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In the present study, the in-vitro effect of Triclosan was tested on human
peripheral lymphocytes taken in different concentrations. The genotoxicity
of these antimicrobial agents was assessed using alkaline comet assay. The
lymphocytes were isolated from the blood of non-smoker healthy students,
which were treated with different concentrations of the selected
antimicrobial agenti.e. Triclosan (2.5mg/mL, 4mg/mL, 5mg/mL, 6.5mg/mL,

7.5mg/M], 10mg/mL) and were kept for 1 hour in a dry bath incubator. The

Declaration

Authors’ Contribution: All authors
equally contributed to the study and
approved the final manuscript.

Conflict of Interest: No conflict of interest.

Funding: No funding received by the
authors.

Article History

Received: 02-05-2025 Revised: 03-07-2025
Accepted: 07-07-2025 Published: 30-07-2025

result demonstrated that Triclosan was able to induce DNA damage with all
concentrations. The amount of damage was directly proportional to the
concentration of antimicrobial drugs used.

INTRODUCTION

Antimicrobial agents are molecules that either eradicate or
restrict the replication of viruses, bacteria, fungus, and
parasitic organisms, and other microbes. A natural, semi-
synthetic, or synthetic material that holds antimicrobial
property (eliminates or restricts the spread of microbes)
at concentrations obtainable in vivo is usually referred to
as an antimicrobial substance (292).

The kind of antibacterial substance and the type of
bacteria determine their modes of impact. The
peptidoglycan-based stiff cell wall of numerous bacteria is
crucial to their existence and morphology. Antimicrobial
substances aimed at the enzymes engaged in
peptidoglycan formation, such as beta-lactams (e.g.,
penicillins, cephalosporins) and glycopeptides (e.g.,
vancomycin), cause lysis of cells and their demise (1)

For instance, penicillin destroys the bacterial cell wall and
induces osmotic damage by inhibiting transpeptidase,
which stops peptidoglycan chains from linking together.
Certain antimicrobial compounds cause microbial cellular
membranes to break down, which results in intracellular
fluid leaking out and dying cells. For instance, Polymyxins,
such as colistin, increase permeability of membranes by
binding to the lipopolysaccharides of Gram-negative

IJBR Vol.3 Issue.7 2025

bacterial exterior membrane. Fungus cell membranes
contain ergo sterol, which antifungal drugs like
amphotericin B bind to create holes that compromise the
stability of the membrane (2).

The development and spread of microorganisms depend
on the manufacturing of proteins. Antimicrobials that
attack ribosomes stop protein molecules from being
generated. Tetracyclines stop tRNA from attaching to the
ribosome, which stops the protein chain from lengthening.
In the process of the manufacture of proteins, macrolides,
such as erythromycin, interact with the 50S subunit of the
ribosome and  prevent transportation. When
aminoglycosides, such gentamicin, attach to the 30S
subunit, mRNA is misinterpreted and inactive peptides are
produced (3).

Table 1
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Types
Anti-bacterial

Effect / Uses
Uses against bacteria

Anti-viral Uses against viruses

Anti-fungal Uses against fungi

Anti-parasitic

Types of Antimicrobial Agents
Describes the effects of antibiotic resistance as a recurring
worldwide threat to health and emphasizes initiatives to
address this intricate issue. To slow the rise in antibiotic
resistance, legislative initiatives, laws, treatment
advancement, and dissemination of knowledge are crucial.
In a time when there are few novel medicines for bacterial
diseases, the challenging endeavor of reducing antibiotic
resistance falls to investigators physicians, and legislators.
Antibiotic resistance in human beings and livestock
industries may be addressed, according to the researchers,
by legislation, tracking, inspection of practices, and
innovative therapies. The intricacy of antibiotic resistance
is emphasized in this paper, along with the necessity of a
multimodal strategy to enhance health care results (4).
The primary objective of this study is to evaluate the in-
vitro genotoxic effects of Triclosan on human lymphocytes
using the Comet Assay, focusing on assessing the extent of
DNA damage. Furthermore, the study aims to compare the
level of DNA damage across different concentrations of
Triclosan to determine whether a dose-dependent
relationship exists between Triclosan exposure and the
degree of DNA damage. To ensure the reliability and
validity of the results, the collected data will be statistically
analyzed using appropriate methods, including Analysis of
Variance (ANOVA), to evaluate the significance of
observed differences among treatment groups.
Triclosan (TCS; 5-chloro-2-(2,4-dichlorophenoxy) phenol)
is a chlorinated phenolic antimicrobial that has been
widely used in consumer and healthcare products
(toothpastes, soaps, plastics) and is frequently detected in
environmental matrices and biological samples. Concern
about human health effects has grown because TCS is
persistent in the environment, can bioaccumulate to some
extent, and has been associated with endocrine, oxidative-
stress and other molecular effects in mammalian systems
(5)
The alkaline single-cell gel electrophoresis (comet) assay
is a sensitive method for detecting primary DNA damage
(single- and double-strand breaks and alkali-labile sites) in
individual cells. Its adaptability to peripheral blood cells
makes it particularly useful for human biomonitoring and
toxicology studies intended to evaluate genotoxic
exposures in occupational or environmental contexts.
Standardized protocols and consensus recommendations
have improved comparability across studies, but careful
control for cytotoxicity, sample handling, and scoring
criteria remains essential because those factors strongly
affect comet outcomes (6)
Direct studies using lymphocytes (the most relevant target
for the present study design) are fewer but informative.
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Uses against other parasitic organisms

Citation

Leekha, Terrell, & Edson, 2011

Experimental work in rodent lymphocytes has shown TCS-
induced increases in comet parameters (olive tail
moment/percent tail DNA) at concentrations that also
raised oxidative stress markers; importantly, antioxidant
cotreatments (e.g. N-acetylcysteine, curcumin,
resveratrol) attenuated the DNA damage, supporting
oxidative mechanisms. These lymphocyte data indicate
that peripheral blood cells are responsive to TCS-induced
DNA strand breaks and are therefore an appropriate cell
type for human biomonitoring using the alkaline comet
assay (7).

MATERIALS AND METHODS

The present study was conducted to assess DNA damage
in human lymphocytes exposed to various concentrations
of Triclosan using the Comet Assay. Blood samples were
randomly collected from healthy students of the Institute
of Zoological Sciences, University of Peshawar, through
venipuncture. The single-cell gel electrophoresis (SCGE)
or microgel technique, originally developed by Singh et
al.(8), was employed under alkaline conditions (pH 13) to
detect single-strand breaks and alkali-labile lesions in
individual cells. This method has been extensively used in
studies of oxidative DNA damage, genotoxicity, radiation
exposure, pollution, and aging (9). Triclosan and various
reagents including phosphate buffer saline (PBS), normal
and low melting agarose, ethylenediamine tetraacetic acid
(EDTA), dimethyl sulfoxide (DMSO,), trichloroacetic acid,
and sodium chloride were utilized to prepare solutions
such as agarose gels, lysing buffer, electrophoresis buffer,
neutralization buffer, and phosphate buffer. Essential
laboratory materials included microcentrifuge tubes,
Coplin jars, microscope slides, micropipettes, centrifuge
machines, and electrophoresis apparatus. Approximately
3 mL of peripheral blood was drawn into EDTA tubes, and
lymphocytes were separated by layering the blood over
lymphocyte separation medium and centrifuging at 4000
RPM for 30 minutes, resulting in distinct plasma, buffy
coat, and red blood cell layers. The lymphocyte-rich buffy
coat was isolated, washed with PBS, and suspended to
form a homogeneous cell mixture. The isolated
lymphocytes were then treated with varying
concentrations of Triclosan and incubated at 37°C for one
hour. For the preparation of cell microgels, slides were
sequentially coated with three agarose layers—first with
1.5% normal melting agarose for pre-coating, followed by
two layers of 0.5% low melting agarose containing
lymphocytes, each solidified on ice. The slides were then
incubated in chilled lysing solution at 4°C for two hours to
lyse cells, followed by electrophoresis in alkaline buffer
(pH > 13) at 25 Vand 300 mA for 25 minutes to allow DNA
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migration. Slides were neutralized thrice using Tris buffer
(pH 7.5), dehydrated with absolute ethanol, air-dried,
rehydrated in chilled distilled water, and stained with
acridine orange for fluorescence microscopy. One hundred
randomly selected cells per slide were scored under the
fluorescence microscope to evaluate tail length and DNA
migration, serving as indicators of DNA strand breaks.
Based on the extent of tail formation, comets were
classified into five categories ranging from Class 0 (no
damage) to Class 4 (maximum damage), providing a
quantitative measure of Triclosan-induced DNA damage.
Table 2

The following five comet classes were made on the basis of
comet tail length observation.

Class 0 No Tail length No DNA damage
Class1 1.5 times the diameter of Slight DNA
comet nucleus damage
Class2 1.5 to 2 times the diameter of Moderate DNA
comet nucleus damage
Class3 2 to 2.5 times the diameter of Highly DNA
comet nucleus damage
Class4 Totally change Maximum  DNA
damage
RESULTS

This study was performed in order to evaluate the effects
of Triclosan on the DNA of human lymphocytes. Blood
samples were collected from healthy students of the
Institute of Zoological Sciences, University of Peshawar.
Lymphocytes were isolated from the blood and treated
with different concentrations of Triclosan. The DNA was
visualized under fluorescence microscope by treating
them with fluorescent stains. The final analysis was done
manually by counting the comet score from the images
taken as a result of fluorescence microscopy of comet
assay slides. Damaged DNA cells were figured by comet
appearance with a brightly colored head and tail to one
side formed by the DNA containing strand breaks that run
away during electrophoresis. One hundred cells in each
sample were analyzed to get the comet score.

As blood was taken from healthy students, so there were
no comets during analysis of microgel containing cells of
control group (negative control). High amount of DNA was
observed in the cells of positive control group due to the
toxicity is caused by H202. The DNA damage in both
control groups is shown is the table.

Negative Control 52.6 +3.6 27.2+2.0
2.5 mg/ml 40.2+4.1 29.4 2.6
4mg/ml 29.6 + 3.8 27.0+ 2.4
5mg/ml 18.3+2.9 24.6 £3.1
6.5mg/ml 12.8 £ 3.2 204 2.7
7.5mg/ml 8.6 +2.0 15.7 2.5
10mg/ml 54+1.38 11.2+£2.1
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Table 3
Comet classes and TCS of Control (positive and negative)
comet (Per 100 cells analyzed

Negative 55.3 26.3 10.0 50+ 33+ 757
control +87 72 +£20 1.0 1.5 +12.6
Positive 25.3 37.3 18.3 12.7 6.3 + | 137.3
Control +57 | 6.7 % +32 | 15 +
10.7 18.5

Significant difference between the control groups,
p = 0.009 (t- test)

Figure 1.
DNA breaks induced by Triclosan

Comet Classes and TCS

60
40 I
20

Class 0 Class 1 Class 2 Class 3 Class 4

W Negative Control W Positive Control

Cells were treated with different concentrations of the
selected antimicrobial agent i.e, Triclosan and incubated
for 1 hour. Six different concentrations were used during
the study to analyze the DNA damage. It was found that
genotoxicity increases with increase in concentration of
Triclosan. It reveals that increase amount of Triclosan can
cause more DNA damage.

DNA damage induced by different concentrations of
Triclosan:

At lower concentration, the DNA damage observed was
less than the other concentrations of Triclosan. The DNA
damage was maximum at 10mg / ml and minimum at 2.5
mg / ml.

Table 4

Comet classes and TCS (mean # SD) values in response to the
in vitro treatment of human lymphocytes with Triclosan
(100 cells analyzed per sample)

10.8+1.9 6.0 0.7 34+1.0 80.0 = 6.4

15.0+2.2 9.0+1.2 64+1.1 98.6 + 5.2

18.2 £ 2.0 13.1+1.8 12.1+1.4 1189 +6.1
21.0+3.1 17.5 +2.00 18.6+1.6 143.3 £5.7
22.6 +2.0 20.8+1.5 23.4+2.2 157.6 £ 6.3
23.8+2.2 23.5+1.8 284 +2.6 172.3+5.8
25.6 £ 2.5 25.0+2.3 32.8+3.0 181.0+6.1
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TCS, total comet score; SD, standard deviation,
Significant difference relative to negative control, p =
0.008 (one-way ANOVA) Figure 2
Mean Total Comet Score (TCS) Value

Control and Treated Groups
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Negative 2.5 mg/ml 4 mg/ml 5 mg/ml 6 mg/ml 7.5 mg/ml 10 mg/ml
control

TCS of Control and Treated Group
Table 5

TCS of controls and treated groups
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Negative Cortfomg/ml 4mg/ml 5mg/ml 6.5mg/ml 7.5mg/ml 10mg/ml

H Class 0 Class 1 mClass 2 Class 3 Class4 ®TCS

Class 0 (control group); NO DNA Damage

Figure 4 Class 1. Slight DNA damage

Page | 1185

IJBR Vol.3 Issue.7 2025 @) Copyright © 2025. IIBR Published by Indus Publishers
_ This work is licensed under a Creative Commons Attribution 4.0 International License.




Evaluation of DNA Damage in Human Lymphocytes Exposed to Triclosan...

Ali, W. et al,,

DISCUSSION

Our result indicates that, as the concentration of Triclosan
increases the length of the DNA tail also increases. It means
that the selected antimicrobial drug has genotoxic effects
on healthy lymphocytes, and it causes DNA damage at all
the applied concentrations. This study explored
significant differences in DNA damage levels of the
exposed groups and control groups. The TCS in
occupationally exposed groups was greater than control
group as exposed groups represented the significantly
increased DNA migration, a lot of high damaged DNA spots
in contrast to control group.

Two control groups were taken (positive and negative). Six
different concentrations of the selected antimicrobial
agent (Triclosan) were taken which were 2.5, 4, 5, 6.5,
75,10 mg/mL. They were introduced to human
lymphocytes and incubated for 1 hour. Hundred cells in
each sample were analyzed and comet scores were
calculated. In our study, we observed that higher levels of
DNA damage were caused by Triclosan. A high amount of
DNA damage was observed in cells of the positive control
group due to toxicity caused by H202. At low concentration
of triclosan i.e; 2.5 mg/mL, the TCS value of DNA damage
of was 98.6. Hence it is known that even at lower
concentration the DNA damage is high. At of the mentioned
antibiotics, moderate DNA damage was observed. At 4
mg/mL concentration of triclosan, TCS value of DNA
damage was 98.6. It was found that DNA damage at 4
mg/mL is higher than 2.5 mg/mL. At 10mg/mL
concentration of the selected antimicrobial agent, high
level of DNA damage was observed. At this concentration,
TCS value of DNA damage was 181.0. It was found that
DNA damage has a direct relation with high concentration.
If we increase concentration of triclosan then the DNA
damage will be higher as the above statement.

Among the cellular contents, DNA is an important target of
environmental stress is aquatic and terrestrial organism.
The level of strand breakage in DNA has been proposed as
a sensitive indicator of genotoxicity and an effective
biomarker in environmental Biomonitoring (10). DNA
damage may be induced directly by chemical such as
H202, or reactive oxygen species (ROS) Genotoxicity tests
as SCGE assay have become extensively valuable as
biomarkers for different cells in-vitro. SCGE detects single
and double-stranded breaks as well as apurinic sites (11).
In the present study, the selected antimicrobial drug
induced DNA damage in human lymphocytes exposed to
all concentrations evaluated. We conducted the present
research to check the genotoxic effect of commonly used
antimicrobial agent, Triclosan by administering it in
different concentrations into human peripheral
lymphocytes, incubated for 1 hour in a dry bath incubator,
in-vitro.  Different concentrations of Triclosan were
introduced into cells to check the DNA damage in
lymphocytes in-vitro. In this study, single cell gel
electrophoresis method was used to detect the DNA
damage in lymphocytes of healthy students. SCGE is a very
simple method to detect even very low levels of DNA
damage (12)
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CONCLUSIONS

The sensitivity of comet assay compared to other
established methods was judged during analyzing the
sample which indicates its importance in determining
genotoxicity affecting cell susceptibility. Most of the study
indicates that overdose of the selected antimicrobial drug
cause genotoxicity in various cells including macrophages
and lymphocytes. In conclusion, the result from the
present-day study demonstrated that the selected
antimicrobial agent induced DNA damage which increased
with increase in concentration of the triclosan added, as
evidence of SCGE assay. Result of this investigation could
provide useful data for hazard assessment related to these
compounds commonly used in cosmetics.
Recommendations

Triclosan is commonly used in concentrations up to 0.3%
(3 mg/mL) in products such as soaps, toothpaste, and
deodorants, according to the regulations of the U.S. FDA
and European Commission. But according to our research
results it can cause DNA damage at 2.5mg/MI.
Regulatory Re-evaluation: Health authorities should
reconsider the continued use of triclosan in cosmetics and
personal care products, especially in light of its DNA-
damaging potential demonstrated in-vitro.

Public Awareness: Public awareness campaigns should
be initiated to educate consumers about the potential
health risks of triclosan-containing products.

Further Research: Additional in-vivo studies and long-
term epidemiological investigations are needed to better
understand the actual risk of triclosan exposure in
humans.

Alternatives: Safer antimicrobial alternatives should be
developed and promoted in  cosmetic and
hygiene products.
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