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ABSTRACT

Objective: Thirdhand smoke (THS) is described as the accumulated chemicals left on indoor surfaces after tobacco smoking. Individuals
can be exposed to THS by dermal or oral contact with THS-embedded surfaces or by breathing in the off-gasses. In the present study, the
cytotoxic, oxidative, and inflammatory responses of THS extracts yielded from conventional (THS-C) and heated-tobacco products (THS-H)
were examined in BEAS-2B human bronchial epithelial cell line.

Materials and Methods: The terrycloth samples were exposed to smoke in a closed polystyrene box and extracted in a complete cell
culture medium for 24 hours at 37°C. Following this, the cytotoxicity of THS was assessed by MTT assay. Malondialdehyde (MDA) and
intracellular glutathione (GSH) levels were determined in BEAS-2B cell lysate to assess oxidative response. The aryl hydrocarbon receptor
(AhR) and interleukine-6 (IL-6) levels were determined via an ELISA kit.

Results: Both types of THS led to dose-dependent cytotoxicity in cells, which was remarkable with THS-C (50%, v/v). Moreover, GSH
depletion and MDA increase were remarkable with both THS, particularly with THS-C. AhR activation was also slightly elevated with THS-C,
whereas the increase in IL-6 was notable compared to THS-H.

Conclusion: THS exposure might lead to potential health risks particularly for respiratory health and the results support the need for
comprehensive regulations and public health initiatives to minimize the harmful effects of THS.
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INTRODUCTION

Smoking is one of the leading causes of preventable death
worldwide. Across Organisation for Economic Co-operation
and Development (OECD) countries, among smokers aged
15 and over, Turkiye is ranked second with a daily smoking
rate of 28% after Indonesia, according to the latest data (1).
Due to this relatively high rate of daily smoking, other risk
factors may arise not only for active cigarette smokers but
also for non-smokers and the environment exposed to the
side stream smoke during this process (2). From this point
of view, a new toxicological concept, thirdhand smoke

(THS), can be described as residual smoke that is remained
after the cigarette is extinguished and might be generated
from aged secondhand smoke that adheres to dust and
surfaces. In addition to its cumulative hazard potential,
its re-emission into the air makes the THS a public health
concern, particularly for individuals who are suffering from
respiratory diseases (3). Even though smoking has been
prohibited in most indoor workplaces and public places
in Turkiye since 2005, there are a few exceptions where
ventilation is allowed for smoking such as care facilities
for the elderly people, restricted areas in airports, personal
accommodation places, and hotel rooms (4). Therefore,

Corresponding Author: Rengin Reis E-mail: rengin.reis@acibadem.edu.tr
Submitted: 25.06.2023 Revision Requested: 18.07.2023 Last Revision Received: 18.07.2023 Accepted: 27.07.2023 Published Online: 31.07.2023

Content of this journal is licensed under a Creative Commons
BY _NC Attribution-NonCommercial 4.0 International License.



https://orcid.org/0000-0002-3484-2201
https://orcid.org/0000-0003-4228-6564

128

Experimed 2023; 13(2): 127-132

indoor smoking might represent a current public health and
environmental concern for people who do not actively smoke,
despite strengthened bans.

According to the recent literature, the chemical dynamic of THS
is quite different from firsthand smoke (FHS) and secondhand
cigarette smoke (SHS) due to the delayed and aged exposure
to smoke pollutants. In addition, the re-emitted gas phase
represents a continuous environmental pollutant reservoir in
terms of nicotine, nitrous acid, carcinogenic tobacco-specific
nitrosamines (TSNAs), and volatile organic components (VOCs)
(5). Unfortunately, physical, and chemical cleaning techniques
were shown to be ineffective in removing THS residue adsorbed
on surfaces and materials. Also, cleaning methods such as
wiping was previously reported to cause particles to become
liberated from the deposited surfaces and re-suspended in air,
thus increasing the probability of exposure via the inhalation
route (6). Exposure via inhalation is a common exposure route
for FHS, SHS, and THS; however, due to the surface embedding
potential of THS, the oral route is another exposure route
for THS, which makes THS a health hazard for toddlers and
children who are frequently in contact with surfaces via hand
to mouth transfer with a long-lasting effect (7). In addition to
the risk to children, people who are suffering from chronic
respiratory diseases such as asthma, chronic obstructive
pulmonary disease (COPD), and wheezing (8). According to
research by Vanker and colleagues (2017), environmental
cigarette smoke was suggested as an important public health
concern for people, especially children, by increasing the rate
of asthma, wheezing, and pulmonary infections. In addition,
these health hazards were reported to be at higher rates in low
and moderate-income countries in several reports (8,9).

The limited studies on THS exposure showed that it has dose-
dependent cytotoxic (10) and genotoxic (11,12) potential on
several cell lines and has a delaying effect on wound healing
capacity in mice (13). Based on these few findings on the risk
of repeated exposure to THS, a toxicological evaluation of the
complex mixture of THS and its possible health effects are further
needed. In recent years, in addition to the use of conventional
cigarettes, “less harmful” options to smoke were started to be
marketed such as heat-not-burn products or heated tobacco
products (HTP). These products aim to serve a smoke containing
nicotine to the consumer with a less burning product and
carcinogenic intermediates since HTPs are heating the tobacco
up to 300°Cinstead of burning as in traditional cigarettes (14,15).
In our previous study, we reported the comparative cytotoxicity
of the FHS extracted from HTP and conventional cigarette (3R4F)
in human liver epithelial cells, and those novel products dose-
dependently might be cytotoxic to the cells via inflammatory
and oxidative pathways (16). However, there is no current finding
on the residual potential of HTPs and their toxicity potential on
the primary target organ, the lungs. Since there is no classified
safety level of environmental cigarette smoke exposure, no
definitive THS threshold for adverse effects has been recognized.
The present study aimed to evaluate the potential cytotoxicity
profile of two different types of THSs isolated from conventional
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cigarette and heated tobacco products preliminarily in human
bronchial epithelial cells via oxidative and inflammatory
pathways in vitro.

MATERIAL AND METHODS
Preparation of THS Extract

THS was extracted from terrycloth fabric exposed to one 3R4F
cigarette (THS-C) and heat stick heated via HTP (THS-H) device
manually in a polystyrene chamber with a puff volume of 55
mL and 30 seconds of puff cycle as described in the previous
smoking simulation (16). After the smoke exposure in the
chamber, the terrycloth was extracted in the high glucose
Dulbecco’s Modified Eagle Media (DMEM, Gibco, USA) at 37°C
for 24 hours. After the extraction process, the extract (100%,
v/v) was filtered and stored at -80°C for further studies. The
standardization of prepared extract was recorded through
before and after weights of filter papers accumulates the total
particulate matter (TPM) for each.

Cytotoxicity Assay

The cytotoxicity potential of the two types of THSs was assessed
via 3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium
bromide (MTT) assay through mitochondrial reductase activity
in human bronchial epithelial BEAS-2B cells (ATCC, CRL-9609).
For this purpose, cells were cultured with Dulbecco's modified
eagle medium (DMEM) supplemented with 100 [U/mL penicillin,
100 pg/mL streptomycin, and 5% (v/v) fetal bovine serum (FBS,
Gibco, USA). The cells were seeded in 96-well plates before the
day of exposure as 2x10* cells/well and incubated for 24 hours
to achieve subconfluency. The following day, THS-C and THS-H
were diluted with a complete cell culture medium and applied
to the cells between doses at 10-100% (v/v) for 24 hours. After
the incubation, the well contents were discarded and 0.5 mg/mL
MTT solution was applied to the wells as previously described
(17). In addition to the cytotoxicity, cell morphology was also
visualized via EVOS M5000 (ThermoScientific, Singapour) at a
magnification rate of 10x for 72 hours.

Oxidative Stress

For the assessment of oxidative damage induced by THS-C and
THS-H, intracellular glutathione (GSH) and lipid peroxidation
intermediate product malondialdehyde (MDA) levels were
assessed according to our previous methods (16,17). Briefly, the
cells seeded in T-25 flasks were exposed to the 10-25-50% (v/v/v)
THS-C and THS-H extracts for 24 hours. The next day, cell pellets
were collected and lysed with MagnaLyser (Roche, Switzerland).
The collected cell lysates were used for the assessment of total
protein content, GSH, and MDA level spectrophotometrically in
triplicates (ThermoScientific, VarioskanLUX, Singapour).

Inflammatory Damage

Inflammation is another toxicity response against air pollutants;
thus, it was evaluated in BEAS-2B cells via pro-inflammatory
cytokine interleukin-6 (IL-6) and aryl hydrocarbon receptor
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Figure 1. Cytotoxicity profiles of THS-C and THS-H in BEAS-2B
cells.

Ctrl: Control; THS-H: Thirdhand smoke of HTP; THS-C: Thirdhand
smoke of 3R4F cigarette. Results were expressed as mean+
SD. The significant differences between groups and Ctrl were
defined as *p<0.05; **p<0.001.

(AhR) levels via enzyme-linked Immuno sorbent assay (ELISA)
kit. For this purpose, cell supernatants were assessed with a
human IL-6 ELISA kit (Elabscience, E-EL-H6156, USA) and a
human AhR ELISA kit (AFG Bioscience, EK700338, USA) at 450
nm spectrophotometrically in duplicates.

Statistical Analyses

Statistical analyses of data were performed with GraphPad
Prism 9.0 (La Jolla, California, USA). The results of cell culture
studies are presented as the mean + SD as triplicates. One-way
analysis of variance (ANOVA) tests were used for analysis and
differences were considered to be significant at p<0.05.
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RESULTS
TPM of THS Extracts

The prepared extracts were standardized through collected
TPM amounts on the filter papers. Based on our extractions, the
TPM of THS-C was recorded as 3.7 £ 0.12 mg whereas for THS-H
was 3.1 £0.2 mg.

Cytotoxicity

Cytotoxicity of THS-C and THS-H were shown in Figure 1.
As seen in Figure 1, both extracts showed dose-dependent
cytotoxicity in BEAS-2B cells, which was remarkable with the
higher doses of THS-C (50-100%, v/v). Furthermore, all the
tested concentrations of THS-C and THS-H were significantly
cytotoxic compared to the control group (p<0.001). According
to the MTT assay, the inhibiting concentration 50% (ICs,) values
of extracts were found as 14.8 £ 1.9% for THS-Cand 21.7 + 2.6%
for THS-H. The cell morphology of THS-exposed BEAS-2B cells
was recorded for 72 hours and shown in Figure 2.

Oxidative Stress

Smoking is a well-known source of free radicals, reactive oxygen
species (ROS), and reactive nitrogen species (RNS) formation,
which play a crucial role in oxidative damage in target organs as
a notable contributing factor. Hence, we assessed THS induced
oxidative damage, which was yielded by a cigarette, and an
HTP through intracellular GSH and MDA levels. Based on our
findings, 25-50% (v/v) doses of THS-C and THS-H significantly
led to a significant depletion in GSH deposits in BEAS-2B cells
compared to the control (Figure 3). Moreover, the difference
between the highest tested doses was remarkable with THS-C
in the GSH assay (p<0.05). On the other hand, lipid peroxidation
was significantly higher with THS-C (50%, v/v) compared to the
same dose of THS-H (Figure 4) (p<0.001).
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Figure 2. Morphological images of BEAS-2B cells exposed to the THS-C and THS-H for up to 72 hours.
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Figure 3. Intracellular GSH level in BEAS-2B cells.

Ctrl: Control; THS-H: Thirdhand smoke of HTP; THS-C: Thirdhand
smoke of 3R4F cigarette. Results were expressed as mean+
SD. The significant differences between groups and Ctrl were
defined with * p< 0.05, **p<0.01

Inflammatory Response
IL-6 Levels

Inflammatory response through pro-inflammatory IL-6 level
was found to be elevated with THS-C and THS-H exposure
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Figure 5. IL-6 level in BEAS-2B cells.

Ctrl: Control; THS-H: Thirdhand smoke of HTP; THS-C: Thirdhand
smoke of 3R4F cigarette. Results were expressed as mean+
SD. The significant differences between groups and Ctrl were
defined with *p <0.05, **p<0.001.
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Figure 4. MDA level in BEAS-2B cells.

Ctrl: Control; THS-H: Thirdhand smoke of HTP; THS-C: Thirdhand
smoke of 3R4F cigarette. Results were expressed as meant
SD. The significant differences between groups and Ctrl were
defined with *p<0.05; **p<0.001

dose-dependently as shown in Figure 5. Based on the ELISA
results, 50% and 100% (v/v) doses of the extracts exhibited a
significant increase in the inflammatory response, which was
the highest with THS-C. In addition, the difference in the IL-6
release was statistically significant between the highest tested
doses of THSs (p<0.05).

AhR Levels

Another important inflammatory marker, AhR, which has
specific ligands such as tobacco smoke cigarette smoke
carcinogen benzo(a)pyrene, was evaluated in BEAS-2B cells via
ELISA kit. According to the present findings, cytoplasmic AhR
level was higher with THS-H (100%, v/v) exposure compared
to the same dose of THS-C (Figure 6). However, the difference
between the two groups was insignificant.

DISCUSSION

In the present study, we focused on the potential cytotoxicity,
oxidative stress, and inflammatory response caused by THS
derived from conventional cigarettes and heated tobacco
products. The findings indicate that both THS-C and THS-H
showed dose-dependent cytotoxicity in BEAS-2B cells, where
the higher doses of THS-C exhibited more pronounced
cytotoxic effects compared to THS-H based on their ICs,.
Moreover, the cell morphology analysis further supported the
cytotoxic effects of THS on the cells. Similar to our findings,
Bahl and colleagues reported a dose-dependent cigarette-
derived-THS cytotoxicity in human dermal fibroblasts (hDF)



Reis and Kolci

Cigarette and HTP-derived THS Cytotoxicity in BEAS-2B Cells

5.0
4.5 l
4.0
3.5
3.0 T

2.5+ T
2.0
1.5 T
1.0
0.5
0.0

AhR Level (ng/ml)

S N IR R e —
Ctrl 10 25 50 10 25 50
THS-H (%)(vIv) THS-C (%)(vIv)

Figure 6. Cytoplasmic AhR level in BEAS-2B cells.

Ctrl: Control; THS-H: Thirdhand smoke of HTP; THS-C: Thirdhand
smoke of 3R4F cigarette. Results were expressed as mean+
SD. The significant differences between groups and Ctrl were
defined with * p<0.001.

and human palatal mesenchyme cells (hPM) (10). In another
study, indoor surface-derived THS was also found dose-
dependently cytotoxic to mouse neural stem cells (mNSC),
which represented a model for the neonatal brain (18). However,
there are no records in the literature on the HTP-derived THS
and potential cytotoxicity profile. Therefore, this is the first
comparative report that identifies the cytotoxicity profile of
HTP-derived THS in vitro. Oxidative stress is another important
pathway involved in chronic pulmonary diseases and tobacco-
induced lung deficits (19-21), and its assessment revealed
that both THS-C and THS-H led to a depletion in intracellular
GSH deposits in BEAS-2B cells. THS-C induced higher levels
of lipid peroxidation compared to THS-H exposure, indicating
its stronger potential for oxidative damage based on our
findings. The other important pathway involved in respiratory
diseases is inflammation, which was augmented with smoking
as well, and was evaluated with pro-inflammatory IL-6 and
tobacco-specific carcinogen ligand-induced-AhR level (22-25).
According to the results, THS-C and THS-H exposure exhibited
a dose-dependent increase in IL-6 levels, with THS-C showing
a higher inflammatory response. However, there was no
significant difference in cytoplasmic AhR levels between THS-C
and THS-H. Previously, we reported a slight increase in HepG2
cells exposed to the FHS and SHS extracts of both conventional
cigarettes and HTP, which was higher with cigarettes (16).
Similarly, THS derived from a cigarette led to a higher AhR
activation with a lower cytoplasmic AhR level in the current
study. Based on these findings, it might be suggested that
both types of THS demonstrated dose-dependent cytotoxicity,
with THS-C exhibiting stronger effects. The oxidative stress
assessment indicated a depletion of intracellular GSH deposits
and higher lipid peroxidation with THS-C. Furthermore, THS-C
induces a stronger inflammatory response through IL-6 release
in BEAS-2B cells.
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CONCLUSION

These findings emphasize the potential health risks associated
with THS exposure, particularly in terms of respiratory health.
The study contributes to the understanding of the toxicological
profile of THS and highlights the importance of further research
to assess the long-term effects of THS exposure on human health.
The results support the need for comprehensive regulations and
public health initiatives to minimize THS exposure and protect
individuals, especially those with respiratory conditions, from
the harmful effects of THS.
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