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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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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].
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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% CO: 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
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microscope examination. The image analysis software enabled
researchers to measure tail length and tail moment values from
the samples.

Gene expression analysis: The gqRT-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~
AACt 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
pM when compared to control cells (p < 0.05). The metabolic
activity of cells remained above 80% throughout experiments
which tested concentrations between 5-25 uM. 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 uM 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



Table 1. Effect of dental resin monomers on oral epithelial cell viability (MTT Assay).

Monomer Concentration (uM) 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 (uM) E:OSSD;?OM Increase vs. Control p value

Bis-GMA 25 25+03 <0.01

TEGDMA 25 22402 <0.01

UDMA 25 1.5+0.2 <0.05

HEMA 25 14+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 1 2.3-fold | 1.8-fold 1 c-Myc (1.5-fold)
TEGDMA 257+1.9 1 2.0-fold | 1.6-fold 1 Cyclin D1 (1.4-fold)
UDMA 152+1.2 1 1.5-fold | 1.3-fold 1 c-Myc (1.2-fold)
HEMA 128+ 1.0 1 1.4-fold | 1.2-fold 1 Cyclin D1 (1.1-fold)

1 Upregulated; | Downregulated
AU = Arbitrary Units (image analysis)

ROS Increase After Monomer Exposure
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Figure 1. Intracellular reactive oxygen species (ROS) levels after exposure to dental resin monomers.
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Figure 2. DNA damage assessed by alkaline Comet assay following monomer exposure.
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Figure 3. Relative mRNA expression changes of apoptosis- and stress-
associated genes following resin monomer exposure.
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Figure 4. Proposed mechanistic cascade of resin monomer—induced
cellular stress in oral epithelial cells.

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
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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*-AACt 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



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.

Theresearch 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
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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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