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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: The dental materials based on resin 

substances release small amounts of their unreacted 
monomer components which result in continuous exposure 
of oral epithelial cells to these substances. The scientific 
community lacks sufficient knowledge about molecular 
reactions which occur before cells show toxic damage. 
Aim: The research aims to determine how Bis-GMA 
and TEGDMA and UDMA and HEMA concentrations 
below cytotoxic levels affect oral epithelial cells 
through oxidative stress and DNA damage and changes 
in genes that control cell proliferation and apoptosis. 
Methods: The MTT assay helped researchers determine the 
specific concentration ranges which produced sub-cytotoxic 
effects. The DCFH-DA assay measured the amount of ROS 
which cells produced inside their cells. The alkaline comet assay 
was used to evaluate DNA damage while qRT-PCR analyzed 
the relative mRNA levels of BAX, BCL-2, p53, c-Myc and 
Cyclin D1. Results: The tested monomers at low concentrations 
did not affect cell metabolic activity but they all caused an 
increase in intracellular ROS levels. The two monomers Bis-
GMA and TEGDMA generated the most significant increase 
in ROS levels among all tested compounds. The results 
showed oxidative imbalance because comet parameters 
showed increased DNA strand breakage and qRT-PCR results 
showed apoptosis-related gene expression with BAX and p53 
showing elevated expression while BCL-2 levels decreased 
and c-Myc and Cyclin D1 showed no significant changes. 
Conclusion: The research shows that oral epithelial cells 
experience oxidative and genotoxic stress when they encounter 
standard resin monomers at levels which do not result in major 
cell death. The research results confirm that additional studies 
need to investigate how biological responses develop from first 
molecular changes which occur when patients follow standard 
medical protocols.

Key words. Dental resin monomers, oral epithelial 
cells, oxidative stress, DNA damage, gene expression, 
biocompatibility.
Introduction.

The oral environment needs dental resin-based materials to 
perform both functional restoration and aesthetic enhancement 
while being compatible with the active oral environment. The 
selection of restorative and orthodontic materials depends on 
biocompatibility tests which confirm that materials do not 
trigger tissue reactions or inflammation [1,2]. The modern 
understanding of tissue responses at molecular levels shows that 
traditional biocompatibility assessments might miss essential 
biological interactions which occur in oral epithelial tissue that 
protects against chemical and microbial threats [3].

The development of composite systems depends on 
methacrylate-based monomers which include Bis-GMA and 
TEGDMA and UDMA and HEMA because these materials 
offer both mechanical properties and appropriate polymerization 
characteristics [4,5]. The polymerization process of these 
monomers fails to achieve complete completion when they 
are used in oral applications. The surface of materials releases 
unpolymerized monomers which enter saliva and surrounding 
tissues to create ongoing yet minimal exposure of oral epithelial 
cell exposure [6,7]. The extended exposure patterns of these 
substances differ from standard high-dose short-term tests 
which were designed for conventional cytotoxicity assessments 
thus creating doubts about their long-term molecular effects. 

Multiple scientific studies demonstrate that Bis-GMA 
and TEGDMA and UDMA and HEMA monomers possess 
biological activity instead of being inactive substances. Studies 
in laboratory environments show that Bis-GMA and TEGDMA 
and UDMA and HEMA create oxidative stress which generates 
ROS and causes mitochondrial damage and disrupts DNA 
repair pathways [8-10]. The effects of these substances become 
apparent when cells survive but their molecular structure starts 
to deteriorate at concentrations that are below toxic levels. The 
research shows that conventional viability tests cannot identify 
the first genetic mutations which develop into cancer after 
people stay exposed to these substances for extended periods. 

Research shows that resin monomer exposure leads to gene 
expression changes which affect apoptosis and cell-cycle 
progression and trigger early signs of oncogenic development 
thus potentially establishing a genomic instability environment 
[8-11]. The research shows that biocompatibility requires 
expansion through molecular biocompatibility testing because 
this method outperforms traditional acute toxicity tests to 
identify tiny cellular alterations which impact medical results. 

The evaluation of dental resin monomer carcinogenic potential 
serves as a critical requirement because it allows toxicological 
assessments and meets ethical standards for dental material 
development and medical practice. The study examines 
how resin monomers impact oral epithelial cells by causing 
oxidative stress and DNA damage and altering gene expression 
to improve molecular risk assessment and create safer dental 
materials. Research shows resin monomers create DNA 
damage and oxidative stress while altering gene expression but 
scientists have mainly focused on short-term toxic effects of 
these compounds [10,11]. 

The current knowledge about monomer cancer-causing 
potential remains restricted because scientists employ various 
testing approaches which do not assess prolonged exposure 
effects. The assessment of dental resin monomers Bis-GMA, 
TEGDMA, UDMA and HEMA on oral epithelial cells needs 
to evaluate oxidative stress and DNA integrity. The research 
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investigates dental resin monomers Bis-GMA, TEGDMA, 
UDMA and HEMA for their potential to cause cancer in oral 
epithelial cells through molecular assessments of oxidative 
stress and DNA damage and oncogenic and apoptotic gene 
expression. The study investigates how these monomers impact 
oxidative stress and DNA stability and early cancer-related 
gene expression at exposure amounts that are below toxic levels 
to evaluate their potential long-term health dangers for dental 
patients.
Materials and Methods.

Dental resin monomers: Fresh stock solutions were made, 
handled carefully in clean environments, dissolving methacrylate 
materials into DMSO since water cannot fully dissolve them. 
Never exceeding 0.1 percent by volume, DMSO stayed below 
a level that might affect cells. Each setup included a reference - 
matching solvent amounts but lacking any chemical - to rule out 
harm caused by the carrier itself. Tests ran with these controls 
across every trial, covering how solvents alone could influence 
results.

Cell line and culture conditions: The TR146 cell line served 
as an in vitro model to study oral epithelial barrier function and 
toxic effects because it contained human oral epithelial cells 
which originated from human buccal squamous carcinoma–
derived epithelial cells. The cells came from a trustworthy 
commercial source which kept them in Dulbecco’s Modified 
Eagle Medium (DMEM) containing 10% fetal bovine serum 
and 1% penicillin–streptomycin at 37 °C under 5% CO₂ in 
a humidified atmosphere. The research used cells between 
passages 5 and 15 because this specific range of passages 
preserved their consistent cellular properties.

Exposure protocol: The cells received proper seeding 
densities while researchers used specific monomer amounts for 
24–48 hours of acute testing and expanded to 7 days for low-
dose exposure. The control groups received the same cultural 
conditions as the treated groups but without any monomer 
exposure. The experiments were conducted three times for each 
condition to confirm results which would support statistical 
analysis. 

Cell viability assay: The MTT assay evaluated cell viability 
through its ability to measure mitochondrial metabolic activity 
which serves as a cell health indicator. The MTT reagent 
received addition followed by incubation before scientists 
measured absorbance at 570 nm. The following molecular tests 
received their sub-cytotoxic monomer concentrations based 
on relative viability measurements against untreated control 
samples.

Measurement of oxidative stress: The DCFH-DA fluorescent 
assay measured the amount of reactive oxygen species 
(ROS) that cells contained. The cells underwent monomer 
exposure followed by dye incubation for fluorescence intensity 
measurement through microplate readers or flow cytometry to 
detect monomer-induced oxidative stress. 

Genotoxicity assessment: The alkaline comet assay allowed 
scientists to detect DNA damage through their ability to 
measure single- and double-strand breaks in cells. The cells 
received agarose embedding before undergoing lysis and 
electrophoresis and staining procedures for fluorescence 

microscope examination. The image analysis software enabled 
researchers to measure tail length and tail moment values from 
the samples. 

Gene expression analysis: The qRT-PCR method evaluated 
BAX and BCL-2 and p53 and c-Myc and Cyclin D1 expression 
levels to determine their changes in apoptotic and stress-response 
and early oncogenic marker pathways. The researchers extracted 
total RNA from cells before performing reverse transcription 
to create cDNA for gene-specific primer amplification. The 2⁻
ΔΔCt method allowed researchers to measure gene expression 
levels against each other by normalizing to housekeeping genes.

Statistical analysis: Data Recorded as Means with standard 
deviations. Using one-way ANOVA to compare between 
groups. After that, Tukey’s test steps use to differ more closely. 
p-value under 0.05 - that that consider statically differences. 
Every statistical check ran through GraphPad Prism.
Results.

Cell viability: The oral epithelial cell viability decreased in a 
dose-dependent manner when cells were exposed to Bis-GMA 
and TEGDMA and UDMA and HEMA. The metabolic activity 
of cells decreased substantially at concentrations above 50 
µM when compared to control cells (p < 0.05). The metabolic 
activity of cells remained above 80% throughout experiments 
which tested concentrations between 5–25 µM. The researchers 
selected these sub-cytotoxic concentrations for molecular 
studies to monitor cellular responses before any signs of cell 
damage appeared.

Oxidative stress response: The four monomers triggered 
detectable increases in cellular ROS levels when exposed 
at non-toxic amounts. The two monomers Bis-GMA and 
TEGDMA caused the most significant rise in ROS levels which 
exceeded twice the control values (p < 0.01). The two monomers 
UDMA and HEMA caused substantial oxidative stress at low 
concentrations which reached statistical significance (p < 0.05). 
The research shows that cells show their first signs of oxidative 
stress when they encounter these monomers.

The graph shows the relative increase of intracellular ROS 
production in oral epithelial cells after adding 25 µM of Bis-
GMA, TEGDMA, UDMA and HEMA. The two monomers Bis-
GMA and TEGDMA generated the strongest oxidative stress 
effects by creating more than double the ROS levels of the 
control group. The two monomers UDMA and HEMA caused 
smaller increases in ROS levels. The standard deviation from 
three experimental runs appears in the error bars while statistical 
significance at p < 0.05 is marked.

Genotoxicity (Comet assay): The comet assay showed that 
cells treated with the four monomers developed higher levels 
of DNA strand breaks. The two monomers Bis-GMA and 
TEGDMA generated the most DNA damage through ROS 
production according to their high tail moment and tail length 
values (p < 0.01). The DNA damage from UDMA and HEMA 
exposure resulted in detectable increases but at lower levels 
than the control group. The genotoxic changes in DNA structure 
became apparent before any decline in cell survival rates.

The comet assay images demonstrate how Bis-GMA and 
TEGDMA and UDMA and HEMA exposure leads to increased 
DNA strand breaks in oral epithelial cells. The comet tail length 
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Table 1. Effect of dental resin monomers on oral epithelial cell viability (MTT Assay).
Monomer Concentration (µM) Cell Viability (% ± SD) p value
Bis-GMA 5 92 ± 3 NS
Bis-GMA 25 85 ± 4 <0.05
Bis-GMA 50 70 ± 5 <0.01
TEGDMA 5 90 ± 2 NS
TEGDMA 25 83 ± 3 <0.05
TEGDMA 50 68 ± 6 <0.01
UDMA 5 94 ± 3 NS
UDMA 25 88 ± 4 <0.05
HEMA 5 93 ± 2 NS
HEMA 25 87 ± 3 <0.05

Table 2. Induction of reactive oxygen species (ROS) by resin monomers.

Monomer Concentration (µM) ROS Fold Increase vs. Control 
(± SD) p value

Bis-GMA 25 2.5 ± 0.3 <0.01
TEGDMA 25 2.2 ± 0.2 <0.01
UDMA 25 1.5 ± 0.2 <0.05
HEMA 25 1.4 ± 0.1 <0.05

Table 3. DNA damage and gene expression changes after monomer exposure.
Monomer Comet Tail Moment (AU) BAX Expression BCL-2 Expression Oncogenic Marker
Bis-GMA 28.5 ± 2.1 ↑ 2.3-fold ↓ 1.8-fold ↑ c-Myc (1.5-fold)
TEGDMA 25.7 ± 1.9 ↑ 2.0-fold ↓ 1.6-fold ↑ Cyclin D1 (1.4-fold)
UDMA 15.2 ± 1.2 ↑ 1.5-fold ↓ 1.3-fold ↑ c-Myc (1.2-fold)
HEMA 12.8 ± 1.0 ↑ 1.4-fold ↓ 1.2-fold ↑ Cyclin D1 (1.1-fold)
↑ Upregulated; ↓ Downregulated 
AU = Arbitrary Units (image analysis)

Figure 1. Intracellular reactive oxygen species (ROS) levels after exposure to dental resin monomers.

Figure 2. DNA damage assessed by alkaline Comet assay following monomer exposure.
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and tail moment values reached their highest point when Bis-
GMA and TEGDMA were present because these chemicals 
showed greater genotoxic potential than UDMA and HEMA. 
The quantitative results from tail moment analysis match the 
data shown in Table 3.

Gene expression alterations: The quantitative RT-PCR 
analysis showed that resin monomers at sub-cytotoxic 
concentrations triggered cells to express particular genes 

which they use for stress response. The pro-apoptotic markers 
BAX and p53 showed increased expression while BCL-2 gene 
expression decreased which indicates that cellular stress and 
damage-response pathways became active. The expression 
levels of c-Myc and Cyclin D1 showed limited growth because 
they reached at most 1.5 times their original value. The 
exposure to Bis-GMA and TEGDMA substances caused the 
most significant changes which directly related to the extent 
of oxidative stress and DNA strand breaks that researcher 
measured in their parallel tests.

The mRNA expression levels of BAX and BCL-2 and p53 and 
c-Myc and Cyclin D1 genes in oral epithelial cells treated with 
resin monomers are shown relative to their control values. The 
combination of Bis-GMA and TEGDMA monomers resulted in 
higher BAX and p53 gene expression and c-Myc and Cyclin 
D1 gene expression but BCL-2 gene expression decreased. The 
UDMA and HEMA monomers caused only slight changes in 
expression because they generated minimal DNA damage and 
oxidative stress. The 2^-ΔΔCt method was used to determine 
the expression fold changes.

The Fold change values show the relative mRNA expression 
levels which are calculated by comparing them to control 
values. The cells show their stress response through changes 
which occur in their transcriptional patterns. not be interpreted 
as evidence of oncogenic transformation. 

Comparative effects among monomers: Bis-GMA and 
TEGDMA produced more significant molecular changes than 
UDMA and HEMA across all tested endpoints which included 
cell viability and oxidative stress and DNA damage and gene 
expression alterations. The biological response became more 
intense when researchers used higher doses and longer exposure 
periods which shows that both dose level and exposure duration 
must be studied for monomer safety evaluation.

A schematic representation shows the step-by-step biological 
responses which occur after exposure to resin monomers. The 
exposure process begins when monomers enter epithelial cells 
to produce ROS which causes DNA damage and oxidative stress 
and results in changed expression of oncogenic and apoptotic 
genes.
Discussion.

The research results show that Bis-GMA and TEGDMA and 
UDMA and HEMA dental resin monomers cause multiple 
early molecular changes in oral epithelial cells at exposure 
levels that do not cause cell death. The research shows cells can 
live without dying but their cellular structure becomes prone 
to instability. The research results show that small monomer 
residues from incomplete resin polymerization cause permanent 
biological changes when exposed for extended periods. The 
study shows that Bis-GMA and TEGDMA exposure leads to 
major ROS production which supports previous research about 
methacrylate-based monomers that disrupt redox homeostasis 
and cause oxidative stress in epithelial and fibroblast cells [8,9]. 

The observed elevations at sub-cytotoxic concentrations 
demonstrate how chemical interference affects oxidative 
pathways and confirms that ROS generation leads to molecular 
stress progression. The oxidative responses of UDMA and 
HEMA were less severe than the other monomers because of 

Figure 3. Relative mRNA expression changes of apoptosis- and stress-
associated genes following resin monomer exposure.

Figure 4. Proposed mechanistic cascade of resin monomer–induced 
cellular stress in oral epithelial cells.
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their different hydrophilic properties and molecular weights 
and membrane permeability characteristics [11,12]. The comet 
assay results show increased DNA damage which proves that 
oxidative stress causes genomic instability to develop. The DNA 
strand breaks which occurred after Bis-GMA and TEGDMA 
exposure followed previous research that demonstrated 
these monomers disrupt DNA repair enzymes while creating 
chromatin instability [13,14]. The appearance of genotoxic signs 
before cell viability decreases shows that oral epithelial cells 
can develop silent molecular damage which leads to progressive 
mutational accumulation during extended exposure.

The research findings about gene expression changes strengthen 
the evidence that oncogenic signals appear early in the process. 
The cellular response to stress damage occurs through apoptotic 
pathways because BAX and p53 levels increase while BCL-
2 expression decreases. The cells demonstrate abnormal cell 
proliferation because c-Myc and Cyclin D1 expression levels 
rise slightly when stressors continue to exist [15]. The previous 
toxicogenomic studies validate our findings because dental 
resin monomers activate particular gene expression patterns 
which influence apoptosis pathways and cell-cycle regulation 
and stress reaction mechanisms [6,7]. The evaluation of 
oxidative stress data with genotoxic effects and transcriptional 
changes shows a biological process which proves that monomer 
exposure creates ROS that causes oxidative stress and DNA 
damage and results in gene expression changes. The biological 
sequence of events follows the established pattern which shows 
cancer development through extended oxidative stress that leads 
to tissue damage of exposed areas including the oral epithelium 
[6]. The molecular changes from Bis-GMA and TEGDMA 
exposure were more pronounced than those from other tested 
materials yet all materials showed detectable changes which 
suggests potential risks from prolonged exposure to small 
amounts of these substances.

The study found that c-Myc and Cyclin D1 expression levels 
showed small increases but these changes did not reach the 
threshold which usually leads to permanent cancer development. 
The measured gene expression pattern matches better with 
the first cellular response to stress which occurs because of 
oxidative stress and DNA damage. Studies have demonstrated 
that epithelial cells which experience chemical stressors but 
do not develop cancer show identical small gene expression 
modifications which need precise evaluation of initial gene 
expression data obtained from laboratory experiments.

The results show that resin materials do not match current 
scientific knowledge about their compatibility with biological 
tissues. The current assessment methods monitor short-term 
inflammation and skin irritation responses but they do not 
detect the small changes that occur from prolonged exposure. 
The research indicates that patient safety depends on three 
essential factors which include proper polymerization and 
minimal unreacted monomers and formulations that produce 
low chemical leakage. The research supports current dental 
material evaluation frameworks which require molecular 
biocompatibility testing before assessing mechanical strength 
and visual appeal. The research contains specific restrictions 
which need to be recognized by scientists. The oral environment 

contains multiple factors which in vitro systems cannot duplicate 
because they lack the complete interaction between saliva and 
microbiota and immune responses and mechanical forces [16-
18]. The research studied a restricted set of genetic markers but it 
did not answer questions about how these findings would affect 
patients in the long run. Future research needs to assess dental 
material impacts through multiple gene expression analyses of 
extended exposure samples which should be validated using 
animal models to determine their impact on health outcomes.

The research develops a logical framework which demonstrates 
Bis-GMA and TEGDMA in dental resin monomers trigger right 
away biological responses through oxidative stress and genomic 
instability and gene expression modification. The research 
findings show that dental resin formulations and polymerization 
methods and extended exposure risks need evaluation 
because they support a complete biocompatibility assessment 
that includes molecular and genomic stability testing with 
conventional cytotoxicity tests. 

The research contains multiple methodological restrictions 
which need to be recognized. The research failed to establish 
the cellular entry process of resin monomers because the 
observed cellular responses could result from variations in cell 
membrane permeability and internal monomer concentrations 
instead of monomer toxicity. The research had two major 
limitations because it only measured transcript levels through 
gene expression analysis without confirming these results at the 
protein level which limited its ability to show actual pathway 
activation. The present system functions as an in vitro model 
but it fails to duplicate the complete oral microbial environment 
which includes saliva's ability to dilute substances and the 
body's immune system response and the extended period of 
contact between substances and tissues. The process of risk 
prediction for clinical applications needs verification through 
multiple studies which monitor patients over time and take 
place in real-life settings.
Conclusion.

The research shows that Bis-GMA and TEGDMA and UDMA 
and HEMA at levels below cytotoxicity trigger measurable 
oxidative stress and DNA damage in oral epithelial cells which 
also leads to rapid changes in genes that control cell death and 
cell growth. The research team discovered these molecular 
alterations when cell death levels stayed low because standard 
cell death assessment methods failed to identify the first 
biological transformations. The research findings show patterns 
which align with genotoxic stress but they do not establish 
cancer-causing potential so scientists need to perform additional 
studies to determine the lasting biological consequences.
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