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Abstract

The widespread use of industrial chemicals has raised concerns about their potential to damage deoxyribonucleic acid (DNA), a
process linked to cancer and other serious diseases. To explore this risk, we examined the genotoxic and cytotoxic effects of
ethyl methane sulfonate (EMS), a known mutagen, in mice using the comet assay. Saline and corn oil served as vehicle controls.
Body weight (BW) measurements showed no major differences between controls and treated groups over two days, although
higher EMS doses were associated with slight reductions and greater variability, suggesting systemic stress. In contrast, DNA
damage was strikingly dose-dependent. Duodenum, stomach, and liver tissues all showed significant increases in DNA strand
breaks after EMS exposure, with duodenal cells in females appearing particularly sensitive. Cell viability declined progressively
with increasing EMS doses across all tissues, while ghost cell frequency, a marker of cytotoxicity, rose in parallel. Importantly,
vehicle controls remained stable, confirming that observed effects were due to EMS rather than solvents. Together, these findings
demonstrate that EMS induces clear, dose-dependent DNA damage and cell stress in gastrointestinal and hepatic tissues. The
comet assay proved to be a sensitive and reliable tool for detecting such genotoxic effects, reinforcing its value in toxicity testing.
By highlighting tissue-specific and sex-related responses, this study underscores the importance of considering biological
variability when assessing chemical hazards.
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1. Introduction

The extraordinary growth in the chemical industry during
the second half of the twentieth century has led to the emer-
gence of thousands of new products in nature every year,
many of which have significant genetic-level effects. There-
fore, it's important to identify substances that might harm or
alter human deoxyribonucleic acid (DNA). To meet this de-
mand, the potential genetic hazards to human somatic and
germ cells arising from chemical exposure are assessed using
a genetic toxicity test recognised globally by regulatory bodies

[1,2].

This test may identify a wide range of genotoxic effects in
vitro and in vivo, including chromosomal abnormalities, point
mutations, and genetic harm caused by various causes [3]. In
addition to DNA damage, genotoxic chemicals and ionizing
radiation can cause a variety of undesirable reactions in mam-
malian cells, including lipid and protein degradation. Several
disorders, such as Huntington's, Parkinson's, Alzheimer's, and
acquired immune deficiency syndrome, have genetic

"Correspondence; Samit Kadam (samit.b@vipragen.com)

Received: 26 June 2026; Accepted: 11 July 2026; Published: 28 July 2026

® Copyright: © The Author(s), 2026. Published by Science Publishing Group. This is an Open Access article, distributed
@ under the terms of the Creative Commons Attribution 4.0 License (http://creativecommons.org/licenses/by/4.0/), which

permits unrestricted use, distribution and reproduction in any medium, provided the original work is properly cited.



http://www.sciencepg.com/journal/ijgg
http://www.sciencepg.com/journal/116/archive/1161403
http://www.sciencepg.com/
https://orcid.org/0000-0002-0664-1015
http://www.sciencepg.com

International Journal of Genetics and Genomics

http://www.sciencepg.com/journal/ijgg

mutations, cancer development, and progression linked to
DNA damage [4]. Another cause of DNA damage involves
ionizing radiation, which is likewise often employed in clini-
cal settings to treat tumors [5]. In this sense, having reliable
techniques or tests to evaluate DNA strand breaks caused by
chemical agents by identifying the resulting damage to DNA
within cells is essential. This involves measuring DNA dam-
age through single-cell gel electrophoresis (comet assay, such
as alkaline and neutral), identifying micronuclei in cells with
the micronucleus assay, measuring fragmented DNA using ca-
pillary or gel electrophoresis, and assessing a variety of oxi-
datively modified DNA molecules using gas chromatography-
mass spectrometry (GC-MS) and liquid chromatography-
mass spectrometry (LC-MS).

The comet assay has garnered significant attention lately
because it can detect a wide range of DNA damage, requires
only a tiny number of cells for analysis, and can evaluate dam-
age in nondividing cells, allowing the assessment of DNA
damage in almost any tissue. Quantifying breaks in the DNA
chains of plants and animals provides a straightforward
method of assessing the harm inflicted by mutagenic and car-
cinogenic agents. [6]. Because of these features, the Comet
assay can be easily incorporated into conventional rodent tox-
icity testing.

Alkaline (pH > 13) comet assays detect DNA damage, in-
cluding apurinic sites, alkali-labile covalently bound DNA ad-
ducts, DNA strand breaks, and a variety of other DNA altera-
tions caused by reactive oxygen/lipid peroxidation species [7,
8]. Neutral comet assays are another type.

Because the alkaline version may detect both single and
double-strand breaks. The benefit of an in vivo comet test is
that it may be used to evaluate genotoxicity in a range of or-
gans. The comet assay is a common technique for detecting
genotoxicity both in vitro and in vivo. In vivo comet tests are
often conducted in the stomach and liver. This is especially
true since the stomach is the initial point of entry following
oral exposure [9], and the liver is the primary organ involved
in the metabolic activation of chemicals, as well as one of the
usual organs selected for carcinogenicity [10].

To achieve this, we've employed the comet test to compare
two dosages of ethyl methane sulfonate (EMS) with 0.9% sa-
line and corn oil. By substituting nucleotides in DNA, EMS is
a possibly cancer-causing substance that results in point mu-
tations. EMS's ethyl group forms O6-ethylguanine via alkyla-
tion of guanine bases. DNA polymerases subsequently replace
the cytosine opposite the O6-ethylguanine with thymine. This
causes the initial G: C base pair to change into an A: T muta-
tion while replication [11].

In recent years, the comet test has been used for a variety of
species, situations, and genotoxicology evaluation methods.
Therefore, the main goal of this research is to critically ana-
lyze the comet assay findings utilizing EMS in comparison to
0.9% saline and corn oil in the framework of genotoxicology.
We assessed and interpreted the data, including the percentage
of tail DNA (tail intensity) of duodenum, stomach, and liver
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tissue cells, which was based on the intensity of the DNA frag-
ment in the tail. We also analyzed the body weight (BW) find-
ings for both male and female mice on days 1 and 2, as well
as the average percentage of viability and ghost cells for each

group.

2. Materials and Methods

2.1. Chemicals

Chemicals were purchased from the following suppliers:
Ethyl Methane Sulfonate (EMS) (CAS #62-50-0) from Tokyo
Chemical Industry Co. Ltd., Japan, which was dissolved in
physiological 0.9% Saline (Batch #A3753246) and Corn Oil
(CAS #8001-30-7), was ordered from Abaris Healthcare Pvt.
Ltd., Delhi, India, and ANJ Biomedicals, Bordentown, NJ,
USA. Low-melting agarose (CAS #9012-36-6) and Triton X-
100 (CAS #9002-93-1) from SRL Pvt. Ltd., Mumbai, India,
and dimethyl sulfoxide (DMSO) (CAS #67-68-5) were pur-
chased from Himedia Laboratories, Maharashtra, India. Dul-
becco's phosphate-buffered saline (DPBS) (LOT #3144480)
and Hanks balanced salt mixture (HBSS) (LOT #2639071)
from Gibco™, Thermo Fisher Scientific, India, and Fetal bo-
vine serum (FBS) were purchased from MP Biomedicals, In-
dia. Ethylene diamine tetra-acetic acid (EDTA) (6381-92-6)
from SRL Pvt. Ltd, Mumbai, India; Tris base (CAS #77-86-1)
from TM Media, Delhi, India; and SYBR Green (LOT
#0000667963) were purchased from Himedia Laboratories,
Maharashtra, India.

2.2. Animals

Specific pathogen-free Swiss albino male and female mice
(All females will be nulliparous and non-pregnant), approxi-
mately 6-10 weeks of age, were purchased from Spring Labs,
Vasantha Narasapura, Industrial Area, Tumakuru, Karnataka,
India.

This study was performed at Vipragen Biosciences Private
Limited, a CCSEA-approved facility under the registration
number 1683/PO/RcBiBt/S/13/CPCSEA, following all ethical
practices as laid down in the guideline/s for animal care and
accredited by AAALAC International, USA (Refer NRC
Guide 2011 and Annexure 1). This study has been approved
(VIP-IAEC-476-2024) by the Institutional Animals Ethics
Committee (IAEC) of the test facility.

2.3. Animal Housing, Bedding and Feeding
Conditions

Animals were acclimatized for 10 days under laboratory
conditions (temperature, air changes per hour and humidity)
and were observed for clinical signs daily, and weighed during
the randomization, before the dose administration, and before
necropsy. Animals of the same sex and group were housed
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with artificial vegetative form in a maximum of five animals
per cage in standard polycarbonate cages (L290 x W220 x
H140mm). Autoclaved corncob (Rowan Agro Nature Private
Limited - Lot No. 17) was used as bedding material and
changed along the cage at the time of permanent individual
animal number marking.

The cages were fitted with stainless steel mesh top grills
with facilities for holding pelleted food (Purina Lab Diet 5SL79
Rat and Mouse 18%-, Hylasco Biotechnology Pvt. Ltd, India)
and drinking water in polycarbonate bottles with stainless
steel sipper tubes. Reverse osmosis water was provided ad
libitum via water bottles throughout the experiment period.
Animals were fed with the rodent feed (Purina Lab Diet SL79
Rat and Mouse 18%-Hylasco Biotechnology (India) Pvt. Ltd.,
Batch No.: 08AUG20241. Feed was analyzed for proximate,
contaminant, and microbial analysis.

2.4. Environmental Conditions

Animals were housed under controlled environmental con-
ditions in a room with an adequate fresh air supply (12.8 air
changes per hour), room temperature 21.3 - 22.8 °C, relative

humidity 53 - 60% and a lighting cycle of 12 hrs light and dark.

The animal husbandry conditions, such as temperature and
relative humidity, were recorded once a day, in the morning.
The maximum and minimum temperatures and relative hu-
midity were also recorded.

3. Experimental Design

3.1. Randomization, Animal Grouping, and
Allocation

In the main study, animals were allocated to groups manu-
ally. A total of 40 healthy mice were grouped and allocated to
their respective treatment groups using a BW-based stratified
randomization using MS Excel spreadsheets. It was ensured
that the mean BW of each group before the start of the treat-
ment did not exceed + 20% of the mean BW in each sex.

3.2. Dose Formulations

The doses selected for the main study were 100 and 200
mg/kg bw in male and female animals. EMS was formulated
as soluble in 0.9% Saline. The dose formulations were pre-
pared shortly before each dosing. In this study, the quantities
of EMS 120.05 mg and 120.07 mg were weighed in a labelled
container on days 1 and 2, respectively, and covered with alu-
minium foil until formulation preparation. EMS was mixed
with the vehicle. Then the formulation was transferred to a
measuring cylinder and made up to the required volume by the
addition of vehicle. The concentrations of 10.00 and 20.00
mg/mL were prepared for the main study.
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3.3. Animal Treatment

The dose volume was 10 mL/kg bw/day for all treated ani-
mal groups. The volume of formulation administered was ad-
justed based on the recent BW of individual mice. Preferably,
two-day dosing using vehicle and EMS was performed at 24-
hour intervals and administered at 24-hour intervals. EMS for-
mulations and control vehicles (0.9% Saline and Corn oil)
were administered through the oral route by gavage. The oral
route was selected as it is the intended route of administration
in humans. Animal feed was removed 1 hour before dosing
and provided after half an hour of the dosing. Once daily for
two days, animals were euthanized by carbon dioxide inhala-
tion at 3 hr after the final administration, followed by ab-
dominal exsanguination, and the duodenum, stomach and
liver were removed according to the /n-vivo Mammalian Al-
kaline Comet Assay test guideline (OECD, 2016).

3.4. Comet Assay Method

Animals were euthanized, consistent with effective animal
welfare legislation, at the appropriate time(s) after the last
treatment with EMS. Following exsanguination, samples of
the duodenum, glandular stomach and liver were collected for
analysis and processed as follows. For liver, a portion of the
left lateral lobe of the liver was removed and washed in the
cold mincing buffer until as much blood as possible is re-
moved; thereafter tissue was placed in 3mL mincing buffer
(ice-cold Hank’s Balanced Salt Solution (HBSS) containing
20 mM EDTA and 10% DMSO) and minced with a pair of
fine scissors to release the cells.

The entire stomach was removed, cut open, and washed to
free from food materials using cold mincing buffer (ice-cold
Hank’s Balanced Salt Solution containing 20 mM EDTA and
10% DMSO). The fore-stomach was removed, and the re-
maining part was discarded. The glandular stomach was then
placed into ~3mL of cold mincing buffer and incubated on ice.
After the incubation, the surface epithelia were gently scraped
about two times using a scalpel blade. This layer was dis-
carded, and the gastric mucosa was rinsed with cold mincing
buffer. Thereafter, the stomach epithelium was carefully
scraped 4-5 times with a scalpel blade or minced with scissors
to get single cells.

The duodenum was removed, cut open, and rinsed out using
cold mincing buffer (ice-cold Hank’s Balanced Salt Solution
containing 20 mM EDTA and 10% DMSO). Thereafter, the
duodenum was placed into cold mincing buffer and incubated
on ice. After incubation, the surface epithelia were gently
scraped using forceps or minced with scissors to get single
cells.

The duodenum, stomach, and liver cell suspensions were
strained into pre-labeled conical polypropylene tubes through
a cell strainer and were kept on ice during the preparation of
the comet slides.
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3.5. Comet Assay Slide Preparation

For analysis of fresh tissues, the samples were kept on wet
ice until slide preparation (slides were made within 1 hr after
single cell preparation). The samples were partially thawed at
room temperature and then placed on ice until slide prepara-
tion. Contents of the tubes were mixed gently by inversion,
and then placed upright on ice for 15-30 seconds to allow large
cell clumps to settle; the supernatant was used to prepare
comet slides. Fully frosted microscope slides were coated with
a volume of 200 pL containing a layer of 1% normal melting
agarose (NMA) and left on the ice for solidification. Subse-
quently, 20 uL of tissue cells were mixed with 100 uL of 0.5%
low-melting agarose (LMA), and this suspension was pipetted
onto the pre-coated (1% NMA) layer of the slides and covered
with a cover slip. The preparation was kept for solidification
for 5 min in the absence of light, and after solidification of the
suspension, the cover slip was removed.

Slides with cells embedded in LMA were submerged in a
chilled alkaline (~4°C) lysis solution (2.5 M NaCl, 100 mM
Na,EDTA, 10 mM Tris-base pH 10, 1% Triton X-100, 10%
DMSO) at pH 10 and maintained at about 2-8°C temperature
overnight in the refrigerator. Further, the slides were placed in
an alkaline electrophoresis buffer of pH >13 (1 mM Na,EDTA
/300 mM NaOH) for 15-20 minutes to induce unwinding of
DNA strands. Electrophoresis was performed at a constant
voltage of about 20-30 Volt/cm and an electric current of
about 250-300 mA for 20 = 5 min in chilled electrophoresis
buffer or at ~ 2-8°C temperature in the refrigerator. Following
electrophoresis, the samples were neutralized by incubation of
slides in the 0.4 M Tris, pH 7.4, for 5 min at room temperature
and allowed to air-dry. Slides were stored at room temperature
in a desiccator at a relative humidity of 60% until stained and
scored.

Body Weight (Male)
% - :i: | T o ® VC 0.9% Saline
I - L4 VC Corn Qil 0 mg/kg
C) EMS 100 mg/kg
f’ 20 EMS 200 mg/kg
[
=
>
3
a 104
0

T T
Day 1 Day 2

Days

Body Weight (g)

3.6. Staining and Visualization

DNA was stained by using 20-30 nL. SYBR green (2 pg/mL
working solution, from Img/mL stock) fluorescent dye on the
agarose, which is then covered with a cover slip and incubated
for 5 min in the dark. From the time of placing the suspended
cells on the slides through the electrophoresis, the cells were
protected from additional DNA damage resulting from direct
exposure to visible light by performing all steps in the absence
of light. The DNA damage was visualized by observing the
cells under 10x/20x objective magnification of a fluorescent
microscope equipped with an excitation filter of 510-560 nm
and an emission filter of 590 nm. A total of 150 cells was rec-
orded for each sample (2-4 slides, 150 cells from total pre-
pared slides).

3.7. Statistical Analysis

Statistical analysis was performed on the data of the mean%
tail DNA GraphPad Prism (version 10.6.1). Descriptive statis-
tics were calculated for each observation. For comparisons be-
tween the vehicle control and EMS groups, Statistical anal-
yses were performed with GraphPad Prism (version 10.6.1).
Two-Way ANOVA, Tukey's multiple comparison test was
used to determine the data.

4. Result

4.1. BW Analysis

Male and female mice BW over time under various treat-
ment circumstances are compared in the Figure 1. Using a
two-way ANOVA with Tukey's multiple comparison test, the
objective is to determine if administering 0.9% saline, corn oil
0 mg/kg, EMS 100 mg/kg BW, and EMS 200 mg/kg BW re-
sulted in detectable changes in BW and whether these out-
comes vary by sex and time point.

Body Weight (Female)
20 ® VC0.9% Saline
$e e ﬁ% i) . VC Corn Oil 0 mg/kg
e & ! 3 EMS 100 mg/kg
20+ EMS 200 mg/kg
104
0 T T
Day 1 Day 2

Days

Figure 1. Body Weight Assessment in Male and Female Mice Treated with Vehicle Control (0.9% Saline and Corn Oil) and EMS (100 and
200 mg/kg) Over Two Consecutive Days: Individual and mean body weights were recorded for male and female groups receiving VC (0.9%
saline), VC (corn oil, 0 mg/kg), and EMS at 100 or 200 mg/kg on Days 1 and 2. In both sexes, body weights were comparable between treatment
and control groups at all time points. No statistically or biologically significant alterations were noted following EMS administration.
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On day 1, the BW values of male mice were similar in all
treatment groups. On day 2, there were no noticeable, signifi-
cant differences in BW between the vehicle control, or EMS-
induced groups in comparison to baseline, illustrated in Table
1. There was overlap across treatment conditions, and the dis-
tribution of individual measures showed comparable BW pro-
files across dosages. On day 1, female individuals showed
similar distributions of BW in all groups. There were no

noticeable changes in BW between day 1 and day 2 measure-
ments. Although there was individual variation within each
group, the general trend held for both vehicle and EMS-in-
duced animals. While BW distributions varied between males
and females at both time periods, as would be predicted given
sex-related variances, BW seemed to be similar within each
sex at both treatment conditions and time points.

Table 1. Summary of BW Measurements in Male and Female Mice Across Control and EMS Treatment Groups.

Group Sex
Male
G1-VC 0.9% Saline (0 mg/kg BW)
Female
Male
G2 Corn Oil (0 mg/kg BW)
Female
Male
G3 EMS (100 mg/kg BW)
Female
Male
G4 EMS (200 mg/kg BW)
Female

When combined, the closely clustered body-weight meas-
urements of the control groups showed typical development
trends and physiological consistency. The body-weight distri-
butions of low-dose groups are similar to those of controls. On
the other hand, both the low- and high-dose groups exhibited
a decrease in mean BW in comparison to controls, along with
a wider range of individual values. A dose-related change in

4.2. Effect of % Tail DNA

4.2.1. Duodenum Cells

Duodenum Tissue Cells

EEE RS

* kK
VG 0 9% Saline
R VC Com Ol Omg/kg
e

LR *

[_l

40

EMS 100 mg/kg
EMS 200 mglkg

30+

% Tail DNA

T
Male
Sex

Average BW (gm)
No. of mice

Day 1 Day 2
05 30.06 30.36
05 26.58 26.62
05 29.938 30.684
05 26.41 26.168
05 30.38 30.096
05 26.814 26.964
05 30.278 29.53
05 26.954 26.00
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BW increase is indicated by this pattern, which might be the
result of systemic toxicity, decreased food intake, metabolic
disturbance, or overall stress brought on by increasing expo-
sure levels. Reduced mean BW and increased variability indi-
cate a definite treatment-related detrimental impact, with the
most noticeable effects seen in the highest dosage groups.

Duodenum Tissue Cells
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—— = VC 0 9% Saline
K koK == VG Comn Ol Omg/kg
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Figure 2. Ethyl Methanesulfonate (EMS)-Induced DNA Damage in Duodenum, Stomach, and Liver Cells of Male and Female Mice Assessed
by% Tail DNA: % tail DNA was quantified in duodenal, stomach, and liver cells collected from male and female mice treated with vehicle
controls (0.9% saline and corn oil) or EMS at 100 and 200 mg/kg. Data are presented as mean + SD, and statistical comparisons are indicated
(*p < 0.05; ****p < 0.0001). In both sexes, EMS administration resulted in a marked and statistically significant increase in DNA damage
across all examined tissues compared with vehicle controls. A clear dose-dependent elevation in% tail DNA was observed, with the 200 mg/kg

group consistently showing the highest level of genotoxicity.

DNA damage in duodenal cells was measured using the al-
kaline Comet assay, and the results were exhibited as mean +
SEM for typical comet features (e.g.,% tail DNA), shown in
Table 2. Using two-way ANOVA and Tukey's multiple com-
parison tests, the main consequences of sex (male and female)
and dosage (0.9% saline 0 mg/kg, corn oil 0 mg/kg, EMS 100

mg/kg BW, and EMS 200 mg/kg BW) were statistically eval-
uated in Figure 2. A two-way ANOVA revealed that the EMS
dose significantly affected all DNA damage (***p < 0.001),
indicating that the incidence of DNA damage in duodenal
cells is dose dependent.

Table 2. DNA Damage (% Tail DNA) in Duodenum, Stomach, and Liver Cells of Male and Female Mice Following EMS Exposure.

Duodenum Tissue Cells

Average cells

Stomach Tissue Cells Liver Tissue Cells

Group Sex Mean Mean Mean
counted
% Tail DNA % Tail DNA % Tail DNA

Male 150 4.75+£2.50 4.77 £2.68 4.75+£2.50
VC 0.9% Saline 0 mg/kg

Female 150 5.31+3.05 5.01+2.95 5.31£3.05

Male 150 5.54 £3.08 5.54+3.12 5.54 £3.08
VC Corn Oil 0 mg/kg

Female 150 5.25+2.87 5.11 +£3.01 525+2.87

Male 150 2333 +£11.89 2426 £10.88 2333+11.89
EMS 100 mg/kg

Female 150 23.44 £ 12.05 24.08 £11.59 23.44 +£12.05

104


http://www.sciencepg.com/journal/ijgg

International Journal of Genetics and Genomics

http://www.sciencepg.com/journal/ijgg

Duodenum Tissue Cells

Average cells

Stomach Tissue Cells Liver Tissue Cells

Group Sex counted Mean Mean Mean
% Tail DNA % Tail DNA % Tail DNA
Male 150 29.11 +14.20 28.52 +14.77 29.11 +14.20
EMS 200 mg/kg
Female 150 28.81 + 14.81 29.73 + 14.55 28.81 £ 14.81

According to Tukey's analysis, EMS exposure at 100 mg/kg
BW significantly increased DNA damage when compared to
both control groups (*p < 0.05). At 200 mg/kg BW, however,
EMS generated a very significant elevation (***p <0.001) in
comet values, which indicated substantial breakage in DNA
strands.

Across matching EMS-induced groups, female duodenal
cells showed greater amounts of DNA damage than males, in-
dicating a significant main impact of sex (*p <0.05). At the
highest EMS dose (200 mg/kg BW), Tukey's comparisons re-
vealed that these sex-based differences were most noticeable,
with females exhibiting very high statistical significance
(***p <0.001) in comparison to males, while no significant
differences were found between the male and female groups
in the saline and corn oil controls (p >0.05).

In conclusion, the Comet test results shown that EMS
causes dose-dependent DNA damage in duodenal cells, with
females showing higher sensitivity. This emphasizes the sig-
nificance of taking sex into account as a biological variable
when evaluating genotoxicity.

4.2.2. Stomach Cells

The comet assay was used to assess the degree of DNA
damage in stomach cells in male and female mice subjected to
various vehicle groups, such as 0.9% saline, 0 mg/kg, corn oil
0 mg/kg, and EMS-treated groups (100 and 200 mg/kg BW).
Tukey's multiple comparison tests were then performed (Fig-
ure 2 and Table 2).

There was very little DNA damage in mice treated with 0.9%
saline and corn oil in both sexes. There was no statistically sig-
nificant difference between these two control groups (p >0.05),
demonstrating the lack of solvent-related genotoxic effects and
validating their use as vehicle controls. Male and female stom-
ach cells exposed to 100 mg/kg BW of EMS showed a statisti-
cally significant increase in DNA damage (p <0.05) when com-
pared to both control groups. This rise reveals the genotoxic po-
tential of EMS at this dosage and validates the comet assay's
sensitivity in identifying breaks in DNA strands.

When comparing stomach cells of both sexes to vehicle con-
trols and the EMS 100 mg/kg BW group, a substantial increase
in DNA damage was seen at the higher dosage, EMS 200 mg/kg
BW (p < 0.01 and p < 0.001). This result suggests that DNA
damage increases with increasing EMS concentration. Female

105

mice at similar EMS dosages had a somewhat greater mean
DNA damage response than male mice when comparing sex-
based differences; however, this difference was not statistically
significant (p >0.05). This implies that, despite possible small
differences, sex had no discernible impact on the EMS-induced
genotoxicity in stomach cells during the trial.

Overall, the statistical analysis showed that EMS causes
substantial, dose-dependent DNA damage to stomach cells,
but that treatments with saline and corn oil were not associated
with any genotoxic consequences. The lack of discernible sex-
related variations suggested that the genotoxic reaction in
male and female animals is similar.

4.2.3. Liver Cells

DNA damage clearly increased after EMS exposure in both
male and female mice, according to statistical evaluation of
DNA damage in liver cells. There were no statistically signif-
icant differences between the two control groups (p >0.05) in
the baseline levels of DNA damage seen in 0.9% saline and
corn oil, suggesting that there were no genotoxic effects,
shown in Figure 2 and Table 2.

On the other hand, in both males and females, treatment with
EMS at 100 mg/kg BW led to a substantial increase in DNA
damage when compared to both vehicle control groups (*p
<0.05). This rise implies that at this dosage, detectable DNA
strand breaks are induced in liver cells. When compared to con-
trols and the EMS 100 mg/kg BW group, a statistically signifi-
cant rise in DNA damage was seen at the higher EMS dose (200
mg/kg BW) (***p <0.001), indicating a strong dose-response
connection. Male and female rats showed comparable patterns
in every treatment group when sexes were compared. However,
in contrast to male liver cells, female liver cells displayed a
somewhat greater increase in DNA damage parameters at both
EMS dosages. The statistical comparison between the sexes
within the same dose group showed that the sex-related varia-
tion was either not significant or only slightly significant, even
though this difference was clearly descriptive. This suggests
that EMS-induced genotoxicity in liver cells is primarily dose-
dependent rather than sex-dependent.

In summary, the statistical results demonstrate that EMS
significantly and dose-dependently causes genotoxic effects in
liver cells. While the same responses from male and female
mice suggest that both sexes are equally vulnerable to EMS-
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induced DNA damage under the study's settings, the lack of
significant differences between saline and vehicle controls
confirms the experimental setup.

4.3. Effect Of% Viability

4.3.1. Duodenum Tissue Cells

The comet test analysis of duodenal tissue cells revealed

Liver Tissue Cells

Duodenum Tissue Cells -

consistent patterns in both the male and female groups, as well
as a significant dose-dependent decrease in the percentage of
cell viability after EMS exposure (Table 3). Using two-way
ANOVA and post-hoc multiple comparison tests, statistical
comparisons were performed between the EMS-treated
groups and the vehicle controls (0.9% saline and corn oil), as
well as across dosages within each sex. P-values were used to
interpret significance (*p < 0.05), as mentioned in Figure 3.
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Figure 3. Effect of Ethyl Methanesulfonate (EMS) on Cell Viability in Duodenum, Liver, and Stomach Tissues of Male and Female Mice: %
Cell viability was evaluated in duodenal, hepatic, and gastric tissues collected from male and female mice following treatment with vehicle
controls (0.9% saline and corn oil) or EMS at doses of 100 and 200 mg/kg. Data are presented as mean £ SD. Compared with vehicle controls,
EMS exposure resulted in a statistically significant reduction in cell viability across all examined tissues. The decrease was more pronounced

at 200 mg/kg, demonstrating a dose-related effect. Comparable responses were observed in both male and female animals, suggesting minimal

sex-related differences in EMS-induced cytotoxicity.

Table 3. Comparative analysis of relative cell viability in duodenum, glandular stomach, and liver tissues of male and female groups exposed

to VC, corn oil, and EMS.

Duodenum G. Stomach Liver
Group Sex Average% Relative viability Average% Relative viability Average% Relative viability
viability per compared to ve-  viability per compared to ve-  viability per compared to ve-
group hicle control group hicle control group hicle control
G1-VC 0.9% Male 91.73 0.00 93.58 0.00 94.52 0.00
Saline (0 Fe-
mg/kg BW) male 90.83 0.00 93.01 0.00 94.21 0.00
Male  89.65 0.98 92.20 0.99 93.58 0.99
G2 Corn Oil (0
mg/kg BW) e 8943 0.98 92.15 0.99 93.30 0.99
male
Male 84.02 0.92 84.71 0.91 85.61 0.91
G3 EMS (100
mg/kg BW) Feo 8366 0.92 84.47 0.91 85.28 0.91
male
Male 80.40 0.88 81.48 0.87 82.73 0.88
G4 EMS (200
Fe-
mg/kg BW) © 79.76 0.88 80.15 0.86 82.15 0.87
male

The highest levels of cell survival were viewed in the male
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duodenal cells of mice given 0.9% saline and corn oil (0
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mg/kg), which may indicate that there was no cytotoxicity or
genotoxic stress associated with the vehicle. When compared
to the vehicle controls, the exposure to EMS at a dose of 100
mg/kg BW resulted in a significant decrease in cell viability
(**p<0.01), suggesting the possible production of DNA dam-
age and a loss in cellular integrity. An even more notable de-
crease was seen at the 200 mg/kg BW EMS dosage, which
was highly significant when compared to the 100 mg/kg group
and the vehicle controls (****p < 0.0001), showing a strong
dose-responsive genotoxic impact of EMS in male duodenal
cells.

A similar pattern appeared in the female duodenum's cells.
Cell viability in the 0.9% saline and corn oil groups did not
change, indicating that the vehicles did not have any sex-spe-
cific effects. Cell viability significantly decreased after treat-
ment with EMS at a dose of 100 mg/kg BW in comparison to
the control group (*p < 0.05), whereas exposure to EMS at a
dose of 200 mg/kg BW resulted in a considerable and very
noticeable decrease (***p < 0.001). A clear dose-response
connection in the female duodenal cells is highlighted by the
progressive decline in viability with higher EMS dosages.

Males and females both showed comparable baseline via-
bility under control settings in the framework of sex-related
comparisons, indicating that there was no intrinsic difference
in duodenal cell viability between the sexes. The general re-
action pattern was the same for both sexes, although when ex-
posed to EMS, females displayed a stronger sensitivity at the
higher dosage. While the effects of EMS were significant in
both sexes, there was no statistically significant interaction be-
tween sex and treatment at control levels. In conclusion, the
statistical findings (shown by *, ** *** and **** which
stand for p <0.05,p <0.01, p<0.001, and p <0.0001, respec-
tively) confirm that EMS has notable, dose-dependent cyto-
toxic and genotoxic effects on duodenal tissue cells, irrespec-
tive of sex. These findings support the comet assay as a relia-
ble technique for detecting DNA damage-related reductions in
cell viability within gastrointestinal tissues and highlight the
duodenum's susceptibility to alkylating chemicals like EMS.

4.3.2. Liver Tissue Cells

The lack of any vehicle-related toxicity was confirmed by
the elevated levels and comparable percentage of cell viability
in male liver cells from the vehicle control groups (0.9% sa-
line and corn oil, 0 mg/kg), illustrated in Figure 3 and Table 3.
No difference in significance was seen between them (p >
0.05). Cell viability significantly decreased after exposure to
EMS at a dose of 100 mg/kg BW in comparison to both vehi-
cle controls (**p < 0.01 to ***p < 0.001), indicating the start
of the destruction of DNA and a deterioration in cellular in-
tegrity. A more considerable reduction was seen at EMS 200
mg/kg BW, where the percentage viability was significantly
lower than that of EMS 100 mg/kg and both control groups
(***p < 0.001 to ****p < 0.0001). This finding supports a
strong dose-response connection in the liver tissue of males.

Similarly, as compared to EMS-treated groups, female liver
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cells showed that both vehicle controls maintained a far
greater proportion of cell viability, with no discernible differ-
ence between saline and corn oil (p > 0.05). When contrasted
to the controls, the viability decreased statistically signifi-
cantly when EMS was administered at 100 mg/kg BW (**p <
0.01 - ***p <0.001), while the percentage of cell viability de-
creased significantly and significantly when EMS was admin-
istered at 200 mg/kg BW (****p < 0.0001). A clear dose-de-
pendent toxic impact was confirmed by the statistical signifi-
cance of the gradual decline from EMS 100 to 200 mg/kg.

Both male and female liver cells showed comparable re-
sponse patterns when sexes were compared, and neither the
magnitude of EMS-induced decrease nor baseline viability
showed any discernible sex-specific variations (p > 0.05 for
sex interaction). This suggests that, under the examined con-
ditions, the genotoxic effects of EMS in liver tissue are mostly
sex-independent. In the conclusion, the statistical results and
p-value distributions clearly showed that EMS exposure sig-
nificantly reduced liver cell viability and DNA integrity in a
dose-dependent way, as shown by the comet test, but vehicle
treatments didn't trigger genotoxicity.

4.3.3. Stomach Tissue Cell

From a statistical standpoint, the impact of EMS exposure
on stomach tissue cell viability was thoroughly assessed, tak-
ing into account treatment dose (0.9% saline, corn oil vehicle
control, EMS 100 mg/kg BW, and EMS 200 mg/kg BW) as
well as sex (male and female). Two-way ANOVA was used
to analyze the data, and the findings were expressed as mean
+ SEM after pertinent post-hoc multiple comparison tests. At
*p < 0.05, statistical significance was established (Figure 3
and Table 3).

Both vehicle control groups, 0.9% saline and corn oil,
showed good and similar cell viability inside the male stom-
ach tissue cells; no statistically significant variation was ob-
served between them (p > 0.05). This outcome confirms that
the vehicles did not cause any cytotoxicity. On the other hand,
EMS exposure resulted in a decrease in cell viability that var-
ied according to the dosage. Thus, compared to both saline and
corn oil controls, administration of EMS at 100 mg/kg BW
significantly lowered cell viability (***p < 0.001). The EMS
200 mg/kg BW therapy caused a further and more noticeable
drop, which was substantially reduced compared to the EMS
100 mg/kg BW treatment (***p < 0.001) and extremely sig-
nificant when compared to the controls (****p < 0.0001).

Similarly, the control groups failed to demonstrate any sig-
nificant differences between the saline and corn oil in the set-
ting of female stomach tissue cells (p > 0.05). A statistically
significant decrease in cell viability was observed when EMS
exposure at 100 mg/kg BW was compared to both vehicle con-
trols (***p < 0.001). Even more significant decline was seen
in the EMS 200 mg/kg BW group, which was significantly
less than the EMS 100 mg/kg BW group (**p < 0.001) and
extremely significant versus the controls (****p < 0.0001).

The stomach tissue cells of males and females in the control
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and EMS-treated groups did not vary significantly when sex-
based comparisons were performed at matching dosages (p >
0.05). This result suggests that both sexes experienced a sim-
ilar cytotoxic reaction to EMS. The thorough statistical anal-
ysis showed that EMS has a clear dose-dependent cytotoxic
effect on stomach tissue cells, with significant reductions in
cell viability at both EMS dosages delivered, whereas the ve-
hicle controls showed no toxicity at all. Importantly, the ob-
served DNA damage may be mainly attributed to the geno-
toxic characteristics of EMS rather than an overwhelming cy-
totoxic response because cell viability remained above the al-
lowable level for DNA damage assessment.

4.4. Effect of % Ghost Cell

4.4.1. Duodenum Tissue Cells

In order to facilitate the interpretation of comet assay data,
the percentages of ghost cells in duodenal tissue were assessed
as a standard for cytotoxicity, as mentioned in Table 4. Treat-
ment doses (0.9% saline, corn oil vehicle, EMS 100 mg/kg
BW, and EMS 200 mg/kg BW) and sex (male versus female)
were determined to be experimental factors (Figure 4).

Table 4. Comparative distribution of ghost cells in gastrointestinal and hepatic tissues with relative ratios to control across treatment groups.

Duodenum G. Stomach Liver

Group Sex % Ghost Relative ratio of % Ghost Relative ratio of % Ghost Relative ratio of
cells per ghost cells com- cells/ ghost cells com- cells/ ghost cells com-
group pared to the control group pared to the control group pared to the control

GI1-VC 0.9% Male 493 0.00 5.20 0.00 4.00 0.00

Saline (0

mg/kg BW) Female 5.07 0.00 5.33 0.00 4.27 0.00

G2 Corn Oil (0 Male 4.93 1.00 5.87 1.13 4.40 1.10

mg/kg BW)  Female 5.20 1.03 6.13 1.15 4.67 1.09

G3 EMS (100 Male 9.47 1.92 11.20 2.15 8.80 2.20

mg/kg BW)  Female 9.87 1.95 10.93 2.05 8.93 2.09

G4 EMS (200 Male 11.47 2.32 13.07 2.51 11.07 2.77

mg/kg BW)  Female 12.00 2.37 13.33 2.50 1133 2.66
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Figure 4. Induction of Ghost Cells in Duodenum, Liver, and Stomach Tissues Following EMS Exposure in Male and Female Mice: The
percentage of ghost cells, indicative of apoptotic or severely damaged cells, was quantified in duodenal, hepatic, and gastric tissues from male
and female mice treated with vehicle controls (0.9% saline and corn oil) and ethyl methanesulfonate (EMS) at 100 and 200 mg/kg. Data are
expressed as mean = SD. EMS administration produced a statistically significant increase in the proportion of ghost cells across all examined
tissues compared with both vehicle controls (*p < 0.05 to ****p < 0.0001). A clear dose-dependent trend was observed, with the highest

percentages detected in the 200 mg/kg groups.

Ghost cell extents of the vehicle control groups (0.9% saline
and corn oil) were baseline and relatively low (~5%) in both
male and female animals. The absence of treatment-related
cytotoxicity under control circumstances is shown by the fact
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that no significant variations were found between the two ve-
hicle controls. Both sexes had the same initial scores, demon-
strating that there is no innate sex-dependent variation in the
cytotoxicity of the vehicle in the duodenum.
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For both sexes, administration of EMS has led to a noticea-
ble and statistically significant increase in the percentage of
ghost cells in a dose-dependent fashion. When as opposed to
saline and corn oil controls, EMS at a dose of 100 mg/kg BW
significantly raised the number of ghost cells in male partici-
pants (*p < 0.05). Furthermore, compared to the controls and
the 100 mg/kg BW group, EMS at 200 mg/kg BW caused an
even larger and more significant rise (***p <0.001). Similarly,
in females, EMS at 100 mg/kg BW markedly boosted the fre-
quency of ghost cells compared to vehicle controls (*p < 0.05),
while EMS at 200 mg/kg BW produced a considerable and
extremely significant increase (**p < 0.001).

The number of ghost cells has been identified as very simi-
lar across the sexes when they were given the same dosages.
At EMS 200 mg/kg BW, females exhibited a little greater
mean sensitivity than males, but this distinction was not sig-
nificant when considering the powerful main impact of EMS.
Therefore, the two-way ANOVA showed that the treatment
dosage had a substantial main effect (***p < 0.001), but the
main effects of sex and the interaction between sex and dose
were negligible in comparison to the dose effect. Overall, the
findings show that EMS causes a dose-dependent cytotoxic
impact on duodenal tissue cells, as demonstrated by an in-
crease in the creation of ghost cells in both male and female
participants. Particularly, the degree of cytotoxicity remained
within a range appropriate for comet test assessment, indicat-
ing that the DNA damage seen at high EMS dosages repre-
sents real genotoxic effects rather than just an excess of cell
death.

4.4.2. Liver Tissue Cells

EMS treatment led to a considerable and significant in-
crease in the proportion of ghost cells in liver tissue cells, with
dosage-dependent effects. When EMS was administered to
male participants at a dose of 100 mg/kg BW, the proportion
of ghost cells was considerably higher than in both vehicle
controls (**p < 0.01 - ***p < 0.001). Comparing 200 mg/kg
BW to vehicle controls and the lower EMS dosage revealed
an additional significant increase that was very significant
(*¥***p < 0.0001). Similar results were shown in female indi-
viduals, where EMS at 100 mg/kg BW significantly increased
the frequency of ghost cells in comparison to controls (**p <
0.01). Additionally, EMS at 200 mg/kg BW produced the
greatest numbers of ghost cells, indicating extremely signifi-
cant differences from EMS at 100 mg/kg BW and vehicle con-
trols (****p < 0.0001) (Figure 4 and Table 4).

Males and females responded to EMS therapy identically,
according to a comprehensive sex-to-sex comparison, with no
discernible variations in the overall cytotoxicity profile. Alt-
hough the main impact was dosage-driven rather than sex-spe-
cific, females showed a slightly greater mean percentage of
ghost cells at the maximal EMS dose, suggesting a possible
tendency towards increased sensitivity. Overall, the statistical
results show that, whereas vehicle treatments refused to com-
promise cell integrity, EMS significantly and dose-
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dependently cytotoxically damages liver tissue cells, as seen
by the increase in ghost cell production. The conclusion that
the detected DNA damage is primarily genotoxic rather than
an artifact of excessive cytotoxicity is supported by the fact
that, despite a rise in ghost cell frequencies at higher EMS
dosages, these frequencies stayed within an accessible limit
for the comet test.

4.4.3. Stomach Tissue Cells

It appeared that there was no statistically significant differ-
ence between the two vehicles (p > 0.05), and the vehicle con-
trol groups (0.9% saline and corn oil, 0 mg/kg) had compara-
bly low levels of ghost cells (around 5-6%) in both males and
females, shown in Figure 4 and Table 4. The regularity of
ghost cells clearly increased following EMS treatment, and
this increase was dose-related. A substantial increase was ob-
served when EMS was administered at a dose of 100 mg/kg,
compared with both vehicle controls (males: ***p < 0.001;
females: **p < 0.01 to ***p < 0.001). The proportion of ghost
cells was considerably larger at 200 mg/kg than at 100 mg/kg
and in all control groups, further amplifying this impact
(*¥***p < 0.0001).

However, there was a minor trend for females to have a
larger mean at the highest EMS concentration, but no statisti-
cally significant differences were seen when comparing the
sexes within each treatment group (p > 0.05). When consid-
ered collectively, these results show that there are no discern-
ible sex-related variations in the robust, dose-dependent cyto-
toxic response to EMS in stomach tissue, as seen by enhanced
ghost cell appearance. In addition to supporting the accurate
interpretation of DNA damage results in the comet assay, the
degree of ghost cell formation validates treatment-associated
cytotoxicity.

5. Discussion

The Comet assay has been used to identify prospective gen-
otoxic chemical agents' mechanisms of action in tumor target
tissues or tissues exhibiting illness, to evaluate the in-vivo sig-
nificance of positive results from in-vitro genotoxicity studies,
and to look into suspected genotoxicity at the region of inter-
action. In this context, the comet assay has been widely em-
ployed to examine how genotoxic chemicals affect the break-
ing of DNA strands in mammalian cells.

In this work, we assessed whether EMS causes destruction
of DNA in the duodenum, liver, and stomach tissue cells of
mice using the in vivo comet test. To determine genotoxicity,
three specific tissues were chosen: the liver, a frequently ex-
amined organ in rodent cancer bioassays, a tissue that is ad-
vised for assessing DNA damage in ICH S2 (R1), and a tissue
being studied in the context of the JaCVAM international
Comet assay validation endeavor [3]. The glandular stomach,
a tissue being investigated in the JaCVAM validation en-
deavor and the duodenum, a common region of tumors in the
United States and other Western populations, making it a
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potential tissue of interest due to its crucial role in food diges-
tion, first-pass metabolism, and as an initial site of exposure
of toxicant contact with the body.

In a validation study of an in vivo comet assay, where EMS
was employed as a positive control chemical in the stomach
and liver, the results eligibility requirements demanded that
the percentage of tail DNA be 1) statistically significantly
greater than the control, 2) increased by more than 5% to the
control, and 3) increased by 2-fold or more, relative to the con-
trol. The study's rise in the percentage of tail DNA by EMS
satisfied all of the requirements for data acceptance for the
stomach, duodenum, and liver tissues mentioned above. Since
an increase in tail DNA must be taken into account for both
genotoxic and cytotoxic effects [12]. According to the afore-
mentioned findings, the genotoxic impacts of EMS on the
mice liver, duodenum, and stomach were the cause of the rise
in EMS-induced percentage tail DNA.

EMS, a familiar genotoxic chemical, damages DNA in a
variety of ways, including depurination [13], DNA adducts
[14], and DNA alkylation processes [15]. At the phospho-tri-
ester spine of the DNA helix and at nearly every purine or py-
rimidine nucleophilic site, EMS is capable of producing DNA
adducts [16]. Furthermore, it has been documented that EMS
damages DNA in the stomach, bladder, and bone marrow and
causes cancers in the liver, kidneys, lungs, brain, mammary
glands, and uterus [9, 17, 18]. The Comet test can therefore
identify a range of DNA damages (DNA adducts, apurinic
sites) that may be caused by EMS.

We observed that the ghost cell population doubles at both
low and high concentrations of EMS in comparison to 0.9%
saline and corn oil in the tissues of the liver, duodenum, and
stomach, resulting in a loss of cellular viability of less than 5%
(low concentration) and 10% (high concentration). Despite its
high treatment concentration, EMS, which was the most suc-
cessful at inducing strand breaks (almost 90%), did not result
in a discernible rise in DNA base lesions. In conclusion, EMS
appears to be a highly helpful positive control substance for
multi-organ comet assays in mice, specifically targeting the
bone marrow, thyroid gland, liver, stomach, intestine, and
bladder.

6. Conclusion

Overall, EMS administration satisfied established in vivo
comet test data acceptance requirements by causing statisti-
cally significant and clinically relevant increases in the per-
centage of tail DNA in the liver, duodenum, and stomach tis-
sues. When compared to controls, the extent of DNA damage
was greater than the two-fold change and 5% absolute in-
crease thresholds. Crucially, very mild increases in the fre-
quency of ghost cells and negligible decreases in cell viability
suggest that genotoxic rather than cytotoxic effects were
mostly responsible for the observed DNA movement. The re-
sults further verify EMS as a suitable and trustworthy positive
control molecule for regulatory genotoxicity testing in mice
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and validate the sensitivity and robustness of the multi-organ
comet assay.

7. Future Scope

In the future, the utilization of sophisticated 3D (three-di-
mensional)-reconstructed tissues, such as intestine organoids,
gastric mucosa equivalents, and liver spheroids, shows prom-
ise. Tissue architecture, metabolic capacity, and exposure gra-
dients are all closely modelled by these models. Assessment
of first-pass metabolism, local tissue vulnerability, and DNA
repair capacity in site-of-contact tissues would be possible by
performing comet assay studies in these 3D systems following
EMS exposure. These investigations may help predict the risk
of gastrointestinal and hepatic cancer and shed light on the
genotoxic pathways unique to particular organs. Another ave-
nue for the future is to combine two-dimensional (2D) in-vitro
assays with integrated testing methodologies. According to
the 3Rs framework, demonstrating agreement between 2D in-
vitro comet assay data and in-vivo results could encourage the
regulatory adoption of substitute techniques, minimize the use
of animals, and facilitate more predictive, mechanism-based
genotoxicity screening for pharmaceuticals and environmen-
tal chemicals. To improve mechanistic knowledge, human
risk prediction, and ethical toxicological testing, this model
should move away from only animal-based comet assay re-
search and toward human-relevant in-vitro systems, sophisti-
cated 3D organoid models, 2D in-vitro procedures, and inte-
grated testing strategies.
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