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ABSTRACT

Background: Lung cancer, a malignancy resulting from the uncontrolled growth of cells in
pulmonary tissues, remains to be a primary cause of cancer-associated deaths worldwide,
requiring a thorough understanding of its complex pathophysiology to develop effective
treatment techniques. Objectives: The present work was aimed at analyzing the anticancer
properties of the bilobetin against benzo(a)pyrene (B(a)P)-induced lung cancer in mice.
Materials and Methods: Lung cancer was induced in mice with oral treatment of B(a)P for four
consecutive weeks (from second to sixth week). Bilobetin (25 mg/kg) was provided to the mice
one week prior to and throughout the 16 weeks via oral gavage. The concentrations of phase-I
and -l detoxifying enzymes, immunoglubulins (Igs), and xenobiotic dysfunction markers were
assessed in the experimental mice. The concentrations of tumor biomarkers, pro-inflammatory
cytokines, and other tumor-related molecular markers were assessed using respective diagnostic
kits. The inflammatory cells and phagocytic and avidity indexes were also evaluated in the
experimental mice. Results: The present results evidenced that the treatment of 25 mg/kg of
bilobetin significantly regulated the concentrations of phase-l1 and -Il enzymes, Igs levels, and
reduced the xenobiotic dysfunction markers in B(a)P-induced mice. Moreover, the bilobetin
considerably decreased the tumor biomarker levels, inflammatory cytokine levels, and increased
the inflammatory cells in B(a)P-treated mice. The concentrations of PCNA, NF-kB, CYP1A1,
and NRF-2 was considerably reduced by the bilobetin treatment in the B(a)P-treated mice.
Conclusion: Our results demonstrate that bilobetin treatment exhibits immunomodulatory and
chemopreventive properties in lung cancer in mice. Consequently, it was evident that bilobetin
treatment possesses immunomodulatory and chemopreventive properties against lung cancer
and may enhance chemotherapy approaches for lung cancer.
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Lung cancer, a pervasive and devastating malignancy, has steadily
increased in incidence and mortality in each year worldwide,
establishing itself as a major cause of cancer-associated mortalities
globally. The definition of lung cancer centers on the uncontrolled
growth of malignant cells within the lung tissues, leading to the
formation of tumors that can metastasize and invade other parts
of the body.! Lung cancer is defined into two subtypes: Non-Small
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Cell Lung Cancer (NSCLC) and Small Cell Lung Cancer (SCLC),
each exhibiting distinct clinical behaviors and requiring tailored
treatment strategies. NSCLC accounts for 85% of all incidences.
Despite advancements in therapeutic interventions, the prognosis
for lung cancer remains poor, with a mere 10% to 20% five-year
survival rate in numerous countries.” The global burden of lung
cancer is disproportionately distributed, with higher incidence
and mortality rates observed in developed nations, particularly
among individuals aged 65 to 84 years.’ The rise in lung cancer
cases is particularly pronounced in developing countries,
where approximately half of all diagnoses now occur. The
burdens associated with lung cancer extend beyond mortality,
encompassing significant morbidity, reduced quality of life, and
substantial economic costs for patients, families, and healthcare
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systems. Lung cancer accounts for approximately one in five
cancer deaths worldwide.*

The etiology of lung cancer is multifactorial, involving a complex
interplay of genetic predisposition, environmental exposures, and
lifestyle factors. Tobacco smoking stands out as the predominant
risk factor, implicated in approximately 80-90% of lung cancer
incidences. Other established causes include exposure to radon,
asbestos, and other occupational carcinogens, as well as air
pollution and certain genetic mutations. The association between
lung infections, such as tuberculosis, and lung cancer has
garnered increasing attention, suggesting a potential link between
chronic inflammation and carcinogenesis.>® The pathogenesis of
lung cancer involves several molecular and cellular events that
disrupt normal lung tissue homeostasis. These alterations result
in uncontrolled cell growth, escape of apoptosis, and metastasis.
Genetic and epigenetic alterations are hallmarks of lung cancer,
with frequent mutations noted in genes like EGFR, KRAS,
TP53, and ALK. These mutations can drive tumor development
and progression, and they also serve as therapeutic targets for
personalized medicine approaches.” Furthermore, lung cancer is
highly heterogeneous, arising from different sites in the bronchial
tree, leading to varying symptoms depending on the anatomic
location.®

Lung cancer continues to pose a substantial worldwide
health issue despite progress in diagnosis and therapies. The
complex nature of lung cancer necessitates a multifaceted
approach, integrating conventional therapies such as surgery,
radiotherapy, chemotherapy, and targeted therapy.’ Treatment
decisions are based on cancer type and stage, but responses to
treatment strategies are poor, except for localized tumors. The
limitations and challenges associated with current lung cancer
treatments underscore the urgent need for innovative therapies
that can overcome resistance mechanisms, improve treatment
effectiveness, and improve patient outcomes.”” Plant-derived
bioactive compounds have garnered increasing attention as
potential therapeutic agents for lung cancer, owing to their diverse
pharmacological activities and favorable safety profiles. Many
plant-derived compounds are being studied for their anticancer
properties, offering a rich source of potential therapeutic agents.
It has been shown that plant-derived compounds can inhibit
the growth of lung cancer cells."" Bilobetin is a natural bioactive
bioflavonoid compound widely occur in the Ginkgo biloba and
some other gymnosperm plants. Several previous studies has
already mentioned the various biological activities of bilobetin,
including antioxidant, antimicrobial, and anti-inflammatory
effects.'>”® Furthermore, it has been also found that bilobetin
showed anticancer activity,'" ameliorated insulin resistance in rat
model,” and protected the cisplatin-induced testicular toxicity.'¢
However, there are no much evidences for the anticancer activity
of bilobetin against lung cancer. Therefore, this work was focused
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at analyzing the anticancer properties of the bilobetin against
benzo(a)pyrene (B(a)P)-induced lung cancer in mice.

MATERIALS AND METHODS

Chemicals

B(a)P and bilobetin were acquired commercially from Sigma
Aldrich, St. Louis, USA. The biomarker levels were assessed with
commercial diagnostic kits sourced from My Bio Source and
Abcam, USA, respectively. All additional reagents acquired were
of the utmost experimental grade quality.

Experimental mice

Healthy male Swiss-albino mice were acquired from institutional
animal house and were treated humanely as per the Institutional
Animal Ethical Committee guidelines, as well as adhering to
ARRIVE guidelines. Mice were housed in infection-free and dry
polypropylene confines, sustained under a 12-hr light and 12-hr
dark cycles, with a humidity of 25+2°C.

Experimental groups

The experimental mice were distributed into four experimental
groups with six mice in each (#=6). Group I: Control mice
administered corn oil orally as vehicle for 16 weeks; Group II:
Mice administered an oral dose of 50 mg/kg of B(a)P biweekly for
4 consecutive weeks (from second to sixth week) to induce lung
cancer; Group III: Mice received a continuous oral treatment
of 25 mg/kg of bilobetin one week before to and throughout 16
weeks, following a schedule similar to Group II; Group IV: Mice
received oral treatment with 25 mg/kg of bilobetin alone for
16weeks without the B(a)P induction. Following the termination
of treatments, the mice from all groups were sacrificed under
anesthesia using cervical dislocation, and samples were obtained
for future investigations.

Analysis of immune complexes

The avidity index was examined using the technique described
by Chia et al.” The Muniz-Junqueira et al.'® Approach was
employed to assess phagocytic index. The Nitroblue Tetrazolium
(NBT) reduction test and Soluble Immune Complexes (SIC)
were evaluated assessed using the methodologies of Choi et al.”
and Chen et al.,” respectively. The immune cell counts such as
neutrophils, leucocytes, lymphocytes, and absolute neutrophil
and lymphocytes were performed based on the previous
technique by Boyum et al.*!

Analysis of phase-1 and -1l detoxifying enzymes

The cyt-bs, cyt-P450,
NADPH-cyt-c-reductase were assessed using the methodologies
of Omura and Sato,”? and Wharton and Tzagoloft,”
respectively. The Glutathione-S-Transferase (GST), Uridine
5’-Diphospho-Glucuronosyltransferase (UDP-GT), and Quinone

concentrations of and
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Reductase (QR) were evaluated using the methodologies
established by Habig et al.,** Luquita et al.,”® and Benson et al.,*
respectively.

Analysis of immunoglobulin (Ig) levels

The levels of Ig-A, Ig-M, and Ig-G in the serum was examined
using the commercial test kits. The experiments were conducted
in triplicate as per the manufacturer's specifications (Elabscience,
USA).

Analysis of xenobiotic dysfunction and biochemical
markers

Thelevels of Gamma Glutamyltransferase (GGT), 5'-Nucleotidase
(5’-NT), Aryl Hydrocarbon Hydroxylase (AHH), Adenosine
Deaminase (ADA), and Lactate Dehydrogenase (LDH) in liver
tissue homogenates were evaluated utilizing diagnostic kits
(MyBioSource, USA). The Cytochrome P450 1A1 (CYP1Al),
Nuclear Factor Erythroid 2 related Factor-2 (NRF-2), Nuclear
Factor-kB (NF-kB), and Proliferating Cell Nuclear Antigen
(PCNA) in the lung tissue homogenates were investigated using
the commercial test kits (MyBioSource, USA). The studies
were performed in triplicate according to the manufacturer's
specifications.

Analysis of Cytokeratin Fragment-19 (CYFRA 21-1)
and Carcinoembryonic Antigen (CEA) levels

The serum CYFRA 21-1 and CEA concentrations in the
experimental mice were assessed using commercially available
diagnostic kits from My Bio Source, USA. All tests were conducted
with three replicates as per the manufacturer's specifications.

Analysis of inflammatory cytokines

The serum IL-6, IL-1p, and TNF-a in the experimental animals
were investigated using diagnostic kits (Abcam, USA). All tests
were conducted in triplicates in accordance to the manufacturer's
protocols.

Statistical analysis

Statistical assays were done using GraphPad software. Data were
depicted as the mean * SD from triplicates. The disparities among
treatment groups were examined using one-way ANOVA with
Tukey's post hoc assay. A p-value <0.05 was fixed to define the
significance.

RESULTS

Effect of bilobetin on the phase-l and phase-li
detoxifying enzymes in experimental mice

The current study noted increased cyt-b5, cyt-P450, and
NADPH-cyt-c-reductase  concentrations and diminished
GST, UDP-GT, QR concentrations in the serum samples of
the B(a)P-treated mice with lung cancer compared to other
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groups. Conversely, the bilobetin treatment at 25 mg/kg
concentration markedly diminished the cyt-b5, cyt-P450, and
NADPH-cyt-c-reductase levels while elevating the GST, UDP-GT,
QR concentrations in the B(a)P-induced mice, as illustrated in
Figure 1. Notably, the 25 mg/kg of bilobetin alone treatment had
a negligible impact on the levels of these detoxifying enzymes in
the mice. These findings indicate that administering bilobetin
to the B(a)P-induced mice may be beneficial in detoxifying the
carcinogen in the B(a)P-induced mice.

Effect of bilobetin on the Igs and xenobiotic
dysfunction markers in the experimental mice

Figure 2 illustrates the effects of bilobetin treatment on the levels
of Igs and xenobiotic dysfunction markers in the experimental
mice. A reduction in IgG and IgM and an elevation in IgA
concentrations were noted in the B(a)P-exposed mice than the
control. Furthermore, increased concentrations of GGT, 5’-NT,
AHH, and LDH was found in B(a)P-treated mice. Fascinatingly,
the treatment of 25 mg/kg of bilobetin significantly regulated the
Igs concentrations and diminished the5’-NT, AHH, GGT, and
LDH concentrations in the B(a)P-treated mice. Furthermore, the
levels of these Igs and xenobiotic dysfunction markers in mice
remained mainly unaffected by bilobetin (25 mg/kg) treatment
alone.

Effect of bilobetin on immune cells, avidity and
phagocytic index, and SIC in experimental mice

Figure 3 illustrates the effects of bilobetin on the immune cells
and immune complexes in the experimental animals. The B(a)
P-treated mice exhibited reduced levels of inflammatory cells,
including lymphocytes, neutrophils, leucocytes, and absolute
neutrophils and lymphocytes when compared with control. In
addition, the B(a)P-exposed mice also demonstrated reduced
avidity and phagocytic index, NBT reduction, and enhanced SIC
in comparison to the control mice. Interestingly, these alterations
were well regulated by the bilobetin treatment. The concentrations
of immune cells were elevated in B(a)P-exposed mice following
the administration of 25 mg/kg of bilobetin. A notable elevation
in the avidity and phagocytic indexes, NBT reduction, and a
decrease in SIC was also detected in the bilobetin-treated mice
(Figure 3). Furthermore, 25 mg/kg of bilobetin alone treatment
did not significantly alter the levels of these parameters in the
mice. The data indicated that bilobetin exhibited considerable
immunomodulatory effects on the B(a)P-exposed mice.

Effect of bilobetin on tumor biomarkers and
inflammatory cytokines in experimental mice

The tumor biomarkers and inflammatory cytokine concentrations
in the experimental mice was evaluated with the results depicted
in Figure 4. As indicated in Figure 4, the B(a)P-induced mice
depicted a substantial augmentation in IL-1p, IL-6, and TNF-a
concentrations in comparison to the control. Furthermore, the
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Figure 1: Effect of bilobetin on the phase-I and -Il detoxifying enzymes in the experimental mice. The data are expressed
as a mean=SD of three replicates. The data are statistically evaluated using one-way ANOVA, subsequently applying
Tukey's post hoc assay to evaluate the differences between treatment groups. Note: ‘#’ denotes significance at p < 0.01
compared to the control group, whereas ‘##’ denotes significance at p < 0.05 compared to the B(a)P-induced group.

augmented CEA, CYFRA 21-1, and ADA levels were also noted
in the B(a)P-treated mice. Captivatingly, the administration of
bilobetin (25 mg/kg) significantly diminished the inflammatory
cytokine levels and also subsequently reduced the tumor
biomarker concentrations in the B(a)P-induced mice. In
addition, the administration of 25 mg/kg of bilobetin alone
had no pronounced effect on the levels of these parameters in

experimental mice.

Effect of bilobetin on CYP1A1, PCNA, NF-kB, and
NRF-2 levels in experimental mice

The quantities of CYP1A1, NF-kB, PCNA, and NRF-2 in the lung
tissues of the experimental mice were evaluated, and the findings
are depicted in Figure 5. The elevated CYP1A1l, PCNA, NF-kB,
and NRF-2 concentration were seen in the lung tissues of B(a)
P-treated mice in comparison to the control. However, the 25
mg/kg of bilobetin markedly diminished the levels of CYP1A1,
PCNA, NF-kB, and NRF-2 in the lung tissues of B(a)P-treated
mice with lung cancer (Figure 5). In addition, mice treated with
bilobetin (25 mg/kg) alone showed no significant changes in the
levels of these biomarkers.
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DISCUSSION

Lung cancer, a malignancy arising from the uncontrolled growth
of cells within the pulmonary tissues, remains a pivotal cause of
cancer-associated deaths worldwide, requiring a comprehensive
understanding of its intricate pathophysiology to devise effective
therapeutic strategies. The process of carcinogenesis, which
involves a series of genetic and epigenetic alterations, can now
be approached at the molecular level, leading to advances
in prevention, diagnosis, and treatment. Understanding the
molecular basis of lung cancer is essential for advancing
diagnostic, staging, therapeutic, and preventive strategies.”” The
absence of uniform pathomechanism in NSCLC leads to the
absence of a standardized treatment approach. Molecular analysis
has revealed that lung cancer exhibits marked heterogeneity, both
histologically and molecularly, with distinct subtypes displaying
unique genetic and signaling pathway aberrations that drive tumor
initiation, progression, and metastasis. The problem stems from
the extensive variety of driver mutations, and consequently, the
multitude of cancer cell genotypes that regulate the carcinogenic

process in the lungs.?
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Phase-I and -II enzymes play a pivotal role in the metabolism
of xenobiotics, including pro-carcinogens like B(a)P, a ubiquitous
environmental pollutant implicated in the progression of
lung cancer. Phase I enzymes, such as cyt-P450s, catalyze
oxidation, reduction, and hydrolysis reactions, often converting
pro-carcinogens into more reactive intermediates. Cyt-b5 and
NADPH-cytochrome ¢ reductase are critical components of
the cyt-P450 enzyme system, playing essential roles in electron
transfer and enzymatic activity.”® The balance between phase-I
activation and -II detoxification determines the ultimate fate
of these compounds, influencing their carcinogenic potential.
In contrast, phase-II enzymes, including GSTs, UDP-GT, and
QR, facilitate the conjugation of these reactive intermediates
with endogenous molecules rendering them water-soluble and
excretable. The coordinated actions of these enzymes dictate
the cellular response to benzopyrene exposure and impact the

predisposition to lung cancer development.® The analysis of
cyt-b5, cyt-P450, and NADPH-cytochrome c reductase activities
provides valuable insights into the phase I metabolic capacity
of lung tissues, reflecting the ability to activate pro-carcinogens
into carcinogenic metabolites. Assessing GST, UDP-GT, and QR
activities offers insights into the phase II detoxification capacity
of lung tissues, reflecting the ability to neutralize reactive
metabolites and prevent DNA injury.** Analyzing these enzymes
in the benzopyrene-exposed mice can offer useful knowledge
about the metabolic pathways and effectiveness of detoxification
mechanisms.”> The present findings revealed the increased
cyt-b5, cyt-P450, and NADPH-cyt-c-reductase concentrations
and diminished GST, UDP-GT, QR concentrations in the B(a)
P-treated mice with lung cancer. Interestingly, the bilobetin
treatment successfully reduced the cyt-b5, cyt-P450, and
NADPH-cyt-c-reductase levels while elevating the GST, UDP-GT,
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Figure 2: Effect of bilobetin on the Igs and xenobiotic dysfunction markers in the experimental mice. The data are
expressed as a mean=SD of three replicates. The data are statistically evaluated using one-way ANOVA, subsequently
applying Tukey's post hoc assay to evaluate the differences between treatment groups. Note: ‘# denotes significance at
p < 0.01 compared to the control group, whereas ‘##  denotes significance at p < 0.05 compared to the B(a)P-induced

group.
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Figure 3: Effect of bilobetin on the immune cells, avidity and phagocytic index, and SIC in the experimental mice. The data
are expressed as a mean£SD of three replicates. The data are statistically evaluated using one-way ANOVA, subsequently
applying Tukey's post hoc assay to evaluate the differences between treatment groups. Note: ‘# denotes significance at p <
0.01 compared to the control group, whereas ‘##' denotes significance at p < 0.05 compared to the B(a)P-induced group.

QR concentrations in the B(a)P-treated mice, which evidences
the beneficial effects of bilobetin in detoxifying or metabolizing
the carcinogen in the mice model.

Igs, crucial components of the adaptive immune system, play
multifaceted roles in the progression of lung cancer, ranging
from tumor promotion to immune surveillance. Dysregulation
of Ig production and function can significantly impact the
tumor microenvironment and influence the clinical course of
lung cancer. IgG, the most abundant antibody isotype in the
circulation, mediates a variety of effector functions, which can
target and abolish tumor cells.*® IgM, the first antibody generated
during an immune reaction, is especially potential in activating
the complement cascade, leading to direct lysis of cancer cells
and enhanced antigen presentation. IgM can also neutralize
tumor-associated antigens and prevent their interaction
with growth factor receptors, thereby inhibiting tumor cell
proliferation and angiogenesis. IgA, predominantly found in
mucosal secretions, plays an essential role in maintaining immune
homeostasis at the lung mucosal surface, which is the primary site
of lung cancer development.* IgA can neutralize pathogens and
prevent their entry into the underlying tissues, thereby reducing
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chronic inflammation, a major risk factor for lung cancer. IgA can
also regulate antibody-dependent cytotoxicity and phagocytosis,
thereby eliminating cancer cells at the mucosal surface.
Dysregulation of IgA production and transport can compromise
mucosal immunity and promote lung cancer development.’® The
analysis of IgG, IgM, and IgA can provide valuable model system
for elucidating the mechanisms by which these Igs contribute
to lung cancer pathogenesis. Understanding the mechanisms
by which these Igs influence tumor immunity and the tumor
microenvironment is crucial for developing effective techniques
to treat lung cancer.® In this work, the decreased IgG and IgM
and elevated IgA was seen in the B(a)P mice. Interestingly, the
bilobetin treatment considerably regulated the Igs concentrations
in the B(a)P mice.

Xenobiotic metabolism, the process by which the body detoxifies
foreign substances, plays an essential role in cancer initiation,
especially in organs like the liver and lung that are constantly
exposed to environmental toxins. Dysfunction in xenobiotic
metabolism can result in the accumulation of carcinogenic
compounds, heightening the risk of lung cancer. Understanding
the molecular mechanisms of carcinogenesis is essential for
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developing effective prevention, diagnosis, and treatment
strategies. Biomarkers that are post-translationally modified
can serve as prognostic markers, aiding in the evaluation of
clinical outcomes in malignancies.”” GGT, 5'-NT, AHH, ADA,
and LDH are key enzymes involved in xenobiotic metabolism
and cellular function, and their altered levels can indicate
metabolic dysfunction and cellular damage. GGT is an enzyme
involved in GSH metabolism, which is crucial for detoxification
and antioxidant defense. Elevated GGT levels often indicate
liver damage and oxidative stress, which can be associated with
increased cancer risk. 5'-NT is involved in nucleotide metabolism
and its activity is often elevated in cancer cells due to increased cell
proliferation and metabolic activity. AHH is a phase I metabolic
enzyme responsible for the activation of procarcinogens like B(a)
P into their reactive forms, thus promoting DNA damage and
tumor initiation.®® ADA is involved in purine metabolism and
immune function, and its altered levels can indicate immune
dysregulation and inflammation, which are key components of
the tumor microenvironment. LDH plays an essential role in
anaerobic glycolysis, a metabolic pathway often upregulated in
tumor cells to support rapid growth. Analyzing these enzymes
in the context of B(a)P-exposed mice provides a valuable
tool to understand the complex interplay between xenobiotic
metabolism, cellular stress, and tumorigenesis.” In this work,
we seen that B(a)P-treated mice demonstrated increased GGT,
5'-NT, AHH, ADA, and LDH concentrations in comparison
to the control. However, the bilobetin treatment significantly

diminished the GGT, 5’-NT, AHH, ADA, and LDH in the B(a)
P-treated mice.

CYFRA 21-1 and CEA have emerged as significant tumor
biomarkers in lung cancer, offering potential insights into
disease pathophysiology and clinical management. CYFRA
21-1, a soluble fragment of cytokeratin 19, is released into the
bloodstream during epithelial cell turnover and is frequently
elevated in various malignancies, including lung cancer. CEA,
a glycoprotein participated in cell adhesion, is overexpressed in
numerous tumors, including lung cancer, and is connected with
tumor growth, metastasis, and angiogenesis.** Examining the
pathophysiology of lung cancer, CYFRA 21-1's involvement stems
from its role as a product of cytokeratin 19, a key component
of the cytoskeleton in epithelial cells; its increased presence in
serum indicates heightened epithelial cell turnover and tumor
burden. The carcinogenicity of B(a)P, a ubiquitous environmental
pollutant, initiates a cascade of molecular events leading to DNA
damage, genomic instability, and ultimately, tumor formation. The
analysis of CYFRA 21-1 in B(a)P mice can reveal the dynamics
of epithelial cell damage and proliferation during the different
stages of tumor development.*" The significance of CEA in lung
cancer pathophysiology is linked to its function in cell adhesion
and its influence on tumor cell interactions with the surrounding
microenvironment; overexpression of CEA promotes tumor
cell adhesion to endothelial cells, facilitating metastasis and
angiogenesis, which are critical processes in tumor progression.
Monitoring CEA levels in B(a)P mice can provide insights into
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Figure 4: Effect of bilobetin on the tumor biomarkers and inflammatory cytokines in the experimental mice. The data are expressed as a
mean=SD of three replicates. The data are statistically evaluated using one-way ANOVA, subsequently applying Tukey's post hoc assay to evaluate
the differences between treatment groups. Note: ‘#’ denotes significance at p < 0.01 compared to the control group, whereas ‘##’ denotes
significance at p < 0.05 compared to the B(a)P-induced group.
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Figure 5: Effect of bilobetin on the CYP1A1, PCNA, NF-kB, and NRF-2 levels in the experimental mice. The data are expressed as a mean+SD of three
replicates. The data are statistically evaluated using one-way ANOVA, subsequently applying Tukey's post hoc assay to evaluate the differences between
treatment groups. Note: ‘#' denotes significance at p < 0.01 compared to the control group, whereas ‘##  denotes significance at p < 0.05 compared to the
B(a)P-induced group.

the metastatic potential and angiogenic activity of lung tumors.*
In this work, the results demonstrated the increased CEA and
CYFRA 21-1 concentrations in the B(a)P-treated mice. However,
the bilobetin treatment effectively diminished these tumor
biomarkers in the B(a)P-treated mice.

The several biomarkers including CYP1A1, PCNA, NF-«B, and
NRF-2 represent a complex interplay of proteins intricately
participated in the onset of lung cancer, especially in the context
of exposure to carcinogenic compounds such as B(a)P. CYP1Al,
a member of the cyt-P450 superfamily of enzymes, plays a
pivotal role in the metabolic activation of pro-carcinogens like
B(a)P. This metabolic activation results in the development of
reactive intermediates that can bind to DNA, forming DNA
adducts and initiating mutations that drive carcinogenesis.”
PCNA, a protein essential for DNA replication and repair, serves
as an indicator of cell growth and is frequently overexpressed
in cancer cells, reflecting their uncontrolled growth. NF-«B, a
transcription factor participated in inflammation, immunity,
and cell survival, is often constitutively activated in lung cancer,
enhancing tumor development and therapy resistance. NRF-2,
a transcription factor regulating antioxidant gene expression, is
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crucial for cellular defense against oxidative stress and is often
dysregulated in lung cancer, influencing tumor development and
suppression based on the context.** The intricate involvement of
NF-xB in cellular functions underscores the importance of its
tightly regulated activation and termination, but dysregulation
of this pathway is participated in several diseases, including
cancer. Activation of NF-kB can be triggered by diverse stimuli,
including inflammatory cytokines, growth factors, and genotoxic
stress, resulting in the transcription of genes participated in cell
survival, growth, and inflammation. Abnormal NF-«B activation
has been noted in numerous cancers, including lung cancer,
where it promotes tumor growth, angiogenesis, and metastasis.*
Analysis of these markers in B(a)P-induced mice provides
valuable insights into the mechanisms underlying lung cancer.
Evaluating CYP1A1 expression and activity can reveal the extent
of metabolic activation of B(a)P and the generation of carcinogenic
metabolites. Assessing PCNA levels can indicate the proliferative
capacity of lung cancer cells and the effectiveness of therapeutic
interventions. Examining NF-kB activation status can elucidate its
role in inflammation, immune evasion, and resistance to therapy.
Investigating NRF-2 expression and activity can provide insights
into the cellular response to oxidative stress and the potential for
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therapeutic targeting of this pathway.* In this work, we found the
elevated levels of CYP1A1, PCNA, NF-kB, and NRF-2 were seen
in the lung tissues of B(a)P mice. Captivatingly, the treatment of
25 mg/kg of bilobetin markedly diminished the CYP1A1, PCNA,
NF-kB, and NRF-2 concentrations in the B(a)P-induced mice.

CONCLUSION

Our results demonstrate that bilobetin treatment exhibits
immunomodulatory and chemopreventive properties in B(a)
P-induced lung cancer in mice. The chemopreventive activity of
bilobetin in the context of B(a)P-induced cancer growth is linked
to its immunomodulatory properties and its capacity to modulate
phase-I and -II detoxifying enzymes. Moreover, bilobetin
treatment considerably reduced xenobiotic dysfunction markers,
regulated the Igs levels, and reduced tumor biomarkers in the
B(a)P-treated mice. Consequently, it was evident that bilobetin
treatment possesses immunomodulatory and chemopreventive
properties against lung cancer and may enhance chemotherapy
approaches this malignancy. Future should
investigate the molecular mechanisms underlying bilobetin's
immunomodulatory and chemopreventive effects. Additionally,

for studies

clinical trials are warranted to explore bilobetin's efficacy and
safety in human lung cancer patients.
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SUMMARY

Lung cancer, a widespread and lethal type of cancer, has
consistently increasing in incidence and mortality annually
worldwide. Bilobetin is a naturally occurring bioactive biflavonoid
prevalent in Ginkgo biloba and certain other gymnosperms.
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This study's results indicate that bilobetin therapy possesses
immunomodulatory and chemopreventive effects in B(a)
P-induced lung cancer in mice. Thus, it was clear that bilobetin
treatment has immunomodulatory and chemopreventive effects
against lung cancer and may augment chemotherapy strategies
for this disease.
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