
elevate significantly elevated (Table 3, Figure ¥).

The observed increase in LDH reflects increased metabolic demand and anaerobic energy
turnover in the course of bodily exercises. The LDH is, however, to be taken as a non-specific

signifier of tissue metabolic activity as it can be found in many tissues[27].
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These results are in accordance with former studies. As an example,[28] have recorded high

rises of LDH after high-intensity exercise with an increase reaching its highest point hours after
an exercise with the extent of anaerobic metabolism. On the same note, [29] is also noting that
repeated bouts of intense exercise by athletes portrayed significant post-exercise rises in LDH,
showing that LDH activity is sensitive to the intensity of exercises plus the duration. These
studies substantiate the idea that LDH can be considered an effective biomarker of the metabolic

stress under the influence of physical exercise[30].

Compared to CK, which is mainly the evidence of membrane disruption of the muscle fibers,
the increase of LDH might also indicate the presence of more lactate processing and turnover
because of the increased usage of anaerobic pathways[31]. The simultaneous conditions of both
markers indicate that extensive activity does not only question the muscle structural integrity,

but also considerably raises the metabolic load[32].

Monitoring of LDH and CK is a more complete evaluation of muscular response to exercise,
clinically. Unlike CK elevations, which can be used to determine muscle stress or microtrauma,
LDH alterations could provide information about metabolic and energetic loads on tissues[33].
This complementary profiling may be especially applied in an athletic training and
rehabilitation context, where the knowledge of the structural and metabolic responses to

exercise can be used to develop personalized training intensity and recovery protocols[34].

Table 3. LDH levels (U/L) in study groups

Group Baseline LDH (U/L) Post-Exercise LDH (U/L)
Low Activity 2103 +£45.2 —

Moderate Activity 212.5+46.1 245.7+50.4

High Activity 215.7+47.0 290.8 + 55.6
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B Post-exercise LDH
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Low Activity Moderate Activity High Activity

Activity level

Figure 3 : Effect of Physical Activity on LDH Levels
3.4 Integrated Interpretation

One-way ANOVA showed that there were significant differences in post exercise CK and LDH
levels between high and low activity groups ( p < 0.001), and post hoc tukey tests showed the
high activity participants had significantly higher levels of enzymes than low and moderate
activity participants and moderate activity participants differed significantly with low activity
participants ( p <0.05).This shows that the amount of physical exercise performed has a direct
and quantitative effect on the enzymes in the muscle, with the intensity of the exercise being
proportional to the increase in the levels of the enzymes, CK, and LDH[35]. The similarity in
the baseline values shows that the conditions are the same in all the groups, and the differences
are only because of the physical activity [36]. Note that the levels of CK and LDH are normally
expected to peak 24-48 hours after the exercise, and the 30-minute test might not accurately
show the peak levels of the enzymes. The increased levels are part of the normal physiological
reaction, and the enzymes are important because they indicate the structural stress in the muscle
(CK) and the metabolic activity and anaerobic energy expenditure (LDH)[37]. This finding
agrees with previous studies , as the authors of [38] conducted a study found post-exercise CK
release of 30-70 % and LDH release of 15-40 % in healthy individuals, which agrees with the
idea that these enzymatic reactions are common after physical exercise[39]. Clinically, CK and
LDH can give useful information regarding safe exercise prescriptions and prevent
overtraining, and mild-to-moderate post exercise enzyme levels should be seen as normal
adaptive responses[40]. Nevertheless, the present study has some limitations, one of them being
the post-exercise measure at 30 minutes, which may fail to represent peak levels of enzymes,
which normally will be at 24-48 hours and the use of self-reported physical activity

questionnaires, which can create subjective bias [41]. The present study has several limitations.
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First, serum CK and LDH levels were measured only 30 minutes after exercise, whereas peak

enzyme concentrations are generally observed 24-48 hours post-exercise. Therefore, the
current findings mainly reflect early physiological responses rather than peak enzymatic
changes. Second, only total CK and LDH levels were measured without isoenzyme
differentiation. Future studies involving CK-MM and LDH isoforms may provide greater
specificity regarding tissue origin and muscle damage assessment. Additionally, physical
activity classification was partially based on self-reported questionnaires, which may introduce
subjective bias despite the use of supportive physiological measurements such as heart rate and

blood lactate.
3.5 Heart Rate (HR) Response

The heart rate of the participants at rest was similar for all three groups: Low — 72.4 &+ 6.8 bpm,
Moderate — 71.9 = 7.1 bpm, and High — 72.1 + 6.5 bpm. However, the heart rates of the
participants who performed moderate and high levels of activity were significantly higher at
98.6 = 10.5 bpm and 115.3 &+ 12.7 bpm, respectively, than those who performed low levels of
physical activity (Table 4, Figure 4). This response is attributed to cardiovascular adaptation to
increased exercise intensity, which increases with the workload and demands more oxygen
supply to the muscles [42]. This significant increase in the high activity group can explain the
increases in the levels of CK and LDH, which are directly proportional to the intensity of the

workout [43].

The results are in line with the findings of other studies which suggest that heart rate is a valid
measure of exercise intensity, which is highly correlated with the levels of muscle activity and
metabolism in the body. Hence, the results obtained from the heart rate measurements provide

a better understanding of the physiological adaptations to exercise [44].

Table 4. Heart Rate (bpm) in study groups

Group Resting HR (bpm) Post-Exercise HR (bpm)
Low Activity 724+ 6.8 =

Moderate Activity 71.9+7.1 98.6 £ 10.5

High Activity 72.1+6.5 1153 +£12.7
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Figure 4 : Heart Rate Response Across Activity Groups
3.6 Blood Lactate Levels

Blood lactate levels at baseline were found to be similar among the three groups (Low: 1.2 +
0.3 mmol/L, Moderate: 1.3 + 0.4 mmol/L, High: 1.2 + 0.3 mmol/L). After the exercise, the
lactate levels increased significantly in the moderate (3.8 = 0.7 mmol/L) and high activity
groups (5.6 + 0.9 mmol/L), with the highest levels being found in the high activity group (Table
5, Figure 5).

This increase can be attributed to an increased reliance on anaerobic glycolysis during more
intense physical activity. The increased levels of lactate are directly related to the increased

levels of LDH, as this enzyme is a major participant in the conversion of pyruvate and lactate
[45].

The concomitant increase in lactate and LDH levels is consistent with the notion that increased

levels of physical activity are associated with increased metabolic stress and energy
demands[46].

Table 5. Blood Lactate Levels (mmol/L) in Study Groups

Group Baseline Lactate (mmol/L) Post-Exercise Lactate (mmol/L)
Low Activity 1.2+0.3 =
Moderate Activity 1.3+04 3.8+0.7
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Figure 5: Blood Lactate Levels Across Activity Groups
3.7 Correlation Analysis

Pearson correlation analysis demonstrated significant positive correlations between post-
exercise CK levels and blood lactate concentrations (r = 0.68, p < 0.001), as well as between
LDH levels and post-exercise heart rate (r = 0.72, p < 0.001). These findings suggest that

increasing exercise intensity is associated with greater muscular and metabolic stress.
4. Conclusion

These findings indicate that physical activity intensity plays an important role in modulating
serum CK and LDH levels, reflecting both muscular stress and metabolic demand. Heart rate
and blood lactate responses further support the physiological relationship between exercise
intensity and muscular adaptation. Future longitudinal studies incorporating delayed post-
exercise sampling and isoenzyme analysis are recommended to improve understanding of

exercise-induced muscular adaptations and recovery mechanisms.
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Abstract:

The study of inorganic chemistry, particularly coordination chemistry, has become
increasingly important in recent years due to its significant advancements in the scientific field
of preparing and characterizing coordination complexes. Coordination compounds have
attracted considerable attention from researchers because of their crucial role in various aspects
of life. These complexes have been used extensively in medicine, industry, agriculture, and
even in the field of Pollution. The formation of these complexes involves transition elements
and representative elements, but they are particularly observed with transition element ions.
This is because they provide empty orbitals, and their orbital energies are lower than those of
the nonmetal atoms involved in the ligand structure, which possesses non-shared electron pairs

capable of bonding with the metal ion.

Nickel is the eighth element of the first transition series (3d elements), and it has an outer
electron configuration (4s? 3d®). The stability of its compounds decreases as its oxidation state

increases, and the oxidation state (II) is one of the most stable states of nickel. Therefore,
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nickel(II) is the most common in the chemistry of transition elements, but it is not easy to work

with because of the changes that occur in the structure of some octahedral, tetrahedral, and

square planar complexes, as well as the formation of polymers.

Keywords: Benzatriazole, Phenonthroline, and Biperidine biological effectiveness, anti-

cancer, Ni (II) complexes.
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1. Introduction:

Benzotriazole (C<HsN3) represents a versatile N-heterocyclic ligand widely recognized in
coordination chemistry for its strong electron-donating capabilities and diverse coordination
modes (V. Possessing adjacent nitrogen atoms, it effectively coordinates with transition metal
ions—particularly intermediate Lewis acids like nickel, Ni(Il) to assemble structurally unique
complexes and polymeric architectures ®. Beyond structural intrigue, the integration of Ni(II)
centers with benzotriazole derivatives enhances biomolecular interactions, often leading to

potent cytotoxicity against specific cancer cell lines ). In particular, evaluating the in vitro
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antiproliferative activity of these metal complexes against human breast adenocarcinoma

(MCF-7) offers critical insights into their targeted anticancer potential ). Consequently, the
synthesis and biological screening of novel Ni(Il) benzotriazole complexes continue to serve as
a promising direction in bioinorganic and medicinal chemistry .

Nickel (Ni) complexes with Schiff base ligands represent a pivotal class in modern coordination
chemistry due to their facile synthesis, structural flexibility, and high thermodynamic stability.
These complexes efficiently coordinate through multi-donor atoms such as nitrogen and oxygen
(N,O-donor systems), exhibiting versatile coordination geometries alongside tailored electronic
and catalytic properties . Recently, they have shown promising potential in clean energy
technologies, including electrochemical systems and hydrogen storage applications, owing to
their robust structural stability and redox behaviors . Furthermore, Schiff base nickel
complexes display significant biological efficacy as potent antibacterial, antifungal, and
anticancer agents, positioning them as valuable candidates for advanced pharmaceutical and
technological research ®.

2-Experimental

An automatic melting point device (SAM30) was used to determine the melting point of the
produced compounds. A SHIMADZU 8400S spectrometer was used to record the complexes'
infrared spectra (FT-IR) as discs (KBr) (within the range 400-4000 cm™"). The nuclear magnetic
resonance spectrum was recorded using a Varian Unity Spectrometer (400 MHz) in DMSO-d6
solvent. The properties of the thick or thin samples of the material, their shape, and the
determination of their nanoscale or crystalline dimensions of the particles were determined

using a TESCAN MIRA3 instrument.

3. Material and methods:

3.1 Preparation methods:

3-1-1 The ligand is prepared using (L)((H-benzo[d][1,2,3]triazol-1-y)(phenyl) methanone
a suspension of 3 g (0.02581 mol) benzotriazole solution dissolved in 15 ml of absolute
ethanol, stirring until dissolved, in an ice bath. Then add 3 ml (0.02581 mol) of benzyl chloride
drop by drop. The temperature should not exceed 0—-5°C. The solution changed from clear to a
thick white suspension and was left to stir for four hours. The material was filtered and allowed
to dry at room temperature. The weight was 3.7008 g, the melting point was 106-109 C°, and

the concentration was Yield 85% ©.
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3-1-2 Preparation of the complex [Ni(L)2Cl2]

A hot, green solution of (0.026g, 0.0001 1mmol) in (5ml) of ethanol was added to a ligand
solution (L) of (0.05g, 0.00022mmol) in (5Sml). A suspension was formed. The mixture was
heated under a temperature of 80°C for two hours, then the precipitate was filtered and washed
with cold ethanol and left to dry at room temperature (wt=0.055g, Yield =72%, m.p=240-
243°C).

3-1-3 Preparation of the [Ni(L)(Phen)]Cl2 complex

A suspension of (L) (0.531 gm, 0.00237 mol) in absolute ethanol (10 ml) was added to a
solution of nickel chloride (NiClz) (0.839 gm, 0.00237 mol) in ethanol (15 ml). The mixture
was stirred for one hour, then a solution of (10,1 phenanthroline) (0.427 gm, 0.00237 mol) in
ethanol (20 ml) was added. The final mixture was raised for three hours, resulting in a light

green suspension. The precipitate was filtered, washed with cold ethanol, and oven dried under

reduced pressure (1.578gm , Yield =87.81% , M.P 275-278).
3-1-4 Preparation of the [Ni(L)(Bipy)]Cl2 complex

A suspension of (L) (0.121 gm, 0.00054 mol) in absolute ethanol (10 ml) was added to a
solution of nickel chloride (NiCl2) (0.190 gm, 0.00054 mol) in ethanol (15 ml). The mixture
was stirred for one hour, then a solution of (2,2'-biperidine) (0.082 gm, 0.00054 mol) in ethanol
(20 ml) was added. The final mixture was raised for three hours, resulting in a light green

suspension. The precipitate was filtered, washed with cold ethanol, and oven dried under

reduced pressure (0.350 g, Yield =89.05%,, M.P 280-282).
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Complex diagram :(1:1) [Ni(L)Clz], [Ni(L)(Bipy)]|ClL, [Ni(L)(Phen)]|Cl:

4. Evaluate bacterial activity:
4-1 Evaluate the bacterial activity of the prepared complexes:

The biological activity of the prepared complexes was tested on two types of bacteria: Gram-
negative and Gram-positive, using the etching method. The bacterial isolates used were

identified by the Department of Life Sciences, College of Science, University of Mosul.

1) Citrobacter freundii (Gram-Negaive)

2) staphlycocas aureus (Gram-positive)

3) ( Staphylococcus epidermidis) (Gram-positive)
4-1-1 Method of operation:

The complex solutions were prepared using DMSO solvent at concentrations of (107!, 1073,
10-°). The culture medium was then prepared. The bacteria were activated by dissolving (15gm)
of nutrient agar in (0.5L) of distilled water and placing it in a conical flask. The mixture was
mixed well and heated until the agar (a gelatinous substance used as a nutrient medium for
bacterial growth) was completely dissolved. After that, the culture medium was placed in a
sterilizer at a temperature of (121°C) and a pressure of (15 bar) for 15 minutes . Then, after
removing it, it was poured into Petri dishes and left to solidify. After that, (3-5) smears of the
prepared bacterial samples were placed and incubated for 24 hours at 37 degrees Celsius in the

incubator. Then, the culture medium used to evaluate biological activity was prepared by
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dissolving (53.5gm) of Mueller-Hinton agar in (1L) of distilled water. Then, the medium was

placed in a sterile device (Autoclave) at a temperature of (121°C) and a pressure of (15 bar) for

15 minutes UV,

The medium is extracted after sterilization in an autoclave and poured into Petri dishes. It is
then left to solidify. A quantity of activated bacteria is taken by swab and applied to the Mueller-
Hinton agar medium by completely covering the dish and marking it. It is left for half an hour
to absorb (12, Then, holes are prepared using a sterile cork drill with a diameter of 5 mm. Four
holes are made, and 1 ml of the prepared compound solutions is added to each hole at different
concentrations. All dishes are then incubated for 24 hours. The antibiotic cefepime is used at a
concentration of 5-10~° M, and its inhibition of the bacteria is observed ® . The diameter of the
inhibition zone for each complex is then measured using a millimeter ruler and compared with

the inhibition range of the antibiotic cefepime 4.

5. Results: and Discussion :

This research involves the preparation and characterization of several nickel(II) complexes,
piperidine ligands, and phenenthroline coligands. The prepared complexes were characterized
using several physical and spectroscopic methods. The following ligands were used in this

research:
1) ((H-benzo[d][1,2,3]triazol-1-y)(phenyl)methanone)) (L)
2) 2,2-Bipyridyl (Bipy)
3) 1,10-phenanthroline (Phen)

5.1 Molar Conductivity :

The molar conductivity of solutions is widely used in coordination chemistry to determine the
ionic formulas of complexes in solution and in the solid state. The greater the number of ions
released by the complex in solution, the higher its electrical conductivity. A complex that does
not ionize has a low conductivity that can be neglected !3. The electrical conductivity of the
prepared complexes was measured at a concentration of (102 M) in dimethyl sulfoxide

(DMSO) solutions at room temperature (25°C), as shown in the table 19,

The molar conductivity results for the prepared (L) ligand complexes showed values ranging
from 67.3 to 78.6 ohm™ cm™ mol™, indicating the presence of two Cl ions within the

coordination sphere. In contrast, the [Ni(L)Clz] complexes, where we expect two Cl ions to be
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present outside the coordination sphere, showed values ranging from 75.4 to 78.6. This is

consistent with the proposed formulas and supported by other analyses and measurements.
Table (1-1) shows the results of the molar electrical conductivity measurements for the prepared

complexes 17,

Table 1-1. Physical properties, melting points, percentage yields, and molar conductivity values of the

synthesized ligand and its Ni(II) complexes.

Seq Complexes Color M.P.C° Yield % Co?duc_glvny O_lllm-
.cm™ .mol
--- L Sl aa 106-109 85.9 2.0
1 [Ni(L)2Cl] sl 240-243 72 67.3
2 [Ni(L)(Phen)]Cl» i il 275-278 87.8 75.4
3 [Ni(L)(Bipy)]Cl» il 280-282 89.05 78.6

5.2 Infrared Spectrum of the (L) Complex

The ligand was identified by infrared spectroscopy. As shown in figure (1-2). The infrared
spectrum of the free ligands showed the disappearance of the (N-H) v"® band at position
(3415cm), and the clear appearance of the C=0) v band at position (1708cm) cm*®" as well as
the appearance of the aromatic C-H) v band®? at position (3060 cm™ ) and the appearance of a

band belonging to (N=N) at position (1448 cm™' ) @V

5-2-1 Nuclear Magnetic Resonance Spectrum ! Hnmr for (L) ligand

The proton nuclear magnetic resonance spectrum of the IH NMR ligand, as shown in figure
(1-3), measured with DMSO-d6 solvent, showed a multiple signal within the chemical shift
(8.35-7.60ppm) 6H, which is due to the aromatic (C-H) of the nine protons of the ligand, and
the appearance of a triple signal at the chemical shift (8.32ppm) 6H, which is due to protons 5
and 9, and a double signal at the chemical shift (8.12ppm) dH, which is due to protons 1 and 4,
and two triple signals at the shifts (7.85ppm and 7.82ppm) dH, respectively, which are due to
protons 2 and 3, and a multiple signal within the chemical shift (7.66ppm) dH, which is due to
protons (6, 7, 8).

5-2-2 Nuclear Magnetic Resonance Spectrum 3C-"H N.m.r of the (L) ligand

The *C-{"H}NMR spectrum of the ligand, as shown in figure (1-4), measured with DMSO-

d6 solvent, showed a carbon atom signal of the carbonyl group (C=0) at a displacement of
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0C=167.09 ppm. This signal appeared in this region due to the high electronegativity of oxygen.

The other signals are due to the remaining 12 carbon atoms of the ligand.
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Figure (1-3) "H NMR spectrum of the L complex
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Figure (1-4) 3C-{1H} NMR spectrum of the L complex

5-2-3 Infrared spectrum the [ Ni(L)Clz]

The infrared spectrum of the Ni(L)Cl> complex, as shown in figure (1-5) , showed a band at
position (3066cm™) corresponding to the aromatic (C-H) frequency ?. A strong band was also
observed at(1606¢cm-!) corresponding to the stretching frequency of the (C=0) group !, as
well as a band at position (485cm-!) corresponding to the (N=N) frequency . A band was
also observed at position (547cm™) corresponding to the (Ni-O) frequency, a band at position
(449 cm-!) corresponding to the (Ni-N) frequency, and a band at position (1267 cm-!)

corresponding to the (C-N) frequency 2.
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Figure (1-5) IR spectrum of the [ Ni(L)Cl:]
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5-2-4 Spectrum of Nuclear Magnetic Resonance {'H} n.m.r of the [Ni(L)Clz2] complex

The proton nuclear magnetic resonance spectrum of the 1H NMR ligand, as shown in figure
(1-6), measured in DMSO-d® solvent, showed a triplet signal within the chemical displacement
(8.30-8.41 ppm) 0H with approximately two protons, which is due to a proton in a, a doublet
signal within the displacement (8.1-8.2 ppm) 6H, which is due to a proton in b, a multiplet
signal within the chemical displacement (7.80-7.90 ppm) 6H, which is due to a proton in d, a
singlet signal at (7.60-7.65) 6H, which is due to the protons of C, and a triplet signal within the
chemical displacement (7.65-7.70 ppm) 6H, which is due to a proton in e.
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Figure ( 1-6) Spectrum of nuclear magnetic resonance ('H-NMR) of the Ni(L)Cl, complex
5-2-5 Infrared spectra of the complex [Ni(L)(phen)|Cl

The infrared spectrum showed a sharp and strong beam within the range (1672 cm™) which
is attributed to the stretching frequency of the (C=N) group within the ring ?¥. and the
appearance of a beam within the range (2979 cm!) which is attributed to the aliphatic (C-H)
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group®?, and a beam at the range (3060 cm™) which is attributed to the aromatic (C-H) group

(20 and the appearance of a beam at (1421 cm™") which is attributed to the stretching frequency
of the (N=N) group v @Y, and a sharp beam at (1618 cm™") which is attributed to the stretching
frequency of the (C=C) group L% , as well as a beam within the range (1672 cm™)?>? which
is attributed to the (C=N) group in the (Phen) ligand. Additionally, the remaining bands appear

in their positions, as shown in Figure (1-7).
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Figure (1-7) IR spectrum of the ligand [Ni(L)(phen)]Cl>

5-2-5- TH nmr NMR spectrum of the [Ni(L)(phen)]Cl2 complex

The proton NMR spectrum of the complex measured with DMSO-d® solvent showed that the
Phen proton signals exhibited a single signal at (§H=8.1 ppm) with two protons complemented
and attributed to a proton at position H4; a double signal at (§8H=8.27 ppm) with two protons
complemented and coupling constants (*Juz-n3=8.2 Hz) and (*Ju2-u1=4.65 Hz) attributed to a
proton at position H2; a double signal at (§8H=8.8 ppm) with two protons complemented and
coupling constants (*Jus-n2=8.16 Hz) and (*Jus-n1=1.56 Hz) attributed to a proton at position

H3; and a broad single signal at (§H=9.1 ppm) with two protons complemented and attributed

to a proton H1. as shown in Figure (1-8).
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Figure (1-8) 'H nm NMR spectrum of the [Ni(L)(phen)]Cl> complex
5-2-6 Infrared spectra of the complex [Ni(L)(Bipy)]Cl2

The infrared spectrum showed a sharp, strong band in the range of 1672 cm™, which
corresponds to the stretching frequency of the C=N group within ring *¥. A band in the range
0f' 2996 cm ™ was attributed to the aliphatic C-H group, and another band in the range of (3066
cm ) was attributed to the aromatic C-H group ?°. A further band in the range of 1446 cm™
was attributed to the C=N group in the Bipy ligand ®, which shifted to a lower frequency than
in the free ligand, specifically at (1672 cm™). This shift indicates a bidental chelate symmetry
of Phen with the metal. The remaining bands appeared in their respective positions, as shown

in Figure (1-9).
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Figure (1-9) Infrared spectrum of the ligand [Ni(L)(Bipy)]Cl2
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5-2-7 'H nmr Nuclear Magnetic Resonance Spectrum of the [Ni(L)(Bipy)]Cl2 complex

The proton NMR spectrum of the complex measured with DMSO-d® solvent showed that the
proton Bipy signal exhibited a single signal at (§H=8.11 ppm) with two protons complemented
and attributed to a proton at position H4; a double signal at (§8H=8.26 ppm) with two protons
complemented and coupling constants (*Ju2-n3=8.2 Hz) and (*Jmo-n1=4.65 Hz) attributed to a
proton at position H2; a double signal at (xH=8.25 ppm) with two protons complemented and
coupling constants (*JH3-H2=8.16 Hz) and (*Jus.u1=1.56 Hz) attributed to a proton at position
H3; and a broad single signal at (§ H=8.33 ppm) with two protons complemented and attributed

to Proton H1. as shown in Figure (1-10).
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Figure (1-10) "H nm NMR spectrum of the [Ni(L)(Bipy)]Cl> complex

5.3 Results of the biological activity of the prepared compounds:

This study used two Gram-positive bacteria, Staphylococcus aureus and Staphylococcus
epidermidis, and one Gram-negative bacteria, Citrobacter freundii. The effects of the prepared
compounds on these bacteria were compared to those of the antibiotic cefepime. Our results
showed that some of the prepared compounds exhibited significantly higher activity than the
antibiotic against all three studied bacterial species. The following diagrams illustrate the
inhibitory activity of the prepared compounds against the growth of several Gram-positive and
Gram-negative bacteria. (Diameter of the inhibition circle is measured in mm) growth of certain
negative and positive bacteria from some mercury-phosphine complexes. (Inhibition circle

diameter measured in mm, ®*- As shown in Table (1-2),and figure (1-11)and(1-12).
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Scheme (1-1) The inhibitory action of the synthesized compounds on the
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The following table (1-2) shows the radius of inhibition (DIZ mm) for some of the
prepared complexes.

pla(DIZ)haiill jhé Ciual
Comps. Staphylococcus | Staphylococcus Citrobacter

Conc aureus pidermidis freundii
L) 10! 10 10 NIZ
107 10 10 NIZ
Vel 10 10 NIZ
[Ni(L)ClL] 10! 30 30 £
103 30 40 £
Voo? 130 30 S
[Ni(L)(Bipy)]Cl2 10! £ 20 20
103 £ 30 £
Voo? 130 1) 30
[Ni(L)(Phen)]Cl2 10! £ 30 30
107 £ £ 20
Yot £ 20 20
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Figure (1-11) Inhibitory activity of the [Ni(L)(Bipy)]Cl2> complex on Staphylococcus
epidermidis bacteria

Figure (1-12) Inhibitory activity of the [Ni(L)(Phen)]Cl> complex on Citrobacter freundii
bacteria

5.3 Anti-cancer study

FAS 100 and 89 were tested for their anti-cancer effects on cancer cells using MTT [4,5-
2,5-diphenyltetrazolium bromide dimethylthiazole-2-yl]. They diluted the stock solutions to the
necessary concentrations after the FAS [Ni(L)(Bipy)]Clz and [Ni(L)(Phen)]Cl, were dissolved
in DMSO. The anti-tumor efficacy of the substances was evaluated using the 518A2 melanoma
cancer cell. A 96-well plate was filled with cancer cells. The FAS 100 and 89 were introduced
at doses of 0.1uM, 1 uM, 10, 100, and 200 uM, and 400uM after a 24-hour incubation period.
DMSO served as the negative control. The MTT test was given 48 hours after the start of
therapy. In short, Each well received 100uL of brand-new medium. after the medium was taken
out of the 96-well plate. After adding 10 pL of the previously made Stock solution of 12 mM
MTT (SERVA) and incubating for four hours at 37 °C, each well was given A 0.01 M SDS-
HCI solution in 100 pL. After four more After being incubated for hours, the samples were
combined using a pipette as well as the absorbance at 570 nm was then determined. For
statistical analysis, the experiments were conducted three times ¢,

The mixed ligand Ni(II) complexes [Ni(L)(Bipy)]Cl> and [Ni(L)(Phen)]Cl, have anticancer
properties. An MTT assay using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium
bromide was used to evaluate Cl against 518A2 cancer cell lines. Tables 1-3, 1-4, and Figure
(1-13) display The quantities of the investigated chemicals needed for IC50, or 50% inhibition
of the cells and compare the outcomes as a positive control using cis-platin. [Ni(L)(Bipy)]Cl2
With an IC50 value of 187.40 + 8.34 uM,Cl> exhibited the strongest activity against 518A2,
while [Ni(L)(Phen)]Cl, With an IC50 value of 163.01 + 6.21 puM, Cl, showed poor anti-cancer

effect against similar cell lines GV,

Table 1-3: Cell viability (%) of compounds FAS 100 and 89 against 518A2 cell line.

Cell survival (%)
Concentrated (uM) B4 33
0.000 100 100
0.100 100 99.50
1.000 96.71 91.56
10.00 84.96 80.26
100.0 81.10 73.89
200.0 49.97 38.30
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400.0 \ 21.25 \ 19.34
* * These figures represent the mean of three replicates.

Table 1-4: ICso values of compounds FAS 100 and 89 against S18A2 cell line in
comparison to cis-platin.

Compound ICso value (UM)
[Ni(L)(Bipy)]Cl» 187.40 + 8.34
[Ni(L)(Phen)]Cl, 163.01 £6.21
Cis-platin 1.76 £ 0.99
10—
k=
- il — 1 = |
S
3 Bl ———
1 L L L L - L . ﬁ.l
0.0 0.5 1.0 10.0 100.0 200.0 3Joo.o

Concentration(ja M)

Figure 1-13 : MCF-7 cell viability following FAS 100 and 89 treatment at varying doses
(M). P value in each instance is 0.005..

5.4 SEM study:

The majority of coordination complexes can be created with regular geometric structures at

nanoscale levels, according to recent research on their geometric structure . SEM was used to

examine the microstructure's morphological appearance in a few of the produced complexes.

The [Ni(L)(Bipy)]Clocomplex's average particle size was Sum, which is one of the

nanoparticles, according to scanning electron microscopy investigation ¢?. As shown in (1-

figure (1-14)
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Figure (1-14): (a) SEM image of the [Ni(L)(Bipy)]Cl> complex at 1 pm and 5 pm

6. Conclusions

In this study, a novel series of nickel(Il) complexes incorporating mixed ligands (N-
heterocycles including 1,10-phenanthroline, 2,2'-bipyridine, and benzotriazole) were successfully
synthesized and thoroughly characterized using various analytical, spectroscopic, and physical
techniques. The structural and coordination geometries of the prepared complexes were confirmed

to adopt square-planar/octahedral arrangements around the Ni(Il) central metal ion.

The biological evaluation revealed that the coordination of these $N$-donor ligands to the Ni(II)
center significantly enhanced their cytotoxic efficacy and anti-cancer potential compared to the
free ligands. The synergistic effect between the planar aromatic systems
(Phenanthroline/Bipyridine) which facilitate cellular uptake and DNA binding—and the
benzotriazole core resulted in potent anti-proliferative activity against targeted tumor cell lines.
Overall, these findings highlight the promising role of mixed-ligand Ni(II) complexes as effective
bio-active agents and pave the way for further structural optimization in targeted anti-cancer drug

development.
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Abstract:

In this paper, we present a graph-based structural reformulation of the Laplace transform,
referred to as the Laplace Transform Graph (LTG). Within this framework, functions in the
time and frequency domains are treated as structured data objects (vertices), while directed
edges represent direct and inverse Laplace transform operators.

The LTG provides a unified two-layer mapping structure between functional spaces, explicitly
linking each function to its transformed counterpart. The proposed model establishes formal
structural properties, including cycle formation, vertex degree characteristics, and convergence
constraints induced by transformation consistency.

Computational algorithms are developed to construct and analyze the LTG, enabling path
simplification and structural verification. The framework offers a data-oriented perspective on
the Laplace transform, bridging functional analysis and graph-based structural modeling for

both theoretical interpretation and computational implementation.
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1. Introduction

The Laplace transform is one of the most powerful mathematical tools for solving linear
differential equations [1, 2]. In general, a transformation of a function f(t) can be expressed as

equation (1):

F(s) = [, K(s,%) f(x) dx (1)

where F(s) is the transformation of the function f(t), and K(s,t) is called the transformation
kernel[1]. This approach converts the original problem involving f(t) into another problem
involving F(s), which is often simpler to solve. By selecting an appropriate kernel and limits
of integration, differential equations can essentially be reduced to algebraic equations[3].A

special and widely used case of this idea is the Laplace transform, defined as equation(2):

L{f(D} = F(s) = ["e™ f(Ddx )
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where s = 0 + jw is a complex variable, f(t) is the original function in the time domain, and

F(s) is its Laplace transform. This method is extensively applied in solving non-homogeneous
differential equations, particularly when the homogeneous part is unstable. Beyond its
analytical formulation, mathematical transformations can also be interpreted structurally, which
motivates the introduction of graph-theoretic representations. On the other hand, graph theory
is a fundamental and important field in applied mathematics, computer science, and other
related disciplines, and has numerous and wide-ranging applications in algorithm design,
knowledge representation, and network analysis. A graph is defined as a non-empty set of
vertices V and a non-empty set E of unordered pairs of vertices called edges. Depending on its
structure, a graph may be simple, multigraph, loop-like, or contain isolated vertices. A tree is a
special type of connected, non-cyclic graph, while a regular r-graph is a graph with the degree

of each vertex r [4].

This paper introduces a new perspective by treating mathematical functions as vertices, with
the direct and inverse Laplace transforms as edges connecting them. Within this framework,
different classes of functions such as linear, logarithmic, power, trigonometric, and inverse
trigonometric functions can be structurally connected to form new types of function graphs.
The central hypothesis of this work is that the Laplace transform induces a structured mapping
between functional spaces that can be formally represented as a directed graph. This novel
framework, which we call the Laplace Transform Graph (LTG), establishes a new type of graph
structure that integrates concepts from both functional analysis and graph theory [5,6].
Although the Laplace transform has been extensively studied in mathematics, control theory,
and signal processing, existing studies primarily focus on analytical, numerical, or application-
oriented aspects of the transform. To the best of our knowledge, no previous study has
introduced a unified graph-theoretic framework in which mathematical functions are
represented as vertices and Laplace transform operations are represented as directed edges
connecting time-domain and frequency-domain functions. This gap motivates the development
of the Laplace Transform Graph (LTG), which provides a structural representation of transform
relationships within a graph-based environment Although the Laplace transform has been
extensively studied in mathematics, control theory, and signal processing, existing studies have
primarily focused on its analytical, numerical, and application-oriented aspects. To the best of
our knowledge, no previous study has introduced a unified graph-theoretic framework in which
mathematical functions are represented as vertices and Laplace transform operations are

represented as directed edges connecting time-domain and frequency-domain functions. This
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gap motivates the development of the Laplace Transform Graph (LTG), which provides a

structural representation of transform relationships within a graph-based environment. The
main contribution of this work lies in representing time-domain and frequency-domain
functions as graph vertices and modeling direct and inverse Laplace transform operations as
directed edges. Furthermore, the proposed LTG integrates both domains within a single graph
structure and establishes fundamental structural properties, including cycle formation, vertex
degree characterization, connectivity, and component decomposition, thereby providing a new
graph-theoretic perspective for analyzing transform relationships. To further clarify the novelty
of the proposed framework, a comparison between previous studies and the proposed Laplace
Transform Graph (LTG) is presented in Table 1. The comparison highlights the main structural

differences and demonstrates the unique features introduced in this work.

Table 1. Comparison between previous studies and the proposed Laplace Transform Graph (LTG).

Feature Previous Studies Proposed LTG
Use of Laplace Transform Yes Yes
Graph-Based Analysis Partial Yes
Functions Represented as Vertices No Yes
Laplace Transform Operators Represented as Edges No Yes
Unified Time- and Frequency-Domain Representation No Yes
Structural Graph Analysis Limited Yes

2. Related Works

The use of the Laplace transform is traditional in system analysis and signal processing;
however, its representation through graph structures has been addressed only partially in the
existing literature. For instance, some researchers proposed graph-based algorithms to compute
distributions of coalescence times after Laplace transformation in the context of population
genetics, where the graph represents the state space and the Laplace transform is used to derive
probability distributions. However, in this context, the vertices do not represent functions
themselves, and the edges are not explicitly modeled as Laplace transform operators, which

distinguishes our work from these previous studies.
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Another study generalized the Laplace transform to signals defined on irregular domains,

including graphs and trees, introducing the so-called spectral Laplace transform, which extends
the classical Fourier-Laplace analysis to graph-defined data. Nevertheless, in this framework,
vertices represent spatial or structural points rather than functional entities in the time or
frequency domain, which is fundamentally different from the scope of our research. To date,
no study has proposed an explicit graphical framework, termed the Laplace Transform Graph
(LTG), in which vertices represent functions in the time or Laplace domain, and edges
correspond to direct or inverse Laplace transforms. This work provides a new approach that
unifies time-domain and frequency-domain analysis within an integrated graph model,
distinguished from previous works by explicitly representing vertices, functions, and edges in
a clear and systematic manner. Additionally, previous works by the authors in control theory
provide complementary insights into system behavior and stability, which can be related to

transformations and graph-based representations of functions:

Routh stability criterion and Lyapunov-Routh method in control theory [2023]

Stability on optimal control problems and multi-population mathematical models [2023]
Special methods for controllability and observability in optimal control systems [2024]

These studies highlight the authors’ prior experience in analyzing mathematical systems and
provide a foundation for extending graph-based frameworks to functional transformations [7-

8-9].
2.1 Laplace Transform Graph

We assume that the vertices of the graph represent mathematical functions, while the edges
represent Laplace transform operations applied to these functions. When the Laplace transform
is applied to a function f(t) at a given vertex, it produces a new function F(s) that represents
another vertex in the graph, and the two functions are connected by an edge representing the

transformation(3) [1]:

F(s) = () 3)

Similarly, the inverse Laplace transform can be represented as an edge in the opposite direction
(4):

1

f(t) — F(s) @)
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In this unified graph model, vertices provide information about functions in the time or

frequency domain, and edges represent the mathematical operations connecting them. This
structure allows the study of function connectivity, different transformation paths, and potential

cycles that may impose constraints on initial values or convergence regions.

Formally, each vertex v; can be described as the union of its time-domain and frequency-

domain representations (5):

vi = (fi(D), Fi(s)) (5)
If functions are described as vertices, then the set of vertices is:

V = (v, Vy, Vg, e, Vi)
The edges represent relationships between functions and their Laplace transforms:
ECVXV
according to the applied transform operator., for example:
vi=f, vp =1, ,v3=1; , vy =1, vi =f1;

2.2 Graph of Direct Laplace Transform

In this section, we explain the direct (forward) Laplace transform in detail and illustrate how
functions can be represented graphically using this transform. The general principle is as
follows: each vertex represents a function in the time domain f(t), and each edge represents the
application of the Laplace transform that maps the function into the frequency domain F(s)[4].
This representation allows us to track the transition of functions into the frequency domain and
to visualize their relationships in a graphical form. Moreover, if a graph with its vertices and

edges is given, one can infer the corresponding functions in both domains[10-11].

Formally, for each time-domain function fj(t) represented by a vertex v;, the Laplace

transform produces a new vertex v; representing F;(s) (6) [5, 6]:

L
vi = Fi(s) » vi = fi() (0)
We define the graph of the direct transform as (7):

G, = (Vi E) (7
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where V;, = V; U V; is the union of the time-domain vertices V, = {f;(t)} and the frequency-

domain vertices Vg = {F;(s)}. The set of edges is defined by the rule (8):

(fi(©), Fi(s)) € Ep & Fi(s) = L{fi(D)} ®)

Examplel: Given V; = {1, t, e'} (three time-domain vertices) and total 6 vertices (frequency +

time), find Vg and the graph of the direct transform.

Solution: Compute the Laplace transforms:

So the frequency-domain vertex set is

11 1
_5_27 }
s’s<” s—1

Vs = {
The full vertex set of the direct-transform graph is the union

And the graph of the direct transform

¢11 1
ot

VL =V,UV; ={1,te
hence 6 vertices in total.

The edge set E;, (direct Laplace edges) is given by the transform relations:

eum (L0) (2) (0. 27)

(We write edges as ordered pairs from time-vertex to frequency-vertex because the direct

transform goes forward.)
Graph properties / counts
Number of vertices: | V}, |= 6.
Number of edges: | E, |= 3.

The graph is disconnected with 3 connected components (each component is a pair

(f;(t), Fi(s)). Edge Set (directed) figure 1:
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Disconnected Graph of Direct Laplace Transform (6 vertices, 3 edges)

L;

1
‘ L
.

L

‘ ‘ ‘

Figure 1. Disconnected graph direct Laplace transform.
The compact formal definition (9):
G, = (Vi E),
VL = Ve UV, (£i(0), Fi(s)) € EL & Fi(s) = L{fi(D)} 9)

This example illustrates a type of disconnected graph, since the vertices are grouped in pairs

without edges connecting the different groups.
2.3 Inverse Laplace Transform

The inverse Laplace transform is a fundamental concept in mathematical analysis and system
theory, as it allows the recovery of a time-domain function f(t) from its frequency-domain
representation F(s). In this section, we illustrate how to represent the graph of the inverse
Laplace transform, where functions in the time and frequency domains are considered as
vertices, and the edges correspond to the inverse transformation operation. The general concept

can be expressed as follows(10):

-1

v; = f(t) — v; = F(s) (10)

This graphical representation provides a visual means of understanding the relationship
between the original time-domain function and its frequency-domain counterpart, and it enables
the tracking of inverse transformation paths among different functions within the unified graph

framework[12].
We define the inverse Laplace transform as (11):

GL—l == (VL—I, EL—l) (l 1)
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where V-1 = V-1 UE;-1 is the union of the time-domain vertices V, = {f;(t)} and the

frequency-domain vertices Vg = {F;(s)}. The set of edges is defined by the rule:

(Fi(s).fi(D) € L1 & £i(0) = L7 {fi(s)} (12)

2 3 1

i1 i S—Z} (three frequency -domain vertices,(s > 0) and total

Example2: Given Vg = {
6 vertices (time + frequency), find V, and the inverse Laplace transform.
Solution: Compute the inverse Laplace transform:

3
(s+3)2+9

.

] = e 3%sin 3t = V,,L7! [512] =t =V,

_1 2 _ . _ n _1
L [52+4] =sin 2t =V,,L [
So the frequency-domain vertex set is

V, = {sin 2t,e"3%sin 3t, t,}

The full vertex set of the inverse Laplace transform is the union(12)

2 3 1

_ e —3te; 1
VL = V5 UV, = {sin 2t,e™°'sin 3t, t, i Graiie’ 2

} (12)

hence 6 vertices in total.

The edge set E;, (direct Laplace edges) is given by the transform relations (13)
2 3 3t 1
EL = {(m, Sin Zt) , (m, e 3tsm 3t) , (S—Z,t)} (13)

(We write edges as ordered pairs from time-vertex to frequency-vertex because the inverse

Laplace transform goes forward.)
Graph properties / counts
Number of vertices: | V-1 |= 6.

Number of edges: | E;-1 |= 3. The graph is disconnected and consists of three weakly
connected components (each component is a pair (F;(s),f;(t)). Since the graph is directed,

connectivity is considered in the weak sense.

Graph of the inverse Laplace transform is shown in Figure 2:
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Figure 2. Graph of the inverse Laplace transform.

2.4 Unified Laplace Transform Graph Representation:

By combining the forward and inverse Laplace transforms within a unified graph framework,
we observe that each function in the time domain f(t) corresponds to a counterpart in the
frequency domain F(s). This results in two vertices connected by two oppositely directed edges,

such that each vertex has in-degree 1 and out-degree 1.

In the case of a graph consisting of only two vertices, the resulting structure is a simple 2-cycle
(a two-vertex directed cycle). In graphs containing more than one pair of vertices, each pair
forms an independent 2-cycle, so the graph can be viewed as a disjoint union of multiple two-

vertex cyclic components.

Moreover, the total number of vertices in this model is always even, i.e., 2n, since applying the
Laplace transform to each function generates a corresponding function in the other domain.
Therefore, this representation constitutes a new type of graph specific to Laplace

transformations, which we propose to call the Laplace Graph (LG).
Theorem1:

Let V.= {f;(t),f,(t),f5(t), ..., fh(t)}be the set of time-domain functions and Vs =
{F1(s),F,(s),F3(s), ..., Fa(s)} their corresponding Laplace transforms. Then, the Laplace
Graph LGLGLG defined on V = V; U V; satisfies the following properties:

The total number of vertices is always even:
| V= 2n
Each pair (f;(t), F;(s)) forms a 2-cycle (a directed cycle of length two).

The degree of every vertex is equal to 2 (one incoming edge and one outgoing edge).
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The graph consists of n disconnected components, each of which is a directed 2-cycle.

Proof:

Forward Laplace transform: For each f;(t), the forward transform produces F;(s) = L{f;(t)}
This defines a directed edge from f;(t)to F;(s).

Inverse Laplace transform: Similarly, the inverse transform gives f;(t) = L™2{F;(s)}

This defines a directed edge from F;(s) back to f;(t).

2-cycle formation: Combining the forward and inverse edges, each pair (fj(t), F;(s))forms a
directed cycle of length 2. Therefore, the degree of each vertex is exactly 2. Multiple
components: Applying this process to all n functions produces n independent 2-cycle
components. Total vertices: Since each function generates exactly one corresponding transform

vertex, the total number of vertices is
| V|=2n

which is always even. Since every vertex has exactly one outgoing and one incoming edge, the
graph decomposes uniquely into directed cycles, and in this construction, each cycle has length

two.

Corollaryl: The Laplace Graph LG is isomorphic to the disjoint union of n directed cycles of
length 2. Hence, the global structure of the Laplace Graph is determined solely by the number

of functions considered.
3. Results and Discussion

From the unified Laplace Transform Graph (LTG), the following properties are observed: No
intra-domain edges exist; all edges are cross-domain transformations between the time and
frequency domains. In single-domain representations (time-only or frequency-only graphs),
each vertex has one outgoing or one incoming transform relation, reflecting the unidirectional
nature of the Laplace mapping. In the unified LTG, each vertex has in-degree 1 and out-degree
1, forming a directed 2-cycle between corresponding time-domain and frequency-domain
vertices. The LTG consists of multiple weakly connected components, each forming a 2-vertex

directed cycle.
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4. Conclusion

This paper introduced the Laplace Transform Graph (LTG), a structural graph-theoretic
framework that represents functions in both the time and frequency domains within a unified
mathematical structure. In this framework, vertices correspond to functions in the respective

domains, while directed edges represent the direct and inverse Laplace transform operators.

The proposed model establishes a well-defined bipartite directed graph structure, where each
function—transform pair forms a directed 2-cycle. The study derived fundamental structural
properties of the LTG, including vertex degree characterization, cycle decomposition, and weak

connectivity of components.

These results provide a rigorous foundation for representing transform relations in a graph-
theoretic form, enabling both structural analysis and computational interpretation of functional
mappings. Furthermore, the LTG framework offers a flexible structure that can be extended to
incorporate other integral transforms, such as Fourier and Z-transforms, within a unified graph-

based representation.

Overall, the Laplace Transform Graph provides a mathematically consistent bridge between
functional analysis and graph theory, offering a structured perspective for both theoretical

investigation and computational applications in mathematics and engineering.
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Abstract:

In this work, we investigate the structural properties of topological ideals and a-sets within
topological spaces, focusing on their novel connections to various classifications of I-
continuity, precontinuity, and strong semi-continuity. To lay a solid mathematical foundation,
a comprehensive framework of definitions, lemmas, and characterizations is established. The
main contribution of this study is the successful decomposition of a-continuous functions,
proving definitively that a function is a-continuous if and only if it is simultaneously
precontinuous and semi-continuous. Furthermore, through rigorous mathematical proofs and
the construction of independent topological counterexamples, we demonstrate that I-continuity
operates independently from classical continuity and precontinuity frameworks under non-
discrete structures. These characterizations enhance the understanding of generalized open sets
and provide a robust basis for extending I-continuity into abstract mathematical systems such

as soft topological spaces.

Keywords: a-continuous functions, I-continuity, Precontinuity, Topological ideals,
Topological spaces, o-sets.
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1. Introduction:

A key component of contemporary general topology is the study of ideal topological spaces
and generalized open sets.[1] Many scholars have expanded conventional topological features
to more intricate frameworks where algebraic structures improve classical understanding in the
wake of the groundbreaking works on ideal structures. [2] This study investigates limits,
persistence, and novel forms of I-continuity. First, the reader must pay attention to so that
explanations of constraints and persistence are the reader's primary priority.[3] We will use
these concepts in several statements to show how they are applicable in mathematical
discussions. Next, concentrate on the key theories. During this task, the interior and closure of
A are represented by Int (A) and ClI (A), respectively. A foundation for examining generalized
open sets and other types of continuity is provided by the study of ideal topological spaces. [4]
Specifically, the links between generalized continuity features are crucial to comprehending -
open sets, semi-open sets, and preopen sets.[S] These ideas serve as the mathematical basis for
studying I-continuity and a-continuity in topological spaces [6]. Presented o-sets, a weak
variant of accessible sets, the current writer established a function. f : U — Y strong semi-
continuousness f : 0 = Y For each open set V of Y, there is an a-set of U, proving that the

pictures Strongly semi-continuous functions connect sets of open connected sets. Functions that
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are strongly semi-continuous have been dubbed a-continuous by A. S. A.S. Mashhour et al.

recently, and they have identified a number of these functions' traits. Inside, without providing
evidence, they claimed that a-continuity is not dependent on Singal's nearly continuous sense
and implies O-continuity. However, in 1980, Maheshwari. Thakur found numerous features of
a-irresolute functions and defined a function as a-irresolute if it is a-set of K for each-set of. In
this direction, the properties of generalized closed sets with respect to an ideal have been
extensively developed to provide a broader framework for such topological classifications. [2]

The present endeavor is to further explore a-continuous functions. Thakur found numerous
features of -irresolute functions and defined a function as -irresolute if it is a-set of K for each-
set of. The present endeavor is to further explore a-continuous functions. [3] We will look into
the connections between a-continuous functions and a number of well-known functions in
Section 3 [6]. such as almost-continuous, continuous, irresolute, or -n-conti-nuous, functions.
In the next part, we will refine the findings and demonstrate that if an a-continuous function is
almost open, it is d-irresolute, according to M. K. Singal and A. R. Singal, or semi-open,
according to N. Biswas. [4] Most recently, these decomposition properties have been further

refined through the study of I-continuity and a-openness in ideal topological spaces.[5]

2. Preliminaries:

Definition 1. (Optimal on a Set). Let (U, 1) be a topological space. If the following criteria
are met, a nonempty family I € P(U) is referred to be an ideal on U:

(1)if A€land B € A, then B € I.
(i)ifA,B€l,then AUB € I.

Definition 2. (a-Open Set). Let (U, 1) be a topological space, and let A € U. The set A is called
an a-open setif A € Int(Cl(Int(A))). The family of all a-open subsets of U is denoted by 7°.

Definition 3. (Set Semi — Open). Let A € U, and let (U, 1) be a topological space. A set is
referred to as semi-open if A € C l(Int(A)). SO(U) represents the family of all semi-open
subsets of U.

Definition 4. (Open Set). Let A € U, and let (U, 1) be a topological space. A is referred to
as a preopen set if A € Int(CI(A)). PO(U) represents the family of all preopen subsets of U.

Definition 5. (Continuity in General). Let f: U — Y be a function, and let (U, 1) and (Y, o) be
two topological spaces. Next:

(1) f (V) is a-open in U for all V € o, then the function f is said to be a-continuous.
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(i1) If £'(V) is semi-open in U for each V € o, the function f is said to be semi-continuous.

(ii1) If (V) is preopen in U for each V € o, the function f'is said to be precontinuous.

Definition 6. (Local Function). Let A € U, and let (U, 1, I) be an ideal topological space. The
definition of the local function A* connected to A is

A*={x e U:VO €ET,xEO0O>0NA¢I}

Definition 7. (I-Open Set). Let A € U, and let (U, 1, I) be an ideal topological space. An I-
open set is defined as the set A if A € Int(A*), where A* is A's local function in relation to
ideal I. IO(U, 1, I) represents the family of all I-open subsets of U.

Definition 8. [-Continuous Function, Let (Y, o) be a topological space, and let (U, t, I) be an
ideal topological space. If the inverse image of any open set in Y is [-open in U, then a
function f: U — Y is said to be I-continuous. Similarly, for each V € o, f (V) S

Int((f (V) #).
3. Material and methods:

Give enough information so that a different researcher may replicate the work. Methods
that are already published should be summarized and identified by a citation. A Theory
section should enrich, not rehash, the background of the subject previously dealt with in the

Introduction and establish the platform for additional study.

Remark 1. One might demonstrate that s* (R + h) = s? k s2h by comparing phrases and using

power series to extend both sides. After that, one may apply the inequality.
If(&K+ h) — F(R)| = [s¥h — s&| = |sfsh — s&| = |sF||s" — 1],

conjunction with Example 4's argument, demonstrate the continuity of £ (k) = s* at an arbitrary

keR

Naturally, it aids to prove a few statements that will allow us to prove continuity even in the
absence of an explicit 0 for a certain €.
Proposition 1. Imagine that f: U —» R where U € R and p € U. Therefore, f is continuous at

p if and only if it meets the requirements for convergence to f(p).

Proof: suppose that f is continuous at ¢ and that € > 0 is given. Then, there is a § > 0 such that
keU and |k—pl<d = |[f(K)—f(p)|<e.

Suppose now that (k_n) is any sequence in U which converges to p. Then thereis N € N
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Such that n < N implies that |k,, — p| < §. But then.
n>N = [|[f(&)-fl<e
Hence (f(k_n)) converges to f(p).

Suppose that f is not continuous at p. Then there exists an € > 0 such that there is no § > 0

such that
keU and |k—p|<déd = |f(K)—f(p)|<e.

This indicates that there is a value of € > 0 such that for any n inside N, it is not true that
1
keU and |k—p| <E = |f(K)—f(p)| <e.

However, this implies that we can select for each n € N. k,, € U such that |k, — p| < % and

|f(k,) — f(p)| > €. Then (k,) converges to p but ( f (kn)) does not converge to f(p).

We can transfer several results about limits to continuous functions using the previous

proposition. Based on the Proposition at the conclusion of §1, we so derive:

Proposition 2. If f : U > Rand g: U — R are both continuous functions, as are the product
f(g) and the total f + g. As well, if g(K) # 0 for kK € D, then f/g : U — R is continuous, for

instance.

We can construct numerous new continuous functions from existing ones thanks to this notion.

Consequently, beginning with the notion that the function is constant and continuous,

f(K) = Kk is continuous, for instance, we can draw the conclusion that any polynomial is

continuous.

Theorem 1. Suppose f : K = Y is a mapping from one fully separable metric space to another.

(0,tm) and (Y, ty). The statements that follow are therefore equivalent.

(1) There is a positive function & on O for any € > 0 such that

t(f®,f@) <e
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Whenever
tg(k,§) <min {§(K),5()}.
(1) The function of f is a member of the first Baire class.

Proof: (1) — (2). Let F be a closed, non-empty subset of K. It is sufficient to demonstrate that

F 4 ; has a continuity point. Thus, we demonstrate that, for some k € F,

inf sup

{If(r) = f(@I:r,z € Ny (K)AF} = 0,

Where N, (K) = {r € 0 : dm (r,K) < h}.
Suppose, to the contrary,

ws(K,F) > ofor eachk € F.

Then we have

F= U P,
n=1

Where P, is the closed set {m € F : wf(K F) = %}. By Baires Category, Theorem: P, has a

non-empty interior if there exists ng € N. Vin F. Write | =V C B,.

As mentioned in (1), let d now be a positive function that corresponds to

PutF, = {k el: 6(k) > %} Then we have. [6]

I= U E,.
n=1

We review the definition of continuity: Let f : [a,b] — Rand 00 € [a,b].fis continuous at

Ry if for every € > 0 there exists § > 0 such that |k — k0| < & implies |f(K) — f(k0)| <
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€. We sometimes indicate that the 6 may depend on € by writing §(¢). All proofs of continuity

of functions using the definition adhere to a set format, just like convergence of sequences.

Lemma 1. Let A be a portion of a space.(K, 7). Then S is a-open in (K, 7) If S is both semi-
open and per-open in (K, 7). [7]

Proof; essential. Allow S € 7%. Using the notion of a-open sets, we may S < Int (UI(S)) and
ScPl (Int(S)). Therefore, we obtain S € WK(K,t)APM(K, 7). Sufficiency. Let S €
WM (K, t)APM(K, 7). Since S € WM(K, 1), S c PI(Int(S)) and hence it follows from S €
PM (K, ) that

S ¢ Int(PI(S)) = Int (PI (PI(Int(S)))) = Int (PI(Int(5))).

4. Results:

Several fundamental mathematical conclusions are derived from the systematic behavior
of ideal topological spaces and structural classifications. Through the fundamental work
provided in Section 2, the characteristics of a-continuous functions are effectively mapped.
The key finding implies that a function f: K — Y achieves a-continuity if and only if it

satisfies both precontinuity and semi-continuity concurrently.

Theorem 2. A function of f : K — Y is a-continuous, if and only if f is a.c.H. and semi-

continuous.
Proof; This is a direct result of Lemmal.

Definition V. S function f : (K,7) — (?, 0) 1s considered to be extremelyn- continuous when

f equals a.c.H. and for all

v,V € o,

Int (PI(f~2(v))) alnt (PI(F~1(V))) < Int (PI(f (v AV))).

Theorem 3. Not all a-continuous functions are irresolute.
Proof.
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We construct a counterexample.
Let K=Y = {a, b, c}, and consider the topologies
T = {@.{c}{a,b},K}, o = {0,{c},Y}
Define f: (K, 1) — (Y, o) by f(x) = x for every x € K.
Since 6 C 1, the function f is continuous and hence a-continuous.
Now consider the set V = {a,c} € Y.
Inta(V) = {c}, Clo({c}) =Y., V < Clo(Into(V)) =Y,
which shows that V is semi-open in (Y, o).
1) = {ac}
In (K, t), we have
Intt({a,c}) = {c}, Clt({c}) = {c}.

Consequently,

{a,c} € Clr(Intt({a,c})) = {c}.
Thus, (V) is not semi-open in (K, 1).
Therefore, f is a-continuous but not irresolute.
Hence, not every a-continuous function is irresolute.
Definition Y. A function f : (K, 7,1) = (Y, 0) is considered I-continuous if for each

Veo,f 1) eIKK,1).

Proposition 1: Let (Y, o) be a topological space and (U, 7, ) be an ideal topological space. A
function f: U — Y is precontinuous if it is I-continuous.

Evidence. Assume that f'is I-continuous. A = f~*(V), where V is an arbitrary open setin Y.
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A is I-open since f is I-continuous. Consequently, A € Int(4 *).Given that A x S CI(4), it

follows that

A € Int(A%) € Int(Cl(A)). (1)
Because V was arbitrary, every open set in Y has an inverse image that is preopen in U, hence
A is preopen in U.

As aresult, f is precontinuous.
And the converse is not true as shown by the following example.

Example 1.

Assume that U =Y = {a, b}, with

1= {0, {a}, U}, o= {0, {a}, {b}, Y},and I = {n, {b}}.
Use f(a) =a and f(b) =b to define f: U — Y.

f is precontinuous since each subset of U is preopen.
But for V = {b} € o, we obtain

(V)= {b}, and {b}* = @ Consequently,

{b} € Int({b}*) =h.

Therefore, f is not I-continuous since {b} is not [-open.

Consequently, Proposition 1's opposite is not true.

Example 2. Let K=Y = {a, b}, with

[={=},1={0, {b}, Y}, and t = {1, {a}, K}.

Use f(a) =a and f(b) =b to define f: K — Y.

For V= {b} € 0, we have

(V)= {b}.

Given that {b}* = CI({b}) =K,

We acquire

{b} C Int({b}*)=K.

Consequently, fis I-continuous. Nevertheless, f is not continuous as {b} is not open in .

Consequently, ordinary continuity is not implied by I-continuity.

Theorem 4. Let f be a function: (K, t, I) — (Y, 6). The following claims are therefore
equivalent:

(1) fis I-continuous.
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(i1) There exists an [-open set E such that x € E and f(E) € V for every x € K and every open

set V containing f(x).

Evidence.

Proof.

(1) ' (i1): Assume that f'is I-continuous. Let V be an open set that includes f(x). Thus, x € E,
f(E) €V, and E = (V) is [-open.

(i1) ' (1): Let V be any subset of Y that is open. There is an [-open set E that contains x such
that

Ecf? @

for every x € (V). £(V) is [-open since arbitrary unions of I-open sets are [-open.

Consequently, fis I-continuous.

Theorem 5. Let f: (K, 7, I) — (Y, o) be a function. Then f is I-continuous if and only if the
inverse image of every closed subset of Y is I-closed in K.

Proof.

Assume that f is I-continuous. Y — F is open in Y if F is any closed subset of Y. Therefore,
fAY -FB=K-f'F @)

Since f is l-continuous, f~*(F) is I-open in K. consequently f~*(F) is I-closed in K. On the
other hand, let V be any open subset of Y and assume that any closed subset of Y has an inverse
image that is I-closed in K. (Y — V) is I-closed since Y — V is closed. Consequently,

fffN=K-f-v)

The complement £'(V) is [-open in K since (Y — V) is I-closed in K. Consequently, fis I-
continuous.

Therefore, f is I-continuous.

5. Discussion

The study's findings shed light on a number of connections between generalized forms of
continuity in ideal topological spaces. Specifically, the description of a-continuity in terms of
semi-continuity and precontinuity offers a helpful link between these ideas. Every I-continuous

function is precontinuous, according to Proposition 1. But as Example 1 shows, the opposite is
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not always true. Furthermore, Example 2 shows that I-continuity does not imply ordinary

continuity. These examples illustrate the distinctions among these classes of functions. While
Theorem 5 presents an identical characterisation in terms of inverse images of closed sets and
I-closed sets, Theorem 4 offers a local characterization of I-continuity using I-open
neighborhoods. When combined, these findings offer complementary methods for researching
I-continuous mappings. Overall, the results show the importance of ideals in defining the
characteristics of mappings across topological spaces and arrange the connections between

generalized continuity ideas.

6. Conclusions

With a focus on I-continuity, precontinuity, and a-continuity, this work investigated the
connections between generalized forms of continuity in ideal topological spaces. The results prove
that any I-continuous function is precontinuous, but the converse is not necessarily hold.
Furthermore, the counterexamples illustrate that I-continuity does not entail ordinary continuity.
Equivalent characterizations of I-continuity were also provided using I-open neighborhoods and
inverse pictures of closed sets. These results demonstrate the function of ideals in extended
topological structures and shed light on the connections between various continuity notions. Future
studies might look at these characteristics in soft topological spaces and see how they relate to

separation axioms and compactness.
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Abstract:

This study reports the synthesis and characterization of a series of novel mixed-ligand
cadmium(Il) complexes derived from 5-(benzylthio)-1H-tetrazole (L) in combination with
mono- and bidentate phosphine ligands . Three complexes, namely = [CdL2(PPh3):]Cly,
[CdoLa(p-dppm)2]Cl, and [CdL2(dppp)]Cl.  were succefully synthesized and fully
characterized . The structural characterization was performed using Fourier-transform
infrared spectroscopy (FT-IR), proton nuclear magnetic resonance ('H-NMR), phosphorus
nuclear magnetic resonance (*'P-NMR) , elemental ( CHN) analysis, and scanning electron
microscopy (SEM). Spectroscopic investigations confirmed that the tetrazole ligand acts as a
bidentate ligand through coordination via nitrogen donor atoms, whereas the phosphine
ligands coordinate through phosphorus atoms. SEM images revealed that the synthesized
complexes possess well —defined and homogeneous  nanostructured morphologies
.Furthermore, the biological activities of the prepared complexes were evaluated against

selected bacterial and fungal strains as well as cancer cell lines . The obtained results
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demonstrated promising biological properties, highlighting the potential of these cadmium

(IT) complexes as candidates for further pharmaceutical investigation . Overall , this work
provides valuable insights into the design of biologically active metal complexes and

broadens their potential application in medicinal and environmental chemistry .

Keywords: (5-Benzylthio-1H-tetrazole) , Cd (II) complexes, phosphines, and bioactivity
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Introduction:

Tetrazoles are unsaturated heterocyclic organic compounds (aromatic) comprising one carbon
atom and four nitrogen atoms arranged in a five-membered ring, and the general molecular
formula for the basic ring is CHoNs. These compounds mostly exist in the form of yellow
crystalline solids with a distinctive odor, and they have the ability to dissolve in water and
polar organic solvents such as alcohol and water [1]. Tetrazoles receive extensive attention

and have a several uses in medical and pharmaceutical chemistry as a result of their multiple
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biological and pharmacological activities [2]. Structurally, the unsubstituted tetrazole exists in

a dynamic equilibrium between two tautomeric forms:

7\ [\
N\ /N HN\/

N
H

The most common method for preparing a tetrazole ring is by adding hydrazoic acid or
an azide to compounds containing an unsaturated nitrogen bond, such as carbodiimines,
cyanates, thiocyanates, and cyanides. During this reaction, the intermediate compound,
imideazides, is formed, which undergoes cyclization to form the tetrazole ring [3], The
synthesis of the tetrazole ring involves the reaction of compounds containing an unsaturated
nitrogen bond with hydrazoic acid or azides, followed by the formation of an intermediate

that undergoes cyclization to produce the tetrazole ring, as illustrated in Figure 1.

R
\C——NH
RC=—N + NH4 —> R c NH << — // \
N N
A4
N, N

R=Alkyl or Aryl groups

Figure (1) : This figure show how to prepare tetrazole ring

Material and methods :

The substances were synthesized using unpurified ingredients and solvents. The phosphines
used in the research were: triphenylphosphine (PPhs) and 1,2-bis(diphenylphosphino)ethane
(dppe).

The melting points of the prepared complexes were measured using an automatic melting
point apparatus (SAM30). The infrared spectra (FT-IR) of the complexes were recorded as
KBr pellets using a SHIMADZU 8400S spectrometer between (400 and 4000) cm™. The
magnetic nuclear resonance (NMR) spectra were captured with a 400 MHz Varian Unity
Spectrometer. in DMSO-d®. To determine the properties of thick or thin samples of the
material, observe their shape, and identify the nanoscale or crystalline dimensions of the

particles, a TESCAN MIRA3 device was used.

Practical steps:
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L
- s =4 : — > 4 ,&

Figure (2): 5-(Benzylthio-)1 H-Tetrazole

Step one:
Preparation of the complex [CdL2(PPh3)2]Cl:

A solution of the ligand LH ,Cadmium chloride (0.16 g, 0.86 mmol) in 5 ml of ethanol
was mixed with (0.1 g, 0.5 mmol) in 5 ml of ethanol. forming a milky-colored mixture. The
solution was heated at 70 °C for two hours, then PPh3 The mixture was supplemented with
(0.13 g, 0.5 mmol) in 5 ml of ethanol. After two more hours of heating, the precipitate was
filtered while still hot, cleaned with cold ethanol, and left to dry at room temperature. (wt =
0.08 g, %=50%, m.p = 160-163 °C).

Preparation of the complex: [CdL2(dppm)]|Cl2:
Add the ligand (0.129 g, 0.62 mmol) to cadmium chloride (0.1 g, 0.31 mmol) in a round-

bottom flask, then add to the mixture 25 ml of chloroform. A colorless.

solution forms, stirring for two hours at 50 °C, resulting in a milky suspension. Then add to it
a solution of (0.119 g, 0.31 mmol) dppm in 5 ml of chloroform. Stir the mixture at 70 °C for
two hours until a colorless solution forms. Place it in a beaker and leave to dry at room

temperature. (wt = 0.18 g, %=60%, m.p. = 194-196 °C).

Preparation of the complex [CdL2(dppp)] :
Prepared as described in the method mentioned in paragraph (A). (wt = 0.2 g, %=66%,
m.p = 163-165 °C).
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N—N

O i 50
SURe YIS

[Cd,L4(u-dppm),|Cl,

Cd(OAc),
dppm

[CdL,(PPh3),|Cl,
N—N

N——-N 2\
@/\ AAq th
©/\ Cd(OAC), N_"<\ Cd(OAC),
\‘4 d \0
N\ 7 A

7 N—n
[CdL,(dppp)ICl,

[CdL2(dppp)ICL2 , [Cd2Ls(p-dppm)2] Cl2 , [CdL:2 (PPh3):] Clz
Figure(3) : Schematic diagram of the prepared complexes

[CdL2]ClL2: White Powder, (0,14 g), rendementde 77%, pointde fusion :( 182-184)°C. FTIR
(KBr).: 3058m v(C-H)Arom, 2991m v(C-H)aliph, 1620s v(C=N), 1346m v(N=N), 1242s
Vv(N-N), 769m v(C-S), 422w v(M-P) .

'"H NMR: (DMSO0-d6) §(PPm): 7,62 (d, 3] = 7.88 Hz, 4H, Ha), 7.39 (t, (*Jun=7.70 Hz,*Ju.n=
1.20 Hz) 4H, Hy), 7.26 (t, *Jun= 7.66 Hz,Juu= 1.16 Hz, Hc), 4.25(s, 4H,CH2).13C-{'H}-
NMR: 157.69 (C1), 137.99 (C2), 129.33 (s,C3), 128.81 (5,C4), 127.66 (m,C5), 36.91 (m,C6).

]CdL2 (PPh3)2]Cl2: White powder (0.4 g), yields 86%, m.p.( 175-178) °C. FTIR (KBr):
3031m (C-H)Arom, 2921m (C-H)aliph, 1618s (C=N), 1552s (C=C), 1433s (P-Ph), 1249s (N-
N), 750s (C-S), 696m (P-C), and 424s v (M-P).1H NMR (DMSO-d6) 6(PPm): 7.45 (d, 3] =
8.11 Hz, 4H, Ha), 7. 26.30 (b, 30H, HPh), 7.18 (t, 3J = 7.56 Hz, 3] = 1.24 Hz, 4H, Hb), 7.14
(t, 4JH-H = 1.16 Hz, 3JH-H = 7.48 Hz, 2HHc), 7.32 (s, 3J = 4.06 Hz, 4H,
CH2.2'P {'H}NMR=25.63(s).

[CdL2(dppm)]ClL2: 60% of the white powder (0.18 g) has a m.p. of (194-196) °C. FTIR
(KBr): 3076m (C-H)Arom, 2983m (C-H)aliph, 1625s (C=N), 1560s (C=C), 1433s (P-Ph),
1244s (N-N), 748s (C-S), 696m (P-C), and 426s v (M-P).7.44 (d, 3] = 7.48 Hz, 4H, Ha), 7.40
(m, 2H, HPh), 7.25 (b, 18H, HPh), 7.34 (t, 3J = 7.50 Hz, 3] = 1.22 Hz, 4H, Hb), 7.29 (t, 4JH-
H = 1.14 Hz, 3JH-H = 7.45 Hz, 2H, Hc), and 732 (s, 3] = 4.19 Hz, IH,
CH2) 3IP{'"H}NMR=23.59(s).
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L
[CdAL2(dppp)]ClL: : 0.2 g of white powder gives 66%, m.p. (163-165) °C. FTIR (KBr): 3049m

(C-H)Arom, 2923m (C-H)aliph, 1629s (C=N), 1431s (P-Ph), 1240s (N-N), 769s (C-S), 692m
(P-C), and 432s v (M-P).1H NMR (DMSO-d6) 8(PPm): 7,64 (d, 3] = 8.10 Hz, 4H, Ha), 7.58
(m, 20H, HPh), 7.47 (t, 4TH-H = 1.20 Hz, 3JH-H = 7.48 Hz, 4H, Hb), 7.38 (b, 4TH-H = 1.26
Hz, 7.58 Hz, 8H, Hb), and 4.34 (s, 4H,CH2), 3.62 (t, 4H, CH).>'P{'H}NMR=28.13(s).

2.520M50
!

P

T i

e
33 TR 5328 120 [
e = o |
S S e Nt~ ¥~
a { b ) c N==0 25000
2 som | | a : N
’ 1 b= Y\s%\
| w1 \ 3
‘ [ \h/ 7‘\/ 20000
Al 2000 P4
| A i1 _b <
Wl b e a N
B T ok A 4 -
' S / b .
T = =5 x o = S \ N
2 = =z M - | . ol
70 60 S0 740 72

Figure (4): Proton Nuclear Magnetic Resonance Spectrum of the Complex [CdL2]|Cl:

Results and Discussion:

Infrared Spectrum of the Complex [CdL2]Cl2:

The infrared spectrum of the complex [CdL2]Cl> showed the disappearance of the N-H
band that was present in the ligand at the frequency (3199 cm™) and the complex's band's
emergence at the frequency (1620 cm™') attributed to v(C=N) [4]. There was a band at (1589
cm™!) assigned to v(C=C) of the aromatic ring [5], and a band at the frequency (1346 cm™)
attributed to v(N=N) [6]. Another band appeared at (1242 cm™") ascribed to v(N-N) [7], and a
band at the frequency (769 cm™') assigned to v(C-S) [8]. In addition, a medium band at the
frequency (3058 cm™!) was attributed to v(C-H) of the aromatic group [9], and a band at the
frequency (2991 cm™) assigned to v(C-H) of the aliphatic group [10]. A band appeared at the
frequency (422 cm™) attributed to v(Cd-N) [11].
Meanwhile, The produced complexes' infrared spectra revealed a novel signal between 1433 s
and 1429 s and 1097 m and 1095 m, which was ascribed to v(P-Ph) and v(P-C), respectively,
and a signal in the range (1629 s - 1618 s) assigned to the v(C=N) group, as well as a signal
within the ranges (2983 m - 2912 w) and (3076 s - 3031 m) attributed to Alph. v(C-H) and Ar
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Figure (5): Proton Nuclear Magnetic Resonance Spectrum of the Complex [CdL2]Cl:

The proton nuclear magnetic resonance (‘H NMR) spectrum of the produced compounds
(1-2) displayed many indications.: six signals at the chemical shifts (7.45, 7.84, 7.26, 7.27,
7.56, 7.58) due to protons Ha, HPh, Hb, respectively. In addition, a singlet was observed at
the chemical shifts (4.30, 4.25) due to (CH»2) protons, and a singlet at o0H = 2.08 ppm
integrating for four protons corresponding to (CH) in the (dppe) complex. The *'P{'H} NMR
spectrum showed signals at the chemical shifts 30.06, 25.63, 23.59, respectively [12].

Detailed analysis of the elements :

The proportions of carbon, hydrogen, cadmium, nitrogen, phosphorus, and sulfur in the
prepared compounds were estimated. These experimentally obtained proportions showed
agreement with the theoretically calculated values for the proposed formulas of the ligands
and complexes. The closeness of the results supports the accuracy of the proportions used in

the preparations, as shown in the table below :

Table (1): detailed analysis results for elements

Seq | compounds C H Cd N P S
\ L 49.95 4.16 29.09 16.66
(49.98) (4.19) (29.14) (16.68)
Y [ CdLa(pphs)2]Cla 61.24 4.33 11.01 10.96 6.06 6.25
(61.27) (4.35) (11.03) (10.99) (6.08) (6.29)
¥ | [ CdLa(p-dppm)2]Cl 35.75 2.82 19.66 19.61 10.83 11.22
(35.72) (2.83) (19.69) (19.63) (10.85) (11.23)
¢ [ CdL2(dppp)2] Cl2 38.07 3.35 18.73 18.67 10.32 10.68
(38.10) (3.37) (18.77) (18.71) (10.34) (10.71)
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SEM Outcomes :

The majority of coordination compounds with regular geometric structures can be
produced at the nanoscale, according to recent investigations on their geometric structure. A
few complexes made with the SEM method had their microstructure's morphological
appearance examined.
Through scanning electron microscope analysis of the complex [Cd(L)2(dppp)] Clz, the
average peak of the complex body radii was 70 nm, which falls within the range of

nanoparticles.

60 80 100 120
Particle Size (10pm)

Figure (6): (a) SEM image of the complex [Cd(L)2(dppp)|Cl2 at 1 pm and 10 pm
Graph (1): (b) Particle sizes and Gaussian curve for the complex [Cd(L)2(dppp)]Cl2 at
10 pm

Biological Activity :

The Using the antibiotic Amikacin as a reference, the biological activity of the
complexes was evaluated against four bacterial species: Escherichia coli (-), Acinetobacter
baumannii (-), Staphylococcus aureus (+), and Enterococcus faecalis (+) at doses of 0.01,
0.001, and 0.0001 mg/mL. As seen in Figure 3, every complex exhibited action against the
bacterial species. The concentration of ten showed weak activity against the bacterial species,

while complex (1) showed the highest inhibition percentage at concentration 103 against (-)
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Acinetobacter baumannii and (-) Escherichia coli. Complex (2) showed the highest inhibition

percentage at concentration 180 against (+) Staphylococcus aureus and Enterococcus faecalis.

Complex (1) showed the highest activity at concentration 10 against ((Escherichia coli), while

complex (2) showed the highest activity at the same concentration for the other species.

Acinetobacter baumannii (-)

14
12 A
10 A
H0.01 g/mol
8 .
H 0.001 g/mol
6 .
0.0001 g/mol
4 .
2 .
O T T 1
[Cd(L)2] [Cd(L)2(PPh3)2] [Cd(L)2(dppe)]
(a)
Escherichia coli(-)
20 A
15 -+
m 0.01 g/mol
10 - 7 0.001 g/mol
0.0001 g/mol
5 -
0 T T 1
[Cd(L)2] [Cd(L)2(PPh3)2] [Cd(L)2(dppe)]
(b)

Staphylococcus aurous(+)
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0.0001 g/mol
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(¢)

Enterococcus faecalis(+)

25 7

20 A
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(d)

Figures (7) : The the prepared compounds' ability to suppress the development of a number of Gram-

positive and Gram-negative bacteria (a, b, ¢, and d)
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Conclusions:

1- A new series of novel mixed-ligand cadmium(II) complexes was successfully synthesized using 5-
(benzylthio)-1}H tetrazole (L) in combination with mono- and bidentate phosphine ligands,
yielding three specific complexes:[CdL2(PPh3) 2] Clz, [Cd2L4(n-dppm) 2] Cl, and

[CdL2(dppp)] Cl2.

2- Spectroscopic and elemental analyses (FT-IR, ! H-NMR, 3! P-NMR, and CHN) confirmed that
the tetrazole ligand acts as a bidentate donor coordinating via nitrogen atoms, while the phosphine

ligands coordinate through phosphorus donor atoms.

3- Scanning Electron Microscopy (SEM) analysis revealed that the synthesized complexes exhibit

well-defined, homogeneous nanostructured surface morphologies .

4- valuated complexes demonstrate promising biological properties, showing activity against

selected bacterial and fungal strains as well as cancer cell lines.
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Abstract:

The Upper Triassic carbonate succession of northern Iraq represents an important record
of the northeastern Arabian Plate passive margin and provides valuable information about
carbonate platform evolution during the development of the Neo-Tethys Ocean. This study
investigates the petrography, microfacies characteristics, depositional environments, and
diagenetic evolution of the Kurra Chine and Baluti formations based on detailed microscopic
examination of carbonate thin sections from the Ranya and Sirwan sections, northern Iraq.
Petrographic analysis reveals that the studied succession is dominated by limestone, dolomitic
limestone, and dolostone affected by extensive diagenetic modification. Four major microfacies
were recognized in Kurra Chine and six microfacies in the Baluti formation based on carbonate
texture, allochem composition, Standard Microfacies (SMF), and Wilson facies zones. The
identified microfacies indicate deposition within a shallow homoclinal carbonate ramp
extending from restricted lagoonal environments to open lagoon and shoal-margin settings. The

Kurra Chine Formation records relatively open inner-ramp conditions, characterized by
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P,
transitions from restricted lagoon (FZ8) through open lagoon (FZ7) to shoal-margin

environments (FZ6). In contrast, the Baluti Formation represents a more restricted carbonate
system dominated by lagoonal conditions with intermittent siliciclastic input and localized open
marine influence. Petrographic observations indicate that both formations experienced complex
diagenetic histories involving dolomitization, recrystallization, calcite cementation,
dissolution, compaction, and fracturing. Dolomitization represents the dominant diagenetic
process and played a significant role in modifying primary carbonate fabrics and developing
secondary intercrystalline porosity. Dissolution locally enhanced pore development, whereas
late calcite cementation and compaction reduced pore connectivity. The results demonstrate
that the Baluti and Kurra Chine formations record cyclic changes in depositional conditions
related to relative sea-level fluctuations during the Late Triassic. The integration of
petrographic and microfacies analysis provides a comprehensive understanding of carbonate
platform evolution, diagenetic modification, and reservoir-quality controls within Upper

Triassic carbonate successions of northern Iraq.

Keywords: Baluti Formation; Carbonate microfacies; Depositional environment;
Diagenesis; Kurra Chine Formation; Northern Iraq; Petrography.
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1. Introduction:

Petrographic and microfacies analyses constitute fundamental tools in carbonate
sedimentology because they provide critical insights into depositional environments, facies
architecture, diagenetic evolution, and reservoir characteristics. Petrography focuses on the
mineralogical composition, texture, fabric, and diagenetic modifications of sedimentary rocks
through microscopic investigation, whereas microfacies analysis integrates petrographic,
paleontological, and sedimentological evidence to reconstruct depositional settings and basin
evolution [1-3]. The application of microfacies concepts has significantly enhanced the
interpretation of carbonate platform systems by enabling the recognition of environmental
gradients ranging from supratidal and lagoonal settings to shoal, open-marine, and basinal
environments [3]. Carbonate rocks are particularly sensitive to post-depositional alteration, and
therefore their present-day characteristics reflect the combined influence of depositional and
diagenetic processes. Micritization, cementation, compaction, dolomitization, dissolution, and
recrystallization may substantially modify original textures and pore systems, thereby affecting
reservoir quality and stratigraphic interpretation [3-4]. Consequently, the integration of
petrographic observations with microfacies analysis has become an essential approach for
understanding the evolution of carbonate successions and evaluating their geological and

economic significance. In northern Iraq, Upper Triassic carbonate—evaporite successions
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represent an important record of the northeastern Arabian Plate during the development of the

Neo-Tethys Ocean. Among these successions, the Baluti and Kurra Chine formations are of
particular significance because they document major environmental fluctuations associated with
changes in sea level, platform restriction, and evaporitic conditions [5-6]. The Baluti Formation
is characterized by interbedded shale, marl, limestone, dolomitic limestone, and evaporitic
deposits, indicating deposition in restricted shallow-marine to lagoonal environments. In
contrast, the overlying Kurra Chine Formation consists predominantly of thick carbonate and
evaporite successions deposited on a shallow carbonate platform subjected to repeated episodes
of restriction and evaporation [6]. Recent investigations have highlighted the complexity of the
Kurra Chine depositional system and its significant lateral and vertical facies heterogeneity.
Integrated petrographic, sedimentological, and petrophysical studies identified multiple
carbonate microfacies deposited within supratidal, intertidal, lagoonal, shoal, and open-marine
settings, reflecting cyclic shallowing-upward successions developed on a carbonate ramp system
[7-8].

Furthermore, detailed petrographic analyses demonstrated that diagenetic processes,
particularly dolomitization, cementation, and dissolution, exerted a major control on pore-
system evolution and reservoir properties within the Kurra Chine Formation [8-9]. Recent
studies from the Sirwan Valley and subsurface oil fields in northern Iraq also emphasized the
importance of petrographic and microfacies investigations for reconstructing depositional
environments and understanding reservoir heterogeneity within the Upper Triassic succession
[9]. Therefore, a comprehensive petrographic and microfacies investigation of the Baluti and
Kurra Chine formations provides valuable information regarding depositional environments,
facies distribution, diagenetic history, and paleoenvironmental evolution of the Upper Triassic
succession in northern Iraq. Such studies contribute significantly to regional stratigraphic
correlations and improve the understanding of carbonate platform development along the
northeastern margin of the Arabian Plate. Although several studies have investigated the Upper
Triassic carbonate succession in northern Iraq, integrated comparative petrographic and
microfacies analyses of both the Kurra Chine and Baluti formations remain limited. Therefore,
this study aims to characterize their petrography, microfacies, depositional environments, and
diagenetic evolution in the Sirwan and Ranya sections to improve the understanding of the Late
Triassic carbonate platform. The objectives of this study are to classify the carbonate
microfacies, interpret the depositional environments, identify the principal diagenetic processes,

and compare the depositional evolution of the Kurra Chine and Baluti formations.
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2. Tectonic setting and structural geology:

The geological evolution of northern Iraq is closely related to the opening and
subsequent evolution of the Neo-Tethys Ocean along the northeastern margin of the Arabian
Plate. The Neo-Tethys originated as a result of continental extension and rifting associated with
the fragmentation of the northern margin of Gondwana during the Middle Permian. This
tectonic event led to the separation of the Cimmerian continental blocks from the Arabian Plate
and initiated the progressive opening of the Neo-Tethys Ocean, which continued throughout
the Triassic and Early Jurassic (ca. 250-160 Ma) [ 10]. The opening of the Neo-Tethys occurred
in two principal tectonic phases. The first phase took place during the Permian—Triassic, when
the Iranian microplate drifted northward away from the Arabian Plate toward the Eurasian
margin, resulting in the development of an extensional passive continental margin [11-13]. The
second phase extended from the Late Triassic to the Middle Jurassic, during which the Neo-
Tethys reached its maximum width of approximately 4,000 km. Continued extension along the
northern and northeastern margins of the Arabian Plate promoted the development of broad
carbonate platforms, restricted intraplatform basins, and localized evaporitic environments that

characterized the Upper Triassic sedimentary succession in northern Iraq [13] Figure 1.

During the Late Triassic, the northeastern Arabian Plate experienced progressive
tectonic instability that terminated the long-lasting stable shelf conditions prevailing since the
Paleozoic. This instability is reflected by rapid lateral facies variations, localized volcanic
activity, syn-sedimentary tectonic movements, and differential subsidence, all of which were
closely associated with the continued evolution of the Neo-Tethys Ocean [14]. In the eastern
Zagros region, basin development continued into the Early Jurassic (Liassic), reflecting the
persistence of extensional tectonics along the passive continental margin [1°]. These tectonic
events resulted in the formation of a broad restricted intra-shelf basin across northern
Mesopotamia, where repeated fluctuations in relative sea level controlled the deposition of
carbonate and evaporite successions represented by the Baluti and Kurra Chine formations

(Jassim & Goft, 2006) [6].
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Figure 1: Geodynamic development of Arabian plate during Middle-Triassic-Norian (after [6]).

Structurally, the investigated Sirwan and Ranya sections are situated within the High Folded
Zone of the Zagros Fold—Thrust Belt in northeastern Iraq Figure 2. This tectonic zone is
characterized by NW—-SE-trending anticlines and synclines that developed during the Cenozoic
collision between the Arabian and Eurasian plates. The present structural configuration has
significantly influenced the preservation, exposure, and deformation of the Upper Triassic

sedimentary succession within the study area [16].
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SIRWAN SECGTION

Figure 2: Illustrates the location of the investigated sections. Part (A) presents the regional tectonic
position within the High Folded Zone of Iraq after [16], whereas Parts (B) and (C) show Google Earth

images of the Ranya and Sirwan sections, respectively.

2. Material and methods:

A total of 11Y fresh rock samples were systematically collected from the two sections,
the Sirwan Valley section is situated at 46°05'06.32" E and 35°06'34.25" N, whereas the Shawre
Valley section lies at 44°44'53.39" E and 36°23'02.19” N Figure 2 B and C, including °*
samples from the Sirwan section, which has an exposed thickness of approximately %Am, and
5¢ samples from the Ranya section, where the measured succession is approximately A%.4 m
thick. The Sirwan locality is positioned adjacent to the Iraqi—Iranian border, whereas the
Shawre section is exposed within the Halabja District of Sulaymaniyah Governorate and
represents an Upper Triassic outcrop that has received comparatively limited geological
attention. This study integrates field observations with petrographic and microfacies analyses of
representative carbonate samples from the Sirwan and Ranya sections. Thin-section petrography,
Alizarin Red S staining, and standard carbonate microfacies classification were applied to reconstruct

depositional environments and diagenetic evolution. Petrographic and Microfacies analysis study
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used a total of 40 thin sections representing limestone, dolomite, dolomitic limestone, and

argillaceous dolomite were prepared according to standard petrographic procedures at Tehran
University. Petrographic examination was subsequently carried out using a polarizing optical
microscope at Al-Kitab University to investigate mineralogical composition, microfacies
characteristics, and diagenetic features. To distinguish dolomite from calcite, Alizarin Red S
staining was applied to 10 representative samples from both investigated sections following the
method of [1V]. Carbonate microfacies were classified and interpreted according to the schemes

proposed by [1] and [3].

4.Results:

4.1 Microfacies Analysis and Depositional Interpretation

The Upper Triassic carbonate succession of the Kurra Chine and Baluti formations was
investigated through petrographic analysis and microfacies classification. Based on lithological
characteristics, carbonate textures, Standard Microfacies (SMF) types, and Wilson’s facies
zones |[2], several microfacies associations were recognized. These microfacies reflect
deposition within shallow homoclinal carbonate ramp systems, ranging from restricted lagoonal
settings to open lagoon and shoal-margin environments. The identified microfacies associations
indicate that the Kurra Chine Formation was deposited within an inner homoclinal carbonate
ramp ranging from restricted lagoonal to shoal-margin environments. The dominance of
dolomitic mudstone and dolomitized wackestone reflects protected lagoonal conditions with
limited circulation, whereas the occurrence of bioclastic wackestone—packstone indicates
intervals of increased marine connectivity and higher depositional energy. The overall facies
distribution suggests repeated fluctuations in relative sea level during the Late Triassic,
producing alternations between restricted and relatively open marine conditions as illustrate in

Table 1 Figure 3.

Table 1. Microfacies characteristics of the Kurra Chine Formation

Microfacies Main Petrographic Characteristics | SMF Wilson Deposmon.al
FZ Interpretation
MF1: Dolomitic Fine-crystalline .dolomlte in a mud- SMF Restricted lagoog; very low
supported fabric; rare quartz and FZ8 energy and limited
Mudstone . 23 ; .
calcite-filled fractures. circulation.
MF?2: Dolomitized M1cr1t1c' matrix Wlth scatt'er.ed . SMF F77— Semi-restricted to protected
skeletal grains; partial dolomitization open lagoon; low—moderate
Wackestone . 23 FZ8
and local calcite cement. energy.
MF3: Bioclastic Abundant skeletal grains in Open lagoon to shoal
. . . SMF . .
Wackestone— micrite/microspar; locally grain- 10-11 FZ6 margin; higher energy and
Packstone supported; minor dolomite. circulation.
MF4: Recrystallized calcite—dolomite . . .
Recrystallized mosaic; relict fabrics locally SMF FzZ7- Restrllgtzc(l);s.esfgl(;rrlesltrlcted
Dolomitic preserved; calcite-filled 23 FZ8 | lagoon, gy
. .. diagenetically modified.
Limestone fractures/cavities.
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Figure 3: Representative photomicrographs illustrating the identified microfacies of the Kurra Chine
Formation. (A) MF1—Dolomitized Mudstone (SKS5); (B) MF2—Dolomitized Wackestone (SK10); (C)
MF3—Bioclastic Wackestone—Packstone (SK17); (D) MF4— Recrystallized Dolomitic Limestone (RK6).

Interpretation of Baluti Microfacies records deposition within a predominantly
restricted inner carbonate ramp. The widespread occurrence of dolomitic mudstone,
argillaceous dolomudstone, and dolomitic siltstone reflects low-energy lagoonal conditions
with significant siliciclastic influence. In contrast, peloidal-bioclastic wackestone—packstone
represents temporary phases of improved marine circulation and increased energy within open
lagoon to shoal-margin settings as illustrate in Table 2 Figure 4, and recrystallized dolostone
is strongly diagenetically modified and therefore provides limited direct evidence for its
original depositional setting. The overall facies pattern indicates a more restricted depositional
system than the Kurra Chine Formation, with stronger influence from terrestrial input and

episodic changes in accommodation space.

Table 2. Microfacies characteristics of the Baluti Formation

. . Main Petrographic Wilson . .
Microfacies Characteristics SMF FZ, Depositional Interpretation
MF1: Argillaceous Dolomicrite with clay, quartz, Restricted lagoon with
and feldspar; strong SMF 19 FZ8 . . e S A
Dolomudstone S0 intermittent siliciclastic input.
dolomitization.

Fine-crystalline dolomite with

MF2: Dolomitic few allochems; local calcite- SMF 23 FZ8

Restricted lagoon; low energy

Mudstone filled fractures/cavities and evaporative conditions.
MF3: Dolomitized Dolomltlzeq micritic matrix with Protected open .lagoon; low
skeletal grains, peloids, and rare | SMF 18 Fz7 energy with improved
Wackestone . . .
intraclasts. circulation.
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MF4: Dolomitic

Dolomicritic matrix with

Restricted lagoon with periodic

calcite-filled fractures/cavities.

Siltstone abundant fine quartz and minor | SMF 19 FZ8 siliciclastic influx.
calcite.
MFS.: Pe101.d al- Peloids and skeletal grains in .
Bioclastic e . Open lagoon to shoal margin;
micrite; locally grain-supported; | SMF 11 FZ6 . .
Wackestone— . o relatively higher energy.
partial dolomitization.
Packstone
MF6: Recrystallized Medium—coarse dolomite; Restricted lagoon to supratidal,
- eery original fabric largely destroyed; | SMF 23 | FZ8-FZ9 | _agoon 1o supratidal,
Dolostone intense diagenetic alteration.

Scale bar X 10

Figure (4): Representative photomicrographs illustrating the identified microfacies of the Baluti
Formation. (A) MF1—Argillaceous Dolomudstone (RB2); (B) MF2—Dolomitic Mudstone (SKB30); (C)
MF3—Dolomitized Wackestone (SKB27); (D) MF4—Dolomitic Siltstone (RB10); (E) MF5—Peloidal-
Bioclastic Wackestone—Packstone (SKB21); (F) MF6—Recrystallized Dolostone (SKB28).

4.2 Diagenetic Processes of the Kurra Chine and Baluti Formations

Both the Kurra Chine and Baluti formations experienced complex diagenetic histories

involving marine, meteoric, and burial processes that significantly modified the original

carbonate fabrics and influenced their pore systems. The main diagenetic processes recognized

include dolomitization, recrystallization, calcite cementation, dissolution, compaction,

fracturing, and development of secondary intercrystalline porosity Figures 5 and 6.

Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

288



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Eman W. Al-Berzanje!, Hassan A. Al-Jumailyz, Ali I.Al-Jubourys. / Al-Kitab Journal for Pure Sciences (2026); 10(2):279-298.

P,
Dolomitization represents the dominant diagenetic process affecting both formations.

Petrographic observations reveal partial to pervasive replacement of micritic limestone by fine-
to medium-crystalline dolomite, forming anhedral to subhedral crystal mosaics that commonly
obscure primary textures. The widespread occurrence of dolomite within restricted lagoonal
microfacies suggests early dolomitization under evaporative conditions through interaction
with Mg-rich hypersaline fluids. Subsequent burial processes promoted dolomite

recrystallization and further modification of the carbonate fabric.

Recrystallization accompanied dolomitization and burial alteration, transforming micritic
carbonate material into microspar and coarse crystalline mosaics. This process partially
destroyed original depositional textures while preserving some relict fabrics, particularly within
dolomitized and recrystallized microfacies of both formations.

Calcite cementation was an important late diagenetic process, with sparry calcite commonly
filling fractures, dissolution cavities, and intercrystalline pore spaces. Although cement
precipitation stabilized the carbonate framework, it reduced secondary porosity by occluding
pore networks. Dissolution played a significant role in modifying the pore systems by
generating vuggy, moldic, and enlarged fracture porosity through selective removal of unstable
carbonate components. The partial filling of dissolution cavities by sparry calcite indicates that
dissolution preceded late-stage cementation and was related to the circulation of meteoric or
burial fluids.

Compaction and fracturing affected both formations during burial and tectonic evolution.
Mechanical compaction resulted in grain rearrangement and reduction of primary pore spaces,
whereas chemical compaction produced pressure-solution features and localized stylolites.
Micro- and macrofractures commonly cut carbonate fabrics and diagenetic minerals and were
frequently filled with coarse crystalline calcite, indicating deformation prior to the final
cementation stage. These fractures also enhanced fluid migration and facilitated subsequent
diagenetic alteration.

Development of intercrystalline porosity represents the most significant secondary pore type
associated with dolomitization. Replacement of the original carbonate matrix by dolomite
generated pore spaces between dolomite crystals, locally forming interconnected pore
networks. This porosity is particularly well developed in highly dolomitized intervals of both
formations, including samples SK4, SK5, RB2, and SKB30. However, later calcite cementation

locally reduced pore connectivity.
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Overall, diagenetic evolution of the Kurra Chine and Baluti formations reflects a balance

between porosity-enhancing processes, mainly dolomitization and dissolution, and porosity-
reducing processes, including cementation, compaction, and recrystallization. These
interactions controlled the final petrographic characteristics and reservoir potential of the

Upper Triassic carbonate succession in northern Iraq.

Scale bar X 10

Figure (5): Representative photomicrographs illustrating the main diagenetic processes in the
Kurra Chine Formation: (A) dolomitization (SKS); (B) recrystallization (RK6); (C) calcite
cementation (SK17); (D) dissolution (RK3); (E) fracturing (SK10); (F) mechanical compaction
(SK20); and (G) intercrystalline porosity (SK4).
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Figure 6: Representative photomicrographs showing the principal diagenetic processes
affecting the Baluti Formation: (A) dolomitization (RB2); (B) recrystallization (SKB28); (C)
calcite cementation (SKB27); (D) dissolution (SKB21); (E) compaction (SKB26); (F) fracturing
(SKB24); and (G) Intercrystalline porosity (SKB30).

4.3 Depositional Environment

The microfacies associations of the Kurra Chine and Baluti formations indicate
deposition within shallow homoclinal carbonate ramps developed along the passive margin of
the Neo-Tethys Ocean during the Late Triassic. The recognized facies reflect a spectrum of
depositional environments ranging from restricted lagoonal settings to open lagoon and shoal-
margin environments, primarily controlled by relative sea-level fluctuations and variations in
marine circulation. The Kurra Chine Formation records a relatively open depositional system.
Dolomitic mudstone (MF1) represents restricted lagoonal conditions (FZ8) characterized by
low hydrodynamic energy, limited circulation, and elevated salinity that promoted early
dolomitization. Dolomitized wackestone (MF2) reflects improved marine circulation within
semi-restricted to open lagoon settings, whereas bioclastic wackestone—packstone (MF3)

records the highest depositional energy in open lagoon to shoal-margin environments (FZ6).
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Recrystallized dolomitic limestone (MF4) represents lagoonal carbonates extensively modified

by post-depositional diagenesis.

In contrast, the Baluti Formation represents a more restricted depositional system
dominated by lagoonal conditions. Dolomitic mudstone (MF1), argillaceous dolomudstone
(MF2), and dolomitic siltstone (MF4) indicate low-energy restricted lagoonal environments
influenced by intermittent siliciclastic input from nearby continental sources. Dolomitized
wackestone (MF3) reflects protected open-lagoon conditions, whereas peloidal-bioclastic
wackestone—packstone (MF5) records temporary increases in depositional energy within open
lagoon to shoal-margin settings. Recrystallized dolostone (MF6) reflects extensive diagenetic
modification rather than a distinct depositional environment. Overall, both formations were
deposited within an inner carbonate ramp; however, the Kurra Chine Formation records greater
marine connectivity and more frequent transitions toward open lagoon and shoal environments,
whereas the Baluti Formation reflects predominantly restricted lagoonal deposition with
stronger siliciclastic influence and local supratidal conditions. The vertical facies succession in
both formations indicates repeated Late Triassic relative sea-level fluctuations that controlled

facies distribution across the carbonate platform.

5. Discussion

5.1 Depositional Evolution of the Kurra Chine Formation

The microfacies of the Kurra Chine Formation indicate deposition on a shallow
homoclinal carbonate ramp along the northeastern Arabian Plate during the Late Triassic. The
transition from restricted lagoonal dolomitic mudstone to open-lagoon and shoal-margin
bioclastic facies reflects variations in marine circulation, depositional energy, accommodation,
and relative sea level. The dominance of dolomitic mudstone (MF1) and dolomitized
wackestone (MF2) indicates low-energy, restricted lagoonal conditions where evaporation
favored dolomitization [4];[18]. The preservation of original wackestone fabrics within
partially dolomitized MF2 suggests that dolomitization partly occurred early, followed by
recrystallization during burial [A]. Bioclastic wackestone—packstone (MF3) records improved
marine circulation and relatively higher-energy conditions, representing a transition toward
open-lagoon and shoal-margin settings. This interpretation agrees with previous studies that
recognized a range of inner-, middle-, and locally outer-ramp environments in the Kurra Chine

Formation [7].
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However, the Sirwan and Ranya sections are dominated mainly by restricted inner-

ramp facies, with episodic development of more open and higher-energy conditions. The
vertical facies succession reflects variations in accommodation, hydrodynamic energy, marine
circulation, and degree of restriction, consistent with the regional sequence-stratigraphic
framework of the Arabian Plate [19-20] further highlighted the regional significance of the
Carnian “Marker Dolomite” and its relationship to the Baluti Formation. Recent studies also
demonstrate substantial facies and diagenetic heterogeneity within the Kurra Chine Formation,
which strongly influences reservoir quality [A]. Accordingly, the present study indicates that
the studied sections mainly record restricted inner-ramp conditions interrupted by episodes of

enhanced marine circulation and higher-energy deposition.

5.2 Depositional Evolution of the Baluti Formation

The Baluti Formation records deposition within a restricted inner-ramp carbonate
system influenced by intermittent siliciclastic input. Dolomitic mudstone, argillaceous
dolomudstone, and dolomitic siltstone indicate low-energy lagoonal conditions, whereas
peloidal-bioclastic wackestone—packstone (MF5) reflects short intervals of improved marine
circulation and higher depositional energy. Compared with the Kurra Chine Formation, the
greater abundance of quartz and argillaceous material indicates stronger terrigenous influence,
probably related to proximity to continental sources and/or enhanced terrestrial runoff [5-6].

Edilbi et al. [21] recognized supratidal, intertidal, subtidal, lagoonal, and shoal
microfacies within the Baluti Formation. Mud-rich facies indicate protected, low-energy
conditions, whereas peloids, ooids, intraclasts, and fenestral structures indicate episodic
increases in depositional energy. Asaad et al. [22] similarly documented a heterogeneous
succession of dolomitic limestone, marly limestone, shale, and marl, supporting deposition
under changing rather than uniform environmental conditions. The greater abundance of
argillaceous and siliciclastic material in Baluti represents an important distinction from Kurra
Chine and indicates stronger terrestrial influence and restriction. Edilbi et al. [21] also reported
terrestrial organic-matter input and locally anoxic to suboxic conditions. Lunn et al. [20]
highlighted the stratigraphic significance of the Baluti shale and associated Carnian “Marker
Dolomite.” Accordingly, the present microfacies results indicate a more restricted, argillaceous,
and siliciclastic-influenced depositional system for the Baluti Formation compared with the

more carbonate-dominated Kurra Chine succession.
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5.3 Diagenetic Evolution and Porosity Development

Both the Kurra Chine and Baluti formations experienced complex marine, meteoric, and
burial diagenesis, with dolomitization being the dominant alteration process. The occurrence of
fine- to medium-crystalline dolomite within restricted lagoonal facies suggests early
replacement by Mg-rich hypersaline fluids, followed by recrystallization during burial [4];[18].
The preservation of depositional fabrics in partially dolomitized samples indicates that
dolomitization occurred through multiple stages, with the original depositional texture and
degree of restriction influencing its distribution and intensity. Dissolution represents an
important porosity-enhancing process, producing vuggy, moldic, and intercrystalline pores
through post-depositional fluid circulation. This relationship between dolomitization,
dissolution, and intercrystalline porosity is consistent with previous investigations of the Kurra
Chine Formation [A]. In contrast, calcite cementation reduced pore connectivity by filling
fractures, dissolution cavities, and other available pore spaces. Aswad et al. [23] similarly
demonstrated that calcite cement contributed significantly to porosity reduction in the Kurra

Chine Formation of the Sirwan Valley.

Petrophysical investigations further indicate substantial vertical and lateral variations in
porosity and reservoir quality within the Kurra Chine Formation, emphasizing the combined
influence of depositional facies and subsequent diagenetic processes [9]. Palynofacies evidence
also supports variations in depositional conditions rather than deposition under a single uniform
marine environment [24]. In the Baluti Formation, the association of dolomitization,
recrystallization, cementation, and secondary pore development similarly indicates a complex
diagenetic history. The lithological and microfacies variability documented by [21] and [22]
provides a depositional framework for interpreting this diagenetic heterogeneity. Overall,
reservoir quality in both formations reflects the balance between porosity-enhancing processes,
particularly dolomitization and dissolution, and porosity-reducing processes such as

cementation and compaction.

6. Comparison with previous studies

The petrographic and microfacies characteristics identified in the Baluti and Kurra
Chine formations are broadly consistent with previous investigations of the Upper Triassic
carbonate successions in northern Iraq. Early studies interpreted the Kurra Chine Formation as

a shallow-marine carbonate platform affected by repeated transgression, restriction, and

P,
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq
P,

294



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Eman W. Al-Berzanje!, Hassan A. Al-Jumailyz, Ali I.Al-Jubourys. / Al-Kitab Journal for Pure Sciences (2026); 10(2):279-298.

P,
regression [5-6]. More recent studies recognized restricted lagoon, open-lagoon, shoal, tidal-

flat, and supratidal microfacies, supporting deposition on a homoclinal carbonate ramp
influenced by relative sea-level fluctuations [7-8]. The present study supports these
interpretations but indicates that the Sirwan and Ranya sections were dominated by restricted
inner-ramp conditions, with episodic development of open-lagoon and shoal-margin
environments. The observed facies distribution reflects variations in accommodation space,
hydrodynamic energy, and marine circulation. The results also emphasize the important role of
diagenesis, particularly dolomitization, dissolution, cementation, recrystallization, and
compaction, in modifying carbonate fabrics and controlling pore-system evolution. These
observations are consistent with [A], who emphasized the influence of sedimentological and

diagenetic heterogeneity on the reservoir properties of the Kurra Chine Formation.

For the Baluti Formation, the present results agree with [21], who recognized restricted
lagoonal, tidal-flat, subtidal, and shoal environments. The occurrence of dolomitic mudstone,
argillaceous dolomudstone, dolomitic siltstone, and peloidal-bioclastic facies in the present
study supports a predominantly restricted inner-ramp setting, interrupted by episodes of
increased marine circulation and depositional energy. The lithological heterogeneity reported
by [22] further supports the interpretation of Baluti as a heterogeneous shallow-marine
succession. Diagenetic processes also exerted an important control on reservoir heterogeneity.
Balaky et al. [8] demonstrated that dolomitization and dissolution may enhance pore
development, whereas cementation, compaction, and recrystallization may reduce pore volume
and permeability. Calcite cementation was also shown to influence porosity evolution in the
Sirwan Valley [23], while substantial variations in petrophysical properties were documented
within the Kurra Chine Formation of the Sarta Oil Field [9]. These observations are consistent
with the present petrographic results, which demonstrate that the interaction between
depositional facies and subsequent diagenetic processes controlled the development and
destruction of pore spaces. Compared with previous investigations, the present study integrates
petrographic observations, standard microfacies classification (SMF), Wilson’s Facies Zones
(FZ), depositional-environment reconstruction, and diagenetic interpretation. The comparison
of the Sirwan and Ranya sections further provides evidence for lateral facies variability and
spatial changes in the Upper Triassic carbonate system along the northeastern margin of the
Arabian Plate. Overall, the studied succession represents a heterogeneous shallow carbonate-
ramp system rather than a uniform carbonate platform. The Kurra Chine Formation is

dominated by restricted inner-ramp conditions with episodic open-lagoon and shoal-margin
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development, whereas the Baluti Formation records more restricted conditions with stronger

argillaceous and siliciclastic influence. Subsequent dolomitization, dissolution, cementation,
recrystallization, and compaction further modified the original fabrics and controlled the final

pore-system characteristics of the Upper Triassic succession.

7. Conclusions

Petrographic and microfacies analyses indicate that the Kurra Chine and Baluti
formations were deposited within shallow homoclinal carbonate ramps along the northeastern
Arabian Plate during the Late Triassic. Four carbonate microfacies were recognized in Kurra
Chine Formation and six microfacies for Baluti Formation, that representing depositional
environments ranging from restricted lagoon to open lagoon and shoal-margin settings. The
Kurra Chine Formation records relatively more open marine conditions, whereas the Baluti
Formation reflects a more restricted depositional system influenced by intermittent siliciclastic
input. Dolomitization was the dominant diagenetic process in both formations, modifying the
original carbonate fabrics and generating secondary intercrystalline porosity. Dissolution
locally enhanced porosity, whereas calcite cementation, recrystallization, and compaction
reduced pore connectivity. The integration of petrography, microfacies analysis, and diagenetic
interpretation provides a comprehensive depositional and diagenetic model for the Upper
Triassic carbonate successions of northern Iraq and The comparative investigation demonstrates
that the Kurra Chine Formation records relatively greater marine connectivity than the Baluti Formation,
whereas both formations experienced similar diagenetic evolution dominated by dolomitization and

dissolution.
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Abstract:

Much of the Late Jurassic—Early Cretaceous Chia Gara Formation may be seen in
northern Iraq. Black shale, thin to medium-bedded yellowish limestone, and thin-bedded
brown argillaceous limestone make up the majority of its lithologythe. Late Jurassic to
Early Cretaceous, is divided into four main calcareous nannofossil biozones based on the
presence and range of key index species. These biozones, listed from youngest (top) to
oldest (base), are as follows.

1. Nannoconus bermudezii Interval Range Biozone (CCO0)
2. Nannoconus steinmannii Interval Range Biozone (CC1)
3. Assipetra infracretacea Interval Range Biozone (CC2)
4. Calcicalathina oblongata Interval Range Biozone (CC3)

* The age of the Chia Gara Formation was then determined by correlating these biozones
with other zonal global biozonation systems <the Tithonian (Late Jurassic) to Valanginian

(Early Cretaceous).
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1. Introduction:

While the primary source rocks are often found in Jurassic and Lower Cretaceous
strata[ 1-4], the majority of hydrocarbon reservoirs in Iraq are hosted in Cretaceous and
Tertiary successions [5-6]. During the Mesozoic Era, carbonate, marl, and shale deposits
accumulated in a large marine basin that covered the northern and northeastern part of Iraq.
Oil-prone organic-rich successions may have been more likely to form during the Late
Jurassic and Early Cretaceous due to the high regional heat gradient and worldwide marine
transgression. Therefore, in order to comprehend the petroleum systems of the area, it is

important to conduct thorough stratigraphic and geochemical research of Jurassic formations.
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One of the most significant Upper Jurassic—Lower Cretaceous source-rock intervals

in northern Iraq is the Chia Gara Formation. This formation originated at Chia Gara
Anticline, which extends from the Middle Tithonian to the Berriasian, is located in the High
Folded Zone, south of Amadiya. [7]. The formation is mostly composed of thin-bedded
ammonite-bearing limestone and shale, with yellow marly limestone and shale rising to a

thickness of around 232 meters at the type section [7].

According to numerous earlier geological and geochemical studies, the Chia Gara
Formation is a highly efficient gas-prone source rock that has been validated for the
production of hydrocarbons [32-1-8-26-27-2-18] In addition, a close genetic relationship
between hydrocarbons, oil seeps, and organic materials preserved in the Chia Gara Formation
was revealed by oil-source correlation and biomarker analysis [25-3-17] However, prior
research has mostly been restricted to certain regions or a limited number of tectonic
domains. Therefore, the purpose of this work is to determine the petrographic features of
carbonate facies and the petroleum The Chia Gara Formation's source rock characteristics in

some northern Iraqi tectonic zones.

A reference section of the Formation Chia Gara escarpment at a single
representative section near Banik Village (42°582.6'E, 37°13'33.4'N), It is located in
northern Iraq, some 25 kilometers northeast of Zakho City. , was used for this study (Fig. 1).
The research area is situated in the Foreland Basin's High Folded Zone, where tectonic
deformation and erosion have produced a large outcrop of Jurassic and Cretaceous

successions along the axes and sides of regional anticlines.

However, prior research has mostly been restricted to certain regions or a limited
number of tectonic domains. Therefore, the purpose of this work is to determine the
petrographic features of carbonate facies and the petroleum source rock qualities of the Chia
Gara Formation in certain northern Iraqi tectonic zones. A reference section of the Chia Gara
Formation escarpment at a single representative section near Banik Village (42°58'2.6'E,
37°13'33.4'N), which is about 25 km northeast of Zakho City, northern Iraq, was used for this
study (Fig. 1). The research area is situated in the Foreland Basin's High Folded Zone, where
tectonic deformation and erosion have produced a large outcrop of Jurassic and Cretaceous

successions along the axes and sides of regional anticlines. [28-4]

The Chia Gara Formation was deposited during the Late Jurassic—Early Cretaceous
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in a relatively deep outer-shelf environment linked to the extensional history and emergence

of the Neo-Tethys Ocean near the Arabian Plate border. [31]. According to biostratigraphic
evidence, the formation on the upper boundary has been dated from the Berriasian to the
Middle Tithonian [7]. The upper boundary is progressively becoming closer to the
Valanginian stage. The formation beds are a component of Resuming ocean-floor spreading
in the southern Neo-Tethys is linked to the Arabian Plate Megasequence AP8 (Late
Tithonian—Turonian), which was formed in a major intra-shelf basin. [41]. According to
Jassim and Buday (2006), The deep outer-shelf marine depositional environment of the Chia
Gara Formation was ideal for the accumulation of organic-rich muds, further improving

source rock quality in shale-dominated intervals Fig.1.

Stable Shelf

Mesopotamian Zone
M Salman Zone
B Rutba-Jezira Zone

Unstable Shelf

B OraThrust Zone
W Imbricated Zone (Balambo-Tanjero Zone)
I High Folded Zone

Foothill Zone

N

Zagros Suture

W Shalair Zone
I Penjween-Walash Zone
M Qulgula-Khwakurk Zone

IN

Fig.1: The tectonic map and locations of the research regions (derived from Numan

(2000), [22]

e Figure 2 depicts the Arabian Plate's Late Tithonian—Early Berriasian paleogeographic
setting. The basin architecture at this time is characterized by a facies distribution that
was largely uniform across the Jurassic—Cretaceous transition. Despite such
complexity in the geologic architecture of the Gercus formations, the variations in
thickness between the outcrop and subsurface wells, such as near the Tigris, are not
great. The formation is primarily composed of black shale, thin to medium-bedded
yellowish limestone, and thin-bedded brown argillaceous limestone.

e The lower part is dominated by organic-rich shale interbedded with argillaceous

limestone, reflecting favorable conditions for organic matter preservation.
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accumulation during deposition [16] (Fig. 2)..
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Fig. 2 Iraq's Late Tithonian—Early Berriasian Paleogeography
[22].

Bellen et al. (1958) determined that the Chia Gara Formation was deposited between the
Middle Tithonian and Berriasian, based on biostratigraphic data. (1959). It is substantially
developed in the northern region of Iraq's unstable shelf, laterally grading into the Foothill
Zone's Makhul and Karimia Mudstone formations. In contrast, equivalent deposits of the
stable and southwestern unstable shelves are represented by the Tithonian-age Sulaiy

Formation [11].

From Zakho to the Sirwan Gorge, this record is rather extensive throughout the
Kurdistan Region of northern and northeastern Iraq, representing the entire geographical range
of the Chia Gara Formation as a regional observation. It is found in many of the
underground areas and is typically gated out in the High Folded and Imbricate tectonic zones
. Compared to basin morphology, thickness variations across the basin indicate variations in
depositional setting and basin evolution, and isopach data indicate that the main depositional
centre in the Late Jurassic was located between the Tigris River-northern Mosul—Kirkuk
region.

The studied section of Chia Gara Formation has a largely homogenous lithology and consists of
predominately shale interbedded with very thinly bedded argillaceous limestone. The

succession is about (50) m thick at exposure. The basal interval is defined by organic-rich
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shale interbedded with argillaceous limestone, which reflects favorable conditions for

organic-matter preservation¢ (the proportion of brittle shale decreases, while limestone and
argillaceous limestone increase; the top part consists mainly of marl and marly limestone.
Both ammonite fossils are found throughout the carbonate beds but are bette preserved in

limestone layers and carbonate concretions.

2. Material and methods:

A total of( 125) rock samples were selected from the Chia Gara Formation, northern
Iraq for calcareous nannofossil examining. Preparation of thin sections for examination by
transmitted-light microscope (Method H of Armstrong & Brasier 2005) The calcareous
nannofossils were taxonomically identified from the prepared thin sections based on their
diagnostic morphological features.

3. Results:

Under the optical microscope, a heterococcolith and nannolith assemblage with
numerous uncertain systematic affiliation taxa (Incertac sedis) of calcareous nannofossils
was found. The taxa that we identified are described in summary form below Fig.3.

1. Family Chiastozygaceae Rood et al., 1973

Genus Zeugrhabdotus Reinhardt, 1965

Zeugrhabdotus embergeri (Noél, 1959) Perch-Nielsen, 1984
2. Family Cretarhabdaceae Thierstein, 1973

Genus Cruciellipsis Thierstein, 1971

Cruciellipsis cuvillieri (Manivit, 1966) Thierstein, 1971

3. Family Rhagodiscaceae Hay, 1977

Genus Calcicalathina Thierstein, 1971

Calcicalathina oblongata (Worsley, 1971) Thierstein, 1971
4. Family Watznaueriaceae Rood et al., 1971

Genus Cyclagelosphaera Noél, 1965

Cyclagelosphaera margerelii Noél, 1965

Genus Diazomatolithus Noél, 1965
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Diazomatolithus lehmanii Noél, 1965
Genus Watznaueria Reinhardt, 1964
Watznaueria manivitiae Bukry 1973

1. Nannoliths
1. Family Microrhabdulaceae Deflandre, 1963

Genus Lithraphidites Deflandre, 1963
Lithraphidites carniolensis Deflandre, 1963
2. Family Nannoconaceae Deflandre, 1959

Genus Nannoconus Kamptner, 1931

Nannoconus bermudezii Bronnimann, 1955

Nannoconus kamptneri Bronnimann, 1955

Nannoconus steinmannii minor Deres & Achéritéguy, 1980

Nannoconus steinmannii steinmannii Kamptner, 1931

3 . Family Tubodiscaceac Bown & Rutledge, 1997 in Bown & Young, 1997
Genus Tubodiscus Thierstein, 1973

Tubodiscus verenae Thierstein, 1973

2. Incertae sedis nannoliths:

Genus Assipetra Roth, 1973

Assipetra infracretacea (Thierstein, 1973) Roth, 1973
Genus Hexalithus Gardet, 1955

Hexalithus geometricus Casellato 2010

Hexalithus noeliae Loeblich & Tappan, 1966

Genus Polycostella Thierstein, 1971

Polycostella senaria Thierstein, 1971
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Fig.3 (a) Polarized micrographs of calcareous nannofossil from the Chia Gara
Formation Zeugrhabdotus embergeri; (b) Cruciellipsis cuvillieri; (c) Calcicalathina
oblongata; (d) Cyclagelosphaera margerelii; (€) Diazomatolithus lehmanii; (f) Watznaueria
manivitiae; (g) Lithraphidites carniolensis; (h) Nannoconus bermudezii,

(1) Nannoconus kamptneri, (j) Nannoconus steinmannii minor; (k) Nannoconus
steinmannii steinmannii; (1) Tubodiscus verenae; (m) Assipetra infracretacea; (n) Hexalithus
geometricus; (0) Hexalithus noeliae; (p) Polycostella senaria.

4. Discussion

1. Nannoconus bermudezii Interval Range zone (CC0)

Definition: Interval biozone for the species Nannoconus bermudezii Bronnimann, 1955.

Boundaries: from FO of Nannoconus bermudezii Bronnimann, 1955 to the FO

Nannoconus steinmannii Kamptner, 1931.
Thickness: 17 m.

Discussion: There is a correlation between this biozone and the CCI1 (Nannoconus
steinmannii Interval Zone) by Sissigh (1977) and correlated with NC1(Nannoconus coloni
Interval Zone) biozone which is studied by Roth (1978) with CC1 biozone which is studied by
Perch-Nielsen, (1979a)(1983) therefore we suggested the Berriasian [20] Fig.f , Fig. 5.
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2. Nannoconus steinmannii Interval Range zone (CC1)
Definition: Interval biozone for the species Nannoconus steinmannii Kamptner, 1931.

Boundaries: from FO of Nannoconus steinmannii Kamptner, 1931 to FO Assipetra

infracretacea [45-39].
Thickness: 12m.

Discussion: This biozone is correlated with the biozone (CC1) (Nannoconus steinmannii
Interval Zone) by Sissigh (1977) and correlated with NC1 (Nannoconus coloni Interval Zone)
biozone which is studied by Roth (1978) with CC1 biozone which is studied by Perch-Nielsen,
(1979a)(1983) therefore we suggested the Berriasian [20] Fig.£ , Fig. 5.

3. Assipetra infracretacea Interval Range zone (CC2)

Definition: Interval biozone for the species Assipetra infracretacea [45-38].
Boundaries: FO  Assipetra infracretacea [45-39] to FO

Calcicalathina oblongata [46-44].

Thickness: 8m.

Discussion: We proposed the Berrasian to Valanginian to [20] because this biozone is
correlated with the biozone (CC2) (Stradneria crenulata Interval Zone) by Sissigh (1977) and
correlated with the NC2 (Retecapsa angustiforata) biozone, which is studied by Roth (1978)
with CC2 biozones, which is studied by Perch-Nielsen (1979a) Fig.4 , Fig. 5.

4. Interval Range zone (CC3) of Calcicalathina oblongata
Definition: Calcicalathina oblongata interval biozone (Worsley, 1971; Thierstein, 1971).

Limitations: FO Cretarhabdus loriei Gartner, 1968 to FO Calcicalathina oblongata
(Worsley, 1971) Thierstein, 1971.

Thickness: 10m.

Discussion: We proposed the Valanginian (Gradstein et al., 2020) because this biozone is
correlated with the biozone (CC3) (Calcicalathina oblongata Interval Zone) by Sissigh (1977)
and correlated with the NC3 (Tubodiscus verenae) biozone that is studied by Roth (1978) with
CC3 biozones that are studied by Perch-Nielsen (1979a) (1983) Fig.4., Fig. 5.
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Fig. 5 Correlation chart for Calcareous Nannofossils for lower Cretaceous

5. Conclusions

Four biozones were identified based on the identification taxa and index spices of
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Calcareous nannofossils, with the younger ones at the top and the older ones at the bottom.:

1. Nannoconus bermudezii Interval Range Biozone (CC0)
2. Nannoconus steinmannii Interval Range Biozone (CC1)
3. Assipetra infracretacea Interval Range Biozone (CC2)
4. Calcicalathina oblongata Interval Range Biozone (CC3)
Then these biozones were correlated with other zonal global biozonation schemes of the
Chia Gara Formation is determining that the age of the Formation in (Tithonian

toValanginian). Fig. 5.
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Abstract:

This structured review synthesizes published evidence on heavy metals in drinking-water
treatment systems, groundwater, and industrial water sources in Kirkuk and selected Iraqi cities.
The quantitative synthesis is restricted to six primary water-quality studies cited in the
manuscript ([4-9]); other references are used for standards, methods, treatment technologies,
or contextual interpretation. Because the original search log did not preserve database-specific
retrieval, duplicate-removal, and exclusion counts, these upstream PRISMA quantities are
reported as not recorded rather than reconstructed retrospectively. Evidence was appraised
using five domains: sampling adequacy, sampling-period reporting, analytical-method
reporting, quality assurance/quality control, and completeness of quantitative reporting. The
synthesis shows marked spatial heterogeneity: municipal treated-water evidence from Kirkuk
indicates comparatively low metal concentrations, whereas industrial wastewater in Kirkuk and
shallow groundwater evidence from other Iraqi cities show substantially greater contamination.

Direct-ingestion HQ calculations are interpreted only for potable or potentially consumed
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waters; industrial wastewater is treated as a source-pathway hazard and is not assigned a

drinking-water ingestion risk. Temporal inference remains limited by sparse, non-equivalent
studies and differences in source type and analytical design. Treatment technologies are
therefore presented as context-dependent options rather than prescriptive upgrades. The review
identifies cadmium and lead as priority contaminants and emphasizes standardized monitoring,

transparent analytical QA/QC, and source-specific treatment selection.

Keywords: adsorption; groundwater; heavy metal; Kirkuk; risk assessment; water treatment
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1. Introduction:

Access to safe drinking water is a basic human right and a foundation of public health.
Nevertheless, heavy metal contamination is a global risk to water quality as metals such as
cadmium (Cd), lead (Pb), chromium (Cr), nickel (Ni), arsenic (As) and mercury (Hg) are non-
biodegradable, toxic and have bioaccumulation potential [1]. These contaminants are derived
from natural geogenic sources and from anthropogenic activities, including mining, industrial
discharge, agricultural runoff and improper waste disposal. Chronic exposure to heavy metals
via drinking water consumption has been reported to cause Nephrotoxicity, Hepatotoxicity,

carcinogenicity, neurological damage and developmental disorders [2].

Decades of conflict, aging infrastructure, industrial pollution and water scarcity caused by
climate change make Iraq especially vulnerable to water quality issues. [3] The courses of the
Tigris and Euphrates rivers, the main sources of fresh water for the country, is fed with
untreated municipal and industrial effluent. The Heavy Metal Pollution Index (HPI) in several
seasons [4] has exceeded the critical value of 100 in the water treatment plants of the capital,
Baghdad, indicating that heavy metal pollution has reached critical levels. Likewise, in post-
conflict Mosul, shallow groundwater wells were found to be alarmingly contaminated with
cadmium and lead levels exceeding the World Health Organization (WHO) and Iraqi drinking

water standards [5].

Kirkuk Governorate in northern Iraq is an important oil-producing and agricultural region
with growing water demand. Its water supply relies on surface-water and groundwater
resources and municipal treatment systems, including the Kiwan and Al-Dibs plants [6].
Published evidence also documents industrial effluents in Kirkuk [8]. Because these source
types have different exposure pathways, the present review distinguishes treated drinking
water, groundwater, and industrial wastewater rather than treating them as a single exposure

category.

Published Iraqi evidence is geographically dispersed across Kirkuk, Baghdad, Mosul, and
Duhok/Shekhan, and it varies in sampling design, analytical technique, reporting
completeness, and water-source type [4-9]. These differences limit direct numerical
comparison and make an explicit evidence-quality assessment necessary before spatial or

temporal interpretation.
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Accordingly, this review aims to: (i) synthesize the primary quantitative water-quality evidence

cited for Kirkuk and selected Iraqi comparison areas; (ii) compare reported concentrations with
national and international drinking-water benchmarks only where the source is relevant to
potable-water assessment; (iii) distinguish reported or recalculated pollution/risk indices from
source-pathway hazards; (iv) evaluate spatial and temporal patterns cautiously in light of
methodological heterogeneity; and (v) appraise treatment technologies as context-dependent
options for Iraqi water systems.

2. Material and methods:

2.1 Data Collection Strategy

The review was structured using PRISMA 2020 reporting principles. The original search
used Scopus, Web of Science, ScienceDirect, and Google Scholar with combinations of (“heavy
metals” OR “trace metals” OR “toxic metals”’) AND (“drinking water” OR “groundwater” OR
“potable water” OR “water treatment”) AND (“Kirkuk” OR “Iraq” OR “Mosul” OR “Baghdad”
OR “Kurdistan”). Eligible primary studies had to report quantitative water-quality data relevant
to heavy metals. The submitted manuscript cited 25 references in total, but only six primary
water-quality studies ([4-9]) supplied the quantitative evidence synthesized here. References
[1-3] and [10-25] serve contextual, methodological, standards, or treatment-technology
purposes and are not counted as included primary water-quality studies. The original search log
did not preserve the numbers retrieved from each database, duplicates removed, full texts
excluded, or exclusion reasons. These quantities therefore cannot be reconstructed reliably and
are explicitly reported as “not recorded” in the PRISMA flow diagram. This correction replaces
the unsupported statement that 28 studies were extracted in detail. The study-selection diagram

is presented in Figure 1.

2.2 Data Extraction and Quality Assessment

For each primary water-quality study, the review extracted, when reported, study area, water-
source type, sampling period, sample size, analytical technique, target metals, concentration
statistics, and principal findings. Evidence quality was assessed across five reporting domains:
(1) sample size/sampling design, (2) sampling-period reporting, (3) analytical-technique
reporting, (4) QA/QC or standard-method reporting, and (5) completeness of quantitative

results. Each domain was classified as clearly reported, partly reported, or not reported in the
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information available to this review. This appraisal is a transparency assessment of the evidence

base and is not presented as a formal risk-of-bias instrument.

2.2.1 Study-selection transparency (PRISMA 2020)

Figure 1. PRISMA 2020 study-selection transparency diagram. NR = not recorded in the
original search log; six primary quantitative water-quality studies ([4-9]) form the evidence

synthesis.

PRISMA 2020 study-selection transparency

Records identified from databases: NR (original search log not preserved)

Duplicates removed: NR

Records screened / full texts assessed: NR

Primary quantitative water-quality studies included: n = 6 ([4-9])

Context/method/standards/treatment references: n =19

Quantitative evidence synthesis: n = 6 primary studies

2.3 Comparison Standards

The extracted concentration data were compared with the Iraqi Standard 417/2011 and WHO
drinking-water guidance [10,11]. The WHO benchmark was checked against the current fourth
edition incorporating the first, second and third addenda (2026). Comparisons were made only
when the water type and reported units were compatible; industrial wastewater was not treated

as drinking water.

2.4 Health Risk Assessment Indices

Three well-established indices were used to assess the health risk of heavy metal exposure

through drinking water:

(a) Heavy Metal Pollution Index (HPI): HPI offers a composite measure of overall water

quality as compared to the maximum allowable concentrations. It is computed using Equation

(1) [4,12]:

HPI =Y Wi x Qi /TWi (1)
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where Wi = 1/Si (2) is the unit weight (inverse of the standard value, Si) and Qi is the sub-
index for the ith metal as Qi =[(Mi —Ii) / (Si—1I1)] x 100 (3), where Mi is the monitored value,

Ii is the ideal value (usually zero) and Si is the standard value. HPI value below 50 indicates
low pollution level, 50-100 indicates moderate pollution level and above 100 indicates critical

pollution level [4,12].

(b) Metal Index (MI) (Equation (4)): The MI provides a simplified evaluation of overall

metal contamination:

MI = X (Ci/MACi) / n 4)

where Ci is the measured concentration, MACi is the maximum allowable concentration,
and n is the number of metals analysed. An MI less than 0.5 indicates low contamination, 0.5-

1.0 indicates moderate and above 1.0 indicates high contamination [12].

(c) Hazard Quotient (HQ): HQ is retained as a health-risk framework for interpreting studies
that report the required exposure inputs. Because the included sources do not provide a
harmonized set of concentration, exposure, and reference-dose data, HQ values were not newly
recalculated across studies in this review. This avoids false precision from combining

heterogeneous datasets. The HQ expression is given in Equation (5).

In this revision, HQ is interpreted only for water intended or plausibly used for drinking.
Industrial wastewater is excluded from direct-ingestion HQ interpretation because it is not a
potable-water exposure medium; its metal concentrations are discussed as a potential source
of contamination to receiving surface water or groundwater. Where both mean and maximum
concentrations are reported, mean values are used for central comparative summaries and

maxima are retained as worst-case observations, with the basis stated explicitly in the table.

HQ = CDI/RfD (5)

where CDI = Chronic Daily Intake (mg kg day ') = (C x IR x EF x ED) / (BW x AT) (6),
C = metal concentration (mg L"), IR = ingestion rate (2 L day’ for adults), EF = exposure
frequency (365 days year'), ED = exposure duration (70 years), BW = body weight (70 kg)
and AT = averaging time (25 550 days). RfD Oral Reference Dose (mg/kg/day) [13]. HQ > 1

indicates potential non-cancer health risk.
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2.5 Treatment Technology Evaluation

The treatment technologies were evaluated by four criteria: (i) removal efficiency of Cd, Pb,
Cr and Ni; (ii) capital and operational costs (USD/m3); (iii) energy demand and technical
complexity; (iv) feasibility for implementation in Iraq, taking into account availability of
energy, maintenance capacity and economic constraints. Data were gathered from published

reviews on heavy metal removal technologies [14,15,16].

3. Results and Discussion:

3.1 Drinking Water Quality Standards for Heavy Metals

Table 1 The maximum allowable concentrations of heavy metal priorities according to WHO
(2017), Iraqi Standard 417/2011 and US EPA regulations. For most parameters, Iraqi standard
is similar to WHO recommendations with the same limits for Cd (3 pg/L), Pb (10 pg/L), Cr (50
ug/L), Ni (70 pg/L), Zn (3000 pg/L), Cu (2000 pg/L) and As (10 pg/L). For Mn there are
significant differences (400 pg/L in Iraqi standard vs 50 pg/L in EPA) and for Hg (6 pg/L in
IraqiyWHO vs 2 ug/L in EPA). The reviewed studies are assessed for their level of

contamination by means of these standards.

Table 1. Drinking Water Quality Standards for Heavy Metals (ng/L)

Parameter WHO (current guidance) Iraqi Std (417/2011) EPA (USA)
Cd 3 3 5
Pb 10 10 15
Cr 50 50 100
Ni 70 70 —
Zn 3000 3000 5000
Cu 2000 2000 1300
Mn 400 400 50
Fe 300 300 300
Al 200 200 200
As 10 10 10
Hg 6 6 2
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3.2 Heavy Metal Concentrations in Iraqi Drinking Water Sources

The quantitative comparison was restricted to values that could be verified directly in the
cited primary sources. Baghdad drinking-water evidence [4] and Kirkuk industrial-wastewater
evidence [8] are presented separately because they represent different water matrices and
cannot be interpreted against the same exposure context. The concentration data are presented

in Table 2.

Al-Mayah [4] studied heavy metals in 11 water treatment plants in Baghdad in four seasons.
The average lead levels were 15.2 ug/L, which is above the Iraqi standard of 10 pg/L, with
the highest values of 28.7 ug/L in summer. Cadmium approached the regulatory limit with a
mean and maximum of 2.5 pg/L and 4.1 pg/L, respectively. Chromium (mean 48.3 pg/L) and
nickel (mean 62.1 pg/L) were within standards but seasonal elevations. The elevated summer
concentrations were attributed to the increased evaporation; lower river flows and higher

industrial discharge during peak production periods.

Altahaan and Dobslaw [5] provide a two-year (2022-2023), four-campaign assessment of
shallow and deep groundwater in Mosul. Their design supports a genuine temporal
comparison across wet and dry seasons and shows that shallow groundwater is more
vulnerable to seasonal and post-conflict deterioration than deeper wells. These results are
used as regional contextual evidence rather than as a direct surrogate for Kirkuk drinking-

water quality.

Specifically for Kirkuk, two different sets of data appear. Sulyman [6] evaluated Kiwan and
Al-Dibs water treatment plants and found all measured heavy metals at the level less than
detection limits in the treated effluent indicating effective conventional treatment. However,
Abbas et al. [8] reported that the industrial wastewater of five zones in Kirkuk had
catastrophic contamination, cadmium ranged from 940 to 6850 pg/L (313 to 2283 times the
Iraqi standard) and lead ranged from 830 to 2640 pg/L (83 to 264 times the standard). Such
industrial discharges constitute a serious potential threat to drinking water supplies if

discharged untreated to surface waters or allowed to seep into groundwater.

Mohammed et al. [7] reported cadmium exceedances in 6 out of 17 groundwater sources in
Duhok and Shekhan with concentrations ranging between 1.5 and 15.8 pg/L (mean 5.2 pg/L).
Other metals were within acceptable limits. The authors ascribed the increase in Cd to

geological factors and agricultural runoff.
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Table 2. Heavy Metal Concentrations in Iraqi Water Sources (units as shown).

Evidence source | Water matrix |Period/design | Cd Pb Interpretation Method/source note
Baghdad WTPs | Treated Sep 2018-Aug  |Mean 0.0039 |Mean 0.0418 |Annual means Phoenix-986 AAS;
[4] drinking 2019; monthly; |mg/L mg/L exceeded cited source-reported
water 11 WTPs limits for several |HPI/MI
metals
Kirkuk industrial |Industrial 5 industrial Mean 2.962 |Mean 1.738 |Severe industrial |AAS and ICP-OES
areas [8] wastewater | locations mg/L; range [mg/L;range |contamination; not|reported;
0.94-6.85 0.83-2.64 drinking water calibration/RSD
described
Mosul [5] Groundwater [2022-2023; 4 Source Source Shallow wells Regional contextual
campaigns; 8 reports reports more vulnerable |evidence
wells temporal temporal than deep wells
variation variation
Kirkuk WTP [6] |Municipal 2015-2016 Not reported |Not reported |Supports local Physicochemical-
drinking as a verified |as a verified |WTP context; not |focused study
water synthesis synthesis used for invented
value value metal values
<DL = below detection limit; — = not reported.

Figure 2 compares the reported mean Cd and Pb concentrations for the two sources described

in its caption.

10000
1000
100

10

Mean concentration (uglL, logarithmic scale)

Verified Mean Cd and Pb Concentrations in Included Primary Sources
mm Baghdad WTPs — treated drinking water [4]
m Kirkuk industrial wastewater [8]

2962

1738

Figure 2. Verified mean Cd and Pb concentrations reported in two primary sources included

in the evidence synthesis. Baghdad values represent treated drinking water [4], whereas

Kirkuk values represent industrial wastewater [8] and are shown only as source-pressure

evidence, not as drinking water. Concentrations are plotted on a logarithmic scale.
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The geological and structural map of the study area is shown in Figure 3.
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Figure 3. Geological and structural map of Kirkuk study area showing sampling sites (a)
regional context; (b) detailed study area with sample locations. Source: Al Qassab & Al

Jumaily, Iraqi Geological Journal, Vol. 59, No. 1A, 2026. [17]

3.3 Health Risk Assessment

The characteristics of the included studies are summarized in Table 3, and their reporting-

quality appraisal is presented in Table 4.
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Table 3. Primary quantitative water-quality studies included in the revised evidence synthesis.

NR = not reported in the submitted extraction and therefore not inferred.

Study

Area / source

Sampling period

Sample size

Analytical technique

Key evidence / use

in synthesis

Al-Mayah [4]

Baghdad; 11
WTPs

Sep 2018-Aug
2019; monthly

11 WTPs;
monthly

sampling

Phoenix-986 AAS

Annual HPI
103.744; total M1
155.93; multiple
metals exceeded

cited limits.

Reported laboratory heavy-

Seasonal/annual

contrast; shallow

Altahaan & Mosul; 4 shallow |2022-2023; four |8 wells; four ) i
) ) metal analysis; verify wells showed
Dobslaw [5] + 4 deep wells campaigns campaigns ) o
instrument details in source | greater
deterioration.
Local Kirkuk
Kirkuk; municipal ) ) WTP
o NR in accessible ) ) ) )
Sulyman [6] drinking 2015-2016 b NR in accessible abstract |physicochemical
abstract
water/WTP evidence; limited
trace-metal detail.
Study published
2024; sampling Regional
Mohammed et al. | Shekhan, Duhok; ) ) NR in submitted ) ) )
period NR in . NR in submitted extraction |groundwater
[7] groundwater ] extraction )
submitted comparison.
extraction

Abbas et al. [8]

Kirkuk; industrial

wastewater

2023/2024 study
publication

context

5 industrial

locations

AAS and ICP-OES

Cd mean 2.962
mg/L; Pb mean
1.738 mg/L;

industrial matrix.

Jumaa &

Abdulqgader [9]

Kirkuk; drinking-
water

network/WQI

Oct 2023-Apr
2024

7 locations

Physicochemical/biological

WQI study

Contextual water-
quality evidence;
not a primary
heavy-metal
concentration

dataset.
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Table 4. Reporting-quality appraisal of the six primary studies. “Verify source” is retained

where the submitted manuscript did not document the item; no favorable rating was inferred

without source-level evidence.

Study Sampling Period Analytical QA/QC Quantitative  |Overall
design method reporting transparency
[4] Clear: 11 Clear: Sep AAS specified |Instrument Detailed tables |Moderate-high
WTPs 2018-Aug specified;
monthly 2019 standards
comparison
described
[5] Clear: 8 wells |Clear: 2022- [Reported in  |Study reports |Detailed High
/ four 2023 source statistical temporal
campaigns analysis comparison
[6] Partial/verify |Partial/verify |Verify source |Verify source |Included Moderate-low
source source pending
source-level
verification
[7] Partial/verify |Partial/verify |Verify source |Verify source |Included Moderate-low
source source pending
source-level
verification
[8] Clear: 5 Publication AAS + ICP- |Calibration, Detailed tables |High for
industrial sites |2024; OES RSD/SD industrial
collection date described wastewater
not explicit in
extracted text
[9] Clear: 7 Clear: Oct Not a heavy- |WQI-focused |Notused for |Context only
locations 2023-Apr metal metal
2024 analytical concentrations
study

Table 5 presents the health risk indices calculated for the locations examined. The Heavy
Metal Pollution Index (HPI) in water treatment plants of Baghdad was above the critical limit
of 100 (HPI>100), and thus, the water was considered as critically polluted [4]. This was mostly
due to exceedances of lead in summer and autumn seasons. Shallow wells of Mosul showed
HPI values of 85-120 (high to critical pollution) and deep wells showed moderate risk (HPI
35-55) [5].
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The results of the industrial wastewaters of Kirkuk indicated HPI values of >200 The highest

pollution levels in the reviewed literature [8]. The hazard quotient (HQ) for cadmium was 313.3
and the HQ for lead was 176.0 in these industrial areas, far above the safety level of 1.0. These
values indicate serious non-carcinogenic health risks for populations potentially exposed to
these waters. Industrial waste water is not for direct consumption, but if disposed of improperly,

or if it seeps into aquifers, it can compromise the safety of drinking water.

On the other hand the municipal water treatment plants in Kirkuk showed very good
performance with all heavy metals below the detection limits and HPI values well below 25
indicating a low pollution risk [6]. The fact that municipalities can treat their water successfully,
but industries can seriously contaminate it, points out how critical it is to protect source water

and enforce industrial discharge regulations.

Table 5. Health Risk Assessment Indices for Heavy Metals in Iraqi Water Sources.

Study/source Matrix Index Reported value |Meaning Status Basis Caution
Baghdad WTPs | Treated HPI Annual mean |Above critical | Source- Nine measured | Do not
[4] drinking 103.744 threshold of 100 |reported constituents extrapolate
water across 11 WTPs | to Kirkuk
Baghdad WTPs | Treated MI Total 155.93 Seriously Source- Source MI Interpret
[4] drinking (source- affected in reported calculations using
water reported source source
aggregation) classification definition
Other included | Mixed HQ Not Not comparable |Not Insufficient Avoid
studies recalculated without synthesized |common inputs | invented
harmonized HQ values
exposure inputs

HPI = Heavy Metal Pollution Index; MI = Metal Index; HQ = Hazard Quotient.

3.4 Treatment Technology Evaluation

Table 6 presents the applicability assessment of conventional and emerging heavy metal
removal technologies for drinking water in the Iraqi context. The selection of the appropriate
technology should strike a balance between its removal efficiency, cost, energy requirements

and operational complexity, and the infrastructure capacity and economic limitations of Iraq.

Membrane technologies, especially reverse osmosis (RO) and Nanofiltration (NF), exhibited
the highest removal efficiencies (94-99.9%) for all target metals [14,16]. RO systems could

reduce concentrations of Cd, Pb and Cr from hundreds of micrograms per liter to below
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detection limits. However, these technologies require considerable energy input (0.5-1.2

kWh/m?), skilled maintenance, and produce concentrated brine waste that needs proper
disposal. Considering Iraq’s intermittent electricity supply and limited technical expertise in
rural areas, RO and NF are most suitable for urban water treatment plants with a reliable power

infrastructure.

A promising alternative is ion exchange with comparable removal efficiency (98-99.9%) and
moderate price (0.20-0.50 USD/m?) [14]. Resins can be regenerated reducing long term
operating costs. “This technology is ideally suited to point-of-use systems in schools, hospitals

and community centers where centralized treatment is not available.

Chemical precipitation and Coagulation-Flocculation are common methods and popular in Iraqi
WTPs. These processes are efficient for bulk contaminant removal (80-99% efficiency) but
produce large amounts of metal laden sludge that needs to be safely disposed [15]. The
conventional coagulation with aluminum sulfate followed by sedimentation and filtration has
been successful in removing heavy metals below detection limits in Kiwan and Al-Dibs plants
of Kirkuk [6]. However, these plants may struggle with sudden shock loads from industrial

contamination events.

Low-cost adsorption technologies emerge as the most promising solution for decentralized and
rural applications in Iraq. Activated carbon achieves 90-99% removal efficiency at moderate
cost (0.15-0.40 USD/m?) and very low energy demand [14,15]. Biochar, produced from
agricultural waste (wheat straw, rice husks — all abundant in Iraq), achieves 85-98% removal
at significantly lower cost (0.05-0.20 USD/m?) [15]. Clay minerals (Bentonite, Kaolinite)
indigenous to Iraqi geology can produce 70-90% removal at a very low cost (0.03—0.10
USD/m3). The materials can serve as a filter medium in household and community scale

systems that do not require electricity or complex maintenance.

Table 6. Applicability assessment of conventional and emerging heavy metal removal

technologies for drinking water in the Iraqi context.

Technology Removal Cost Energy Sludge Suitability
Efficiency (%) | (USD/m®) Demand Generation for Iraq
Reverse Osmosis (RO) 98.0-99.9 0.50-1.20 High Low Urban WTPs
Nanofiltration (NF) 94.0-99.9 0.30-0.80 Moderate Low Urban WTPs
Ion Exchange (IX) 98.0-99.9 0.20-0.50 Low Moderate All areas
Chemical Precipitation 95.0-99.0 0.10-0.30 Low High Industrial

e —
Web Site: https://isnra.net/index.php/kjps E. mail: kjps@uoalkitab.edu.iq

328



https://isnra.net/index.php/kjps
mailto:kjps@uoalkitab.edu.iq
mailto:kjps@uoalkitab.edu.iq

Noor N. Abdulgader?, Hayder M. Jasim?. / Al-Kitab Journal for Pure Sciences (2026); 10(2):315-333.
e —

Technology Removal Cost Energy Sludge Suitability
Efficiency (%) | (USD/m®) Demand Generation for Iraq
Coagulation/ 80.0-95.0 0.05-0.15 Low High Municipal WTPs
Flocculation
Adsorption 90.0-99.0 0.15-0.40 Very Low Low Rural/Urban
(Activated Carbon)
Adsorption 85.0-98.0 0.05-0.20 Very Low Low Rural
(Biochar)
Adsorption 70.0-90.0 0.03-0.10 Very Low Low Rural
(Clay Minerals)
Electrocoagulation 90.0-99.0 0.20-0.60 Moderate Moderate Semi-urban

Based on the evidence synthesis and its limitations, recommendations are organized by function
rather than by unsupported implementation deadlines:
(1) Monitoring: establish a standardized heavy-metal monitoring program for Kirkuk source
water and treated water, with documented sampling frequency, analytical detection limits, and
QA/QC. Industrial discharge points that may affect water sources should be included in

source-pathway surveillance.

(i1) Source control: prioritize verification and control of Cd- and Pb-bearing industrial
discharges. Industrial wastewater should be evaluated under discharge and receiving-water

criteria rather than direct drinking-water ingestion assumptions.

(ii1) Treatment selection: pilot-test adsorption, ion exchange, membrane, or other technologies
only after source-specific characterization and technical-economic feasibility assessment. The
present review does not provide sufficient evidence to prescribe RO or NF upgrades for a

specific Kirkuk plant.

(iv) Data integration: develop a GIS-enabled water-quality database that stores coordinates,
sampling dates, source type, analytical method, detection limits, and QA/QC metadata. Such
harmonized data are required before robust spatial interpolation or temporal trend modeling can

be justified.

4. Conclusions

This structured synthesis demonstrates that the available Iraqi evidence is heterogeneous by

location, water-source type, sampling design, and reporting quality. Within Kirkuk, the cited
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municipal-treatment evidence indicates comparatively low heavy-metal concentrations in

treated water, whereas the cited industrial-wastewater study reports markedly elevated Cd and
Pb. These source types should not be combined under a single drinking-water exposure

interpretation.

Spatial comparison supports a source-dependent pattern rather than a governorate-wide
contamination gradient: treated municipal water, groundwater, and industrial wastewater
represent distinct matrices. The available evidence is too sparse and methodologically
heterogeneous for defensible GIS interpolation across Kirkuk. Accordingly, the revised
manuscript limits spatial inference to study locations and recommends a georeferenced

monitoring database for future interpolation.

Treatment technologies show different performance, cost, energy, and operational
requirements. Accordingly, adsorption and membrane processes should be considered
candidate options rather than universal recommendations. The most defensible priorities arising
from this review are standardized monitoring of Cd and Pb, transparent analytical QA/QC,
control of industrial source pathways, and collection of georeferenced, time-stamped data that

can support future quantitative GIS and trend analyses.

Of the treatment technologies assessed, low-cost adsorption using locally produced biochar
and clay minerals is the most feasible technology for decentralized rural systems, offering 85—
98% removal at the least cost and energy demand. The highest removal efficiency (94-99.9%)
1s achieved with nanofiltration and reverse osmosis and are recommended as tertiary treatment
upgrades for urban treatment plants. The results emphasize the need for continuous monitoring
of heavy metals, stricter control of industrial effluents and funding of appropriate treatment

technologies to protect public health in Kirkuk and Iraq.
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