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R e ¢ reafive Bomimons like smoking and different levels of physical activity adjust the

ftibution €0 fntemtionatficense immune response. The immune-boosting attributes of herbal
compounds, as illustrated by Ganoderma lucidum, accentuate their contribution to the
regulation of natural Killer (NK) cell activity. Also, the blending of nanotechnology with drug
administration systems and immune improvement reveals groundbreaking options for
precision-focused treatment methodologies. This analysis probes into the detailed genetic
indicators that influence immune responses in people affected by persistent health issues,
including kidney disorders, thereby contributing significant insights into customized
healthcare solutions. This article shows how merging conventional and modern approaches
can aid in crafting more successful methods for addressing and preventing health problems,

notably in communities struggling with chronic and immune-related illnesses.
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1. INTRODUCTION

The innate immunity, through a synthesis of cellular and soluble pathways and integrated
barriers, is crucial for the recognition and control of the primary infection. The fungi
(truffles) possess the capacity to provide immune-enhancing advantages to humans. The
modulation of immune responses may be affected by tandem factors, which include both
external and internal elements.'® The body's immune system is a vital biological network
that plays an indispensable role in combating harmful agents and maintaining general well-
being.!®! Recent scientific developments have elucidated that the immune system is modified
by a multitude of determinants, encompassing nutritional status, genetic predispositions,
phytotherapeutic agents, and contemporary interventions such as nanotechnology.® An
examination strives to reveal the underlying mechanisms by which these variables affect
immune modulation, covering the implications of dietary intake and nutritional supplements,
conventional herbal interventions, or novel strategies integrating nanotechnology. Recent
empirical findings demonstrate that phytotherapeutic compounds like Ganoderma lucidum
can notably affect immune responses./! The research findings by Shallal and his associates
(2025) regarding Ganoderma lucidum's immunomodulatory roles on Natural Killer (NK)
cells revealed its potential to increase immune cell effectiveness, supporting its prospective
use as a modern immunotherapy solution.’” Furthermore, several academic investigations
have underscored the value of vitamins, particularly vitamin D, which is believed to
markedly boost immune performance. The findings emphasize how vitamins and dietary
elements greatly affect immune response adjustment and the defense against a range of
diseases. In addition, genetic determinants are pivotal in comprehending immune
interactions, particularly among individuals afflicted with chronic ailments."® The
modulation of the immune system in patients facing renal insufficiency heavily relies on
biomarkers, and altering these could augment immune responses. Furthermore, lifestyle
determinants, including deleterious behaviors, can profoundly influence immune responses.!!
The impact of various lifestyle choices on immunological and biochemical indicators in rat
models, illustrating the ways in which lifestyle discrepancies can affect immune
functionality.”? In combination with standard practices, recent advancements, including
nanotechnology, have proven to hold great promise in the adjustment of the immune system.
Studies undertaken by Shallal et al. (2022) and Talukdar et al. (2022) have rigorously

www.wijpr.net | Vol 15, Issue 6,2026. |  1SO 9001: 2015 Certified Journal | 850



Shallal. World Journal of Pharmaceutical Research

explored the function of nanotechnology-driven drug delivery systems in bolstering immune
responses and advancing tissue regeneration, consequently revealing groundbreaking
opportunities for the meticulous and targeted treatment of numerous diseases.® This paper
seeks to build a solid theoretical groundwork for interpreting immune interactions and their
determining factors, which might help in crafting more effective methods for disease

prevention and management in individuals enduring long-lasting health problems.

2. Plant Solutions And Their Medical Importance

A research investigation conducted by Hassan et al. (2020) elucidates the antibacterial
properties inherent in quercus species along with their corresponding galls. The inquiry
explored the defensive capabilities of these plant-derived agents versus several pathogenic
bacterial forms. The results indicated that both quercus and gall extracts significantly
inhibited the growth of particular bacterial strains. This finding emphasizes the capacity of
quercus as a natural source of antibacterial compounds, thereby accentuating its therapeutic

importance in the treatment of bacterial infections.™

Research indicates that mint extract can effectively tackle several harmful bacterial strains.
The paper brought to light that mint extract contains substantial inhibitory properties against
different bacterial strains, pointing towards its potential as a helpful natural therapeutic
choice for bacterial infections. The results demonstrate a plausible path for non-traditional
antibiotics, consequently boosting the utilization of plant-derived antimicrobial

interventions.*Y

A comprehensive study conducted by Hassan et al. (2018) focused on the antibacterial
properties of pomegranate extracts. Results revealed that pomegranate extracts have
pronounced antibacterial traits against numerous bacterial varieties, thus backing the
perspective of pomegranate being a vital natural antimicrobial source. This investigation
accentuates the vital requirement to analyze phytochemical factors for their curative
potentials in addressing bacterial infections.'? Hamadamin et al. (2024) investigate the
interplay between extended-spectrum beta-lactamases (ESBLs) and bacterial structure within
the framework of antimicrobial resistance. Evidence proposes that the escalation of ESBLSs
within bacteria fortifies their resistance against antibiotics, resulting in challenges for
healthcare operations. Authors highlight the critical need to grasp these synergistic

interactions to design more robust approaches for tackling bacterial infections.!**
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3. Immune Modulation And Blood Parameters

Shallal's 2020 analysis investigates the influence of tobacco use on a range of inflammatory
biomarkers and biochemical measurements within male cohorts. The analysis brought to light
substantial shifts in these biomarkers, pointing out that smoking is linked to greater
inflammation and disturbs critical biochemical operations throughout the body. The results
reveal the negative consequences of tobacco use on health and supply more proof of its
association with a heightened risk of various ailments.**! Documentation indicates that
hookah (shisha) consumption is common among the student demographic at Salahaddin
University. The study highlighted a substantial share of students partaking in hookah
smoking, triggering apprehensions regarding the health implications connected to this trend.
The results of this analysis reveal the pressing demand for awareness efforts and preventive
strategies to lessen the expansion of hookah smoking among college students.™ The value of
strengthening the immune system through the growth of leukocytes, otherwise referred to as
white blood cells, is pointed out. This research accentuates the significance of leukocytes in
the augmentation of immune responses and provides valuable insights into prospective
therapeutic methodologies for fortifying the immune system in its defense against viral
pathogens.l*®! The alterations in immunological system functionality throughout gestation.
This document details that the immune system modifies its operations throughout pregnancy
to protect both the mother and the developing fetus. Changes in immunological responses are
key in preventing infectious conditions and establishing a secure setting that promotes fetal
development. This examination points out the crucial need to understand immune responses
in pregnancy to improve health results for mothers and their babies.™” A group of
investigators is analyzing how differing vitamin D levels affect specific immune indicators in
male test subjects. The analysis uncovered that shifts in vitamin D availability greatly affect
the performance of the immune system, pointing out that ensuring ideal vitamin D levels is
vital for the adjustment of immune responses.*® The impact of selecting various
anticoagulants and the timing of blood storage is significant for erythrocyte sedimentation
rate measurements in both healthy and pathological groups. The research elucidated that the
specific anticoagulant utilized and the duration of storage markedly affected ESR evaluations,
thereby vyielding critical insights into laboratory methodologies for the precise determination
of ESR across various patient cohorts.'¥ The investigators conducted a thorough
examination of the genotyping of intron 1 and the 22 inversion of the factor VIII gene
utilizing the IS-PCR methodology within a cohort of Kurdish patients originating from Iraq.
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The research yielded significant insights pertaining to genetic variations associated with
hemophilia, notably within the Kurdish demographic, and underscored the critical role of
genetic testing in enhancing diagnostic and therapeutic approaches for hemophilia A.”? The
occurrence of anemia among pediatric populations in the Ranya District of the Kurdistan
Region in Northern Irag has been examined. The examination exposed a considerable
prevalence of anemia throughout the area, pointing out the urgent call for public health
actions targeted at alleviating nutritional shortages and fostering the health of children in this
locality.” The correlation of sperm DNA integrity with immunological aspects in men
undergoing infertility challenges is notably vital. The investigation revealed that impaired
sperm DNA integrity and specific immunological anomalies were associated with infertility.
These revelations highlight that an in-depth analysis of sperm DNA integrity alongside
immune system functions could produce meaningful insights into the core reasons for male
infertility, thereby enhancing diagnostic and therapeutic models.”? The investigation
elucidates the manner in which the concentrations of these biomarkers may yield significant
understanding of the immunological and physiological alterations manifesting in individuals
experiencing reproductive complications. The results indicate that immunological evaluations
serve an essential function in the diagnosis and management of reproductive pathologies.!?®!
An assessment of the effects of nutritional strategies on diverse immune and metabolic
indicators is conducted. Findings suggest that multiple eating strategies might strengthen
immune performance and metabolic functions, hinting that conscious food choices can
contribute to better health effects. The implications of these discoveries point to dietary
modifications as a viable approach for addressing metabolic disorders and supporting

immune performance.?*

4. Nanotechnology And Human Health

In 2022, Talukdar and Patra conducted an analysis of the significant advancements in the
field of nanotechnology with respect to the methodologies employed for the delivery of
pharmaceuticals. An assessment provides insights into distinct nanotechnology-based
strategies that are deliberately formulated to advance the efficacy of medication delivery,
enhance bioavailability, and mitigate undesirable side effects. The review presents essential
insights into the application of nanomaterials within the framework of targeted drug delivery,
emphasizing their revolutionary potential in the treatment methods for a diverse array of
medical conditions, including neoplasms, infectious illnesses, and chronic disorders.” The

relationship between nanotechnology and bone tissue engineering is exhaustively analyzed.
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Authorities are elaborating on how nanotechnology could advance bone healing, perfect
therapeutic approaches, and allow for the precise distribution of restorative materials to the
compromised bone sites. This investigation elucidates the anticipated ramifications of
nanotechnology in addressing persistent obstacles in bone regeneration and its crucial impact
on the progression of regenerative medicine.’® The various dangers and barriers related to the
adoption of nanotechnology in agricultural frameworks are thoroughly assessed. Though
nano-particles provide perks, including better agricultural output and careful pesticide
deployment, this dialogue also underscores worries about their safety and ecological
consequences. The authors contend that meticulous evaluation and regulatory frameworks are
imperative to mitigate the potential threats posed by nanomaterials within agricultural

methodologies.*

5. Medical Insights: Anemia, COVID-19, Genetic Markers

The study meticulously explores the frequency of anemia brought on by chemotherapy in
adult populations, alongside the different therapeutic approaches adopted to resolve this
health concern. The investigation underscores the frequency of anemia among individuals
undergoing chemotherapy while also evaluating clinical interventions such as erythropoiesis-
stimulating agents and iron supplementation. These results underscore the necessity of
prompt identification and effective management to enhance the quality of life for individuals
receiving chemotherapy.’?® The incidence of iron deficiency among female athletes in the
Sulaymaniyah District is a significant concern. This inquiry clarifies important risk
influencers, notably demanding physical workouts, food consumption styles, and menstrual
rhythms. The results underscore the necessity of nutritional interventions and the vigilant
monitoring of iron concentrations to enhance the health and athletic performance of female
athletes.””! The iron status among female athletes within the Sulaymaniyah District was
investigated. The research revealed a noteworthy incidence of iron deficiency and
underscored the necessity for enhanced dietary interventions and iron supplementation in
order to optimize athletic performance and mitigate health complications associated with iron
deficiency.®® The dialysis procedure markedly alters various components of blood and
electrolytes in patients experiencing chronic kidney ailments. The research highlighted that
dialysis profoundly alters the concentrations of blood elements and electrolyte statuses,
including counts of red blood cells and sodium equilibrium. These outcomes point out the
vital importance of diligent observation of these metrics to ensure successful therapies and

improve the handling of patients with chronic kidney conditions who are receiving
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dialysis.l”? Variations in blood flow rates significantly affect the efficiency of dialysis and
the associated complications when utilizing both low- and high-flux membranes. The
evaluation implies that boosted blood flow rates relate to positive dialysis outcomes, yet they
may also inadvertently amplify the risk of certain unfavorable events happening. This inquiry
offers vital perspectives on refining dialysis techniques designed to boost patient results and
lessen the dangers linked with the treatment.®” This analysis clarifies the infection rates and
the demographic characteristics that influence the fallout of the pandemic in these places. The
results underscore the significance of public health interventions and strategies aimed at
mitigating the virus's spread in these areas, particularly to safeguard at-risk populations.*!
An incidence of COVID-19 within the Raparin district has been a focal point of investigation.
The inquiry looked into how SARS-CoV-2 is transmitted, evaluating conditions like infection
rates and demographic details. The data illustrated the alarming situation regarding the
pandemic in the area and emphasized the crucial requirement for tailored health responses to
halt the virus's spreading. This scholarly inquiry enhances the comprehension of the spatial
distribution of COVID-19, thereby informing public health initiatives within the region.*?
An investigation explains the incidence of COVID-19 within the Raparin administrative zone
of Iraq and elucidates the factors contributing to its propagation. This exploration highlights a
complete scrutiny of the social, demographic, and health-related components that aggravate
the outcome of the pandemic in the nearby context. The evidence showcases the important
function of initiating successful public health campaigns to lessen the virus’s transmission.!
The current analysis details a collection of genetic strategies applied for the extraction and
scrutiny of chromosomal units. This inquiry yields meaningful understandings related to the
practices employed in the evaluation of chromosomal designs, fundamental for decoding
genetic ailments and refining diagnostic expertise. Furthermore, it elaborates on the
ramifications of these methods within the domain of genetic inquiry and their prospective
applications in the pharmaceutical industry as well as applied chemistry.**! Exploring
Hashimoto's thyroiditis uncovers both genetic and epigenetic factors, a condition that affects
the thyroid gland through autoimmune responses. The inquiry clarifies how certain genetic
indicators and epigenetic changes contribute to the onset and development of the condition,
accentuating the prospective relevance of these indicators in the areas of diagnosis, prognosis,

and treatment strategies.™”
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6. Immunomodulation

Immunomodulators indicate agents, either sourced externally or produced internally, that
modify the strength, type, length, or success of the body's immune reaction. Numerous
biomarkers markedly alter the immunological responses in patients facing renal failure. The
present analysis investigates how these biomarkers play a crucial role in confronting the
difficulties tied to renal impairment. The results underscore the potential efficacy of targeting
these biomarkers to enhance immune functionality and the comprehensive management of
patients with renal failure.™! The species Ganoderma lucidum, recognized for its therapeutic
effects, influences how well natural killer cells work. This research at hand investigates the
known applications of this fungus next to its transforming roles in the sector of today's
immunotherapy. The results indicate that Ganoderma lucidum possesses the potential to
augment NK cell activity, thereby presenting significant therapeutic promise in the
management of diverse immune-related pathologies and malignancies.’ The selections we
make regarding our lifestyle, our eating patterns, and our array of therapeutic practices deeply
affect immune pathways and the biomarkers intertwined with them. This investigation
clarifies the complicated links among these elements in adjusting immune responses and their
potential usefulness in the avoidance or control of a range of illnesses. The results
underscore the critical necessity of integrating lifestyle management, adequate nutritional
practices, and targeted therapeutic strategies to enhance immune functionality.®! Numerous
determinants, such as leukocytes, vitamin D, phytochemicals, nanotechnology, and
biomarkers, exert an influence on the modulation of the immune system. The investigation
elucidates the significance of these components in sustaining immune equilibrium, their
potential utility in the treatment of diseases, and their therapeutic applications in enhancing
overall health. The advantages for well-being concerning truffles, a form of edible
mushroom, are studied. The analysis underscores the nourishing aspects of truffles,
particularly their high concentrations of antioxidants, vitamins, and minerals. The data show
that truffles might greatly aid in boosting general health and could impact the area of
preventive medicine.”! Scholarly researchers are engaged in an in-depth exploration of the
relationships between various lifestyle trends and their effects on immune responses and
biological indicators in experiments involving rats. The results indicated significant variances
in these markers dependent on the lifestyle conditions, thus providing critical insights into
how environmental and behavioral factors influence health at both biochemical and

immunological dimensions.!”!
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CONCLUSION

Various facets, including nutrition, lifestyle patterns, genetics, and the evolution of medical
advancements, have a substantial impact on immune operations. This analysis reveals the
opportunities presented by fusing classical therapeutic techniques, showcased by Ganoderma
lucidum, with progressive technologies like nanotechnology to boost immune system
effectiveness and address enduring health concerns. The relevance of biological signals,
specifically concerning genetic inclinations and behavioral effects, is paramount for the
advancement of individualized therapeutic methods focused on enhancing immune system
reactions. Though it has seen considerable developments, additional study is necessary to
thoroughly reveal the basic principles governing immune modulation in various groups and
changing conditions. The combination of established and innovative practices within
immunology showcases immense potential; nevertheless, it requires relentless study to
confirm the safety, potency, and extensive usability of these cooperative therapeutic
solutions. In summary, embracing a more extensive perspective on immunomodulation could
facilitate the formulation of more impactful, customized, and accessible healthcare

interventions for many immune-mediated conditions.
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