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ABSTRACT

As electronic cigarettes (e-cigarettes, vaping, etc.) are consid-
ered a safer alternative to traditional smoking, they are gaining
popularity, especially among adolescents (10-14 and 14-18 years)
and young adults (18-25 years). They are used by millions of users
worldwide, and new generations of e-cigarette devices are being
introduced. Some reports have suggested that e-cigarettes have
harmful effects on human health, which is why it is important
to introduce restrictions on the use of e-cigarettes by young peo-
ple. The aerosols produced when the e-liquid is heated contain
a complex of gases, toxic substances and various types of flavor-
ing chemicals, which are then inhaled by users. In addition, when
the products in the e-liquid are thermally degraded, more harm-
ful reactive substances are produced. Exposure to e-cigarette
aerosols appears to have harmful effects on human health, but

INTRODUCTION

There are many unknowns and controversies surrounding

the use of electronic cigarettes (e-cigarettes; e-cigs), which

are battery-operated electronic nicotine delivery systems

(ENDS). Because they do not involve the burning of tobacco,
ENDS are considered a less harmful alternative to tobacco and

may therefore help smokers quit. E-cigarette users inhale and

exhale (“vape”) an aerosol - sometimes referred to as e-cigarette

“vapor”- produced by heating e-liquid from a tank, cartridge, or
pod to a temperature of 200-250°C, or sometimes over 300°C,
depending on the type of ENDS, its power output, and the sub-
stances in the liquid [1, 2]. The e-liquids contain nicotine, water,
propylene glycol (PG) and vegetable glycerin (VG) as solvents, as

well as various toxic chemicals, many pharmacologically active

substances, flavors and colorants [3, 4, 5].

During heating in the aerosolization process, the 2 main
components of the e-liquid, PG and VG, as well as the flavoring
chemicals, are thermally degraded; the resulting aerosols also
contain a number of hazardous substances from the e-liquids,
including formaldehyde, acetaldehyde, acrolein, propionalde-
hyde, 2-butanone, benzaldehyde, glyoxal, and hexaldehyde [6].
They also contain free radicals, nanoparticles, toxic metals
and trace elements, and metals released from metal coils [7, 8].
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itis critical that our understanding of these effects be expanded
and that data be collected on the long-term effects of the sub-
stances in e-cigarette aerosols on the human body. Data on the
various health risks associated with the use of e-cigarettes are
mainly based on in vitro studies using established cell lines or
cultured human cells, or on animal models. The substances con-
tained in e-cigarette liquids and their aerosol - including the
solvents propylene glycol and vegetable glycerin - are known
to cause organ and tissue irritation in the upper respiratory tract
when inhaled. The aim of this narrative review is to present our
current knowledge on the effects of the chemical components
of e-cigarette aerosols on the nasal cavity, trachea, bronchi, and
organs of the conducting part of the respiratory system.
Keywords: e-cigarettes; e-aerosol; chemical components; cili-
ated columnar pseudostratified epithelium.

The adverse effects of e-aerosol on human health have been
reported for many years [9, 10]. The substances contained in
the inhaled aerosol can be harmful to respiratory tissues and
organs [2,3, 4, 11].

Significantly fewer studies have been conducted on the
composition of exhaled e-cigarette aerosol, but identified con-
stituents include PG, glycerol, nicotine (Long), and aldehydes
(Samburova et al.), as well as particulate matter smaller than
2.5 um (PM 2.5) and ultrafine particles [12].

Four generations of e-cigarette devices are currently avail-
able [13, 14]. The first-generation non-refillable devices, called
“cigalikes”, are similar in shape and size to conventional ciga-
rettes and contain a battery and cartomizer. Second-generation
e-cigarette devices are larger than traditional cigarettes (the
medium size is like a pen and the large size contains a tank)
and have rechargeable batteries and a refillable tank of e-liquid.
Third-generation devices, also called “mods”, contain a battery
and allow users to adjust the flow, thickness, and volume of the
vapor. Fourth-generation e-cigarettes, known as “mod pods”, are
the most powerful and customizable e-cigarettes; they can be
recharged via USB and are more economical than traditional
cigarettes [13, 14, 15,16]. Fourth-generation devices, such as those
manufactured by JUUL, are popular with younger consumers,

which distinguishes these devices from other e-cigarettes.
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E-cigarettes are becoming increasingly popular among
young adults, particularly teenagers, for a number of reasons:
(i) many adolescents believe that e-cigarettes are safer than
traditional smoking; (ii) e-cigarettes are cheaper than other
tobacco products and can be used in places where other tobacco
products, such as cigarettes, are not allowed; (iii) the e-liquid
is often flavored with a variety of aromas, such as strawberry,
chocolate, watermelon, blackcurrant, blueberry, cherry, grape
and apple pie, which appeals to many users [17, 18, 19]. Many
teens, both male and female, consider vaping to be safer than
traditional smoking because they believe that e-cigarette aero-
sols are mostly water vapor. Use of e-cigarettes by adolescents
and young adults is a risk factor for initiation of use of other
tobacco products, such as conventional cigarettes. The use of
e-cigarettes, especially if the liquid contains nicotine, is not
safe and there is a large body of data showing that vaping actu-
ally affects younger smokers and their health. Vaping during
pregnancy, commonly reported as a means of smoking ces-
sation for expectant mothers, may be associated with health
complications in the offspring, including impaired respiratory
function [20, 21]. Inhaled and exhaled aerosols come into direct
contact with tissues and organs of the respiratory system [22].

The purpose of the current narrative review is to collect and
present data on the effects of toxic and irritating chemicals
in e-cigarette aerosols on the morphology and function of the
organs of the airway of the respiratory system. An electronic
search of the English-language medical databases MEDLINE,
Cochrane Collaboration and SCOPUS was performed using the
key words “e-cigarettes”, “vaping” and “vaping and its effects
on the respiratory system”.

NASAL CAVITY TISSUES AND EXPOSURE
TO E-AEROSOLS

The nasal cavities, together with the paranasal sinuses, are
part of the upper respiratory tract. Each nasal cavity chamber
is divided into 3 regions: (i) a nasal vestibule, lined by skin and
covered with stratified squamous epithelium that becomes
pseudostratified posteriorly, characteristic of the next region;
(ii) the respiratory region, with respiratory mucosa lined by
a ciliated, pseudostratified columnar epithelium; (iii) the
olfactory region, lined by olfactory mucosa and containing
the olfactory epithelium and glands. The underlying lamina
propria consists of connective tissue. These last 2 regions con-
tain various types and densities of blood and lymphatic vessels,
nerves, mucus with serous demilunes and serous (Bowman’s
or olfactory) glands, and cells including fibroblasts, mast cells,
neutrophils, macrophages, and extracellular matrix. The air-
way mucosa also contains a variety of lymphocyte populations
thatreside in the airway epithelium (lymphoepithelium) and
lamina propria and are involved in mucosal immunity [23]. The
pseudostratified columnar ciliated epithelium, also called the
respiratory or airway epithelium, acts as a physical barrier
and first line of defense against invading pathogens, where it
cooperates with immune cells to maintain homeostasis [24].
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The surface epithelium of the nasal mucosa is often the first
tissue to come into direct contact with various inhaled toxi-
cants, including those present in e-cigarette aerosols. Users
of e-cigarettes inhale these through the mouth and typically
exhale through the nostrils. The inhaled and exhaled aerosol is
likely to contain toxins and other harmful substances. The first
case of a 26-year-old man with traumatic refractory bilateral
epistaxis after vaping was described in 2017 [25]. The patient
started regularly vaping different flavors of e-cigarettes after
quitting smoking 1 month before. The authors reported that
the incident was caused by a combination of the drying effect
of the aerosol and the effect of the irritant chemicals it con-
tained [25]. In addition, exhalation of the aerosol can dry out the
nasal mucosa, sometimes causing nosebleeds. Other authors
reported a nosebleed in one participant in a small (9 person)
group of ENDS users recruited from users of supported tem-
porary homeless accommodation in Ireland [26]. However,
the association between vaping and nosebleeds has not been
proven, suggesting that it may be an incidental adverse effect.

Both inhaled and exhaled e-cigarette aerosols contain many
toxicants and irritants and may be harmful to nasal tissues and
mucosal immunity. Changes in immune-related gene expression
in epithelial cells of e-cigarette users, obtained from superficial
scraping biopsies of the epithelium in the lower surface of the
middle nasal turbinate of e-cigarette users, were evaluated.
Total profile gene analysis revealed that exposure to e-cigarette
aerosol decreased the expression of a large number (597) of
immunology-related genes, which could affect the metabolism
of epithelial cells and disrupt immune health in this upper part
of the respiratory tract [27].

[tis noteworthy that the impairment of nasal mucosal immune
response in e-cigarette users may make users more susceptible
to infections and alter the antiviral host defense response. In
the study by Rebuli et al., volunteers of both sexes - all second-
or third-generation e-cigarette users - were vaccinated with
live attenuated influenza virus to assess their innate immune
response to infection. Nasal epithelial lining fluid, nasal lavage
fluid, and nasal scraping biopsy specimens were collected from
the participants and analyzed for cytokine and chemokine levels,
influenza-specific IgA, immune gene expression, and markers
of viral load. The study showed that after inoculation, the nasal
immune response was altered under the influence of e-cigarettes,
and immune-regulated gene expression was downregulated;
there were altered levels of cytokines (regulating antiviral host
defense responses) and chemokine release (regulating monocyte
recruitment and activation), while the level of IgA in e-cigarette
users remained unchanged. These results show that e-cigarettes
have a deleterious effect on nasal mucosal immunity and suggest
that vaping may increase the risk of suppressed host defense
functions during viral infections [28].

In addition, the inflammatory response of nasal and throat
epithelial cells induced by exposure to e-cigarette vapor caused
an influx of immune cells. Under physiological conditions, acti-
vated tissue macrophages participate in phagocytosis and
release proinflammatory cytokines, leading to the differen-
tiation of B cells and T cells that participate in downstream

81



Pawet Szumilas, Kamila Szumilas, Aleksandra Wilk, Alicja Zawislak, Beata Karakiewicz

signaling mechanisms. Exposure to e-vapor may also result in
the release of elastase and matrix metallopeptidase-9, as well
as various cytokines and chemokines by neutrophils. Cytokines
and chemokines can activate signaling pathways, resulting in
inflammation and apoptosis of epithelial cells by neutrophils.
The cells release -defensins with antimicrobial activity and
participate in initiating an inflammatory response. In addi-
tion, exposure of nasal epithelial clone 1 to vapor results in
decreased synthesis of short palate lung and nasal epithelial
clone 1 (SPLUNC1) protein, a multifunctional innate defense
protein that induces innate immunity [5, 29, 30].

To evaluate the effects of vaping on sinonasal symptom scores
and mucociliary clearance (MMC), a prospective, randomized,
single-blind clinical trial was conducted [31]. After 3 months of
vaping, the Sino-Nasal Outcome Test-22 (SNOT-22) and saccha-
rin transit time for MCC were assessed in e-cigarette users. The
results indicated that e-cigarettes had adverse effects on both
sinonasal symptoms and MMC [15, 31].

To evaluate the effects of e-cigarette aerosol exposure on the
morphology and metabolism of epithelial cells and its poten-
tial adverse effects on nasal tissue structure, an experimental
in vitro study was conducted using engineered human nasal
mucosa. Epithelial cells were isolated from nasal biopsies and
fibroblasts were isolated from the underlying tissue. Histologic
and morphologic changes were observed in nasal epithelial cells
after exposure to e-cigarette nicotine-free and nicotine-rich
aerosol (eGo e-cigarette device), including reduced cell density,
increased cell size, faint nuclei, and a significant reduction in
the number of viable cells - as confirmed by increased lactate
dehydrogenase (LDH) activity as a marker of cell death - com-
pared to the control. Similar effects were observed in engi-
neered human nasal mucosa. In the tissue model, significant
disorganization of structure was observed as non-stratified
layers and large epithelial cell size. The changes were worse
in the tissue exposed to the nicotine-free aerosol. In addition,
epithelial cells in the nasal tissue model were activated by
e-aerosol to produce pro-inflammatory cytokines such as inter-
leukin-6 (IL-6), interleukin-8 (IL-8), tumor necrosis factor-
alpha (TNF-a), and mitochondrial pyruvate carrier 1 (MPC1)
at higher levels than the control, which may indicate impaired
function of the innate immune system [32].

The study by Song et al. showed that e-cigarette aerosols
with higher nicotine concentrations induced mRNA expression
and protein production of mucin-5AC (MUC5AC; gel-forming
glycoprotein) but not mucin-5B (MUCs5B; oligomeric mucus/ gel-
forming) in cultured human nasal epithelial cells and NCI-H292
cells (airway epithelial cells). Both - MUC5AC and MUC5B -
are glycoproteins that regulate the viscoelastic properties of
airway mucus. These properties can be disrupted and alter
mucin production [33].

In a similar study by Kwak et al., the effects of exposure
of human nasal epithelial cells to glyoxal and methyloglyoxal
(the most toxic components of e-aerosols) on proinflammatory
cytokines and MUC5AC/MUCS5B expression and signaling path-
ways were determined. Both toxicants stimulated the synthesis
of proinflammatory cytokines interleukin-1 beta (IL-18) and IL-6
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and increased MUC5AC/MUCS5B expression via extracellular
signal-regulated kinase 1/2 (ERK1/2), mitogenactivated pro-
tein kinase (p38 MAPK) and nuclear factor kappa beta (NF-«B)
signaling pathways. Exposure did not affect the morphology or
viability of cultured cells, but impaired mucin secretion [34].

The effects of cigarette smoking on odour in humans are
well documented [35, 36]. It would be expected that long-term
exposure to e-cigarette aerosols could cause olfactory dysfunc-
tion, including a reduced sense of smell. However, there are
no documented data on the effects of e-cigarette use on olfac-
tory epithelial function. In the study by Majchrzak et al., the
odor perception of cigarette smokers and e-cigarette users com-
pared to nonsmokers was estimated using the Sniffin’ Sticks
odor threshold (T), discrimination (D), and identification (I)
tests. The composite score of Discrimination Threshold Iden-
tification (TDI) was then calculated. The results indicated that
there was no negative effect of e-cigarette use on olfactory
perception, in contrast to cigarette smokers [37].

There have also been studies in rats suggesting that expo-
sure to e-cigarette aerosol for weeks can cause metaplasia and
hyperplasia of the laryngeal mucosa, but the results were not
statistically significant [15, 38]. However, this was a short-term
experiment and the lesions or real consequences may not have
had time to develop.

EXPOSURE OF THE TRACHEA AND BRONCHIAL
TREE TO E-CIGARETTE VAPOR

The trachea serves as a conduit for air, and its wall contains
amucosa lined (as in the upper part) by ciliated, pseudostrati-
fied, columnar respiratory epithelium with an underlying lamina
propriarich in elastic fibers; the submucosa has connective tissue
and a mucus-secreting submucosal layer with serous demilunes.
Both layers are composed of diffuse lymphatic tissue. The submu-
cosal layer connects to the perichondrium of the C-shaped tracheal
hyaline cartilages, between whose free ends fibroelastic tissue
and smooth muscle are found. The final layer, the adventitia, con-
nects the trachea to adjacent structures along its course (Fig. 1).

1-epithelium; 2 - tracheal glands; 3 - hyaline cartilage

FIGURE 1. Histological structure of trachea (original photo: Department of
Histology and Embryology, Pomeranian Medical University in Szczecin, Poland)
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The trachea divides into a number of branches: primary bron-
chi, lobar secondary bronchi and segmental tertiary bronchi. The
structure of their walls is similar to that of the wall of the trachea,
but the cartilage forms cartilaginous plates of irregular shape.
Along with the decrease in bronchial size, the cartilaginous plates
are smaller and less numerous; neither cartilaginous plates nor
glands are present in the wall of bronchioles [39]. The bronchial
wall is rich in bronchial-associated lymphoid tissue (Fig. 2). The
trachea and bronchi are in direct contact with the environment,
and their exposure to e-cigarette vapor may have harmful effects.

1-glands; 2 - plate of hyaline cartilage; 3 - BALT

FIGURE 2. Histological structure of bronchus: 1- glands; 2 - plate of hyaline
cartilage; 3 - bronchus-associated lymphoid tissue - BALT (original photo:
Department of Histology and Embryology, Pomeranian Medical University
in Szczecin, Poland)

Numerous in vitro tests have been developed to assess the
effects of various inhaled environmental factors on cell viabil-
ity, cytotoxicity, and genotoxicity with the goal of predicting
potential respiratory tissue irritation in vivo; however, there
are no standards for determining in vitro the effects of chemi-
cals released during heating of e-fluid to e-aerosol. New in vitro
techniques are needed to analyze different types of e-aerosols.
Several tissue models are currently being used as effective tools
for understanding complex physiological processes under in
vitro conditions. The primary animal models used to assess the
hazard and risk to humans of inhaling environmental chemicals
and those released from e-cigarettes are rats and mice [40, 41,
42]. Recently, an alternative method using 3-dimensional (3D) in
vitro tissue models has been used to assess inhalation toxicity.

An EpiAirway 3D tissue model, which provides a fully differ-
entiated in vitro reconstruction of the primary human tracheo-
bronchial epithelium, was used by Neilson et al. to study the direct
toxicological response of the tissue to environmental stimuli. In
the experiment, the reconstructed tissue was exposed to acute
continuous cigarette smoke and e-aerosol. The results showed
that exposure to e-aerosol did not result in a decrease in tissue
viability, compared to the effects of conventional smoke [43]. How-
ever, a limitation of the study was that although acute continu-
ous cigarette smoke exposure was used, exposure to e-aerosol
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was short-term; long-term exposure might be expected to yield
different results.

An in vitro model of human bronchial epithelium (MucilAir)
was used to study the effect of e-cigarette aerosols on tracheal
epithelial integrity, mainly in terms of barrier resistance. The
cells were derived from primary human cells isolated from
human bronchial tissue obtained from 3 donors. The research-
ers described a new system of their own development useful
for studying the tissue response of human airway epithelium
to inhaled smoke, e-aerosols, and various environmental pollut-
ants. The experiment used an organic electrochemical transistor
to measure the barrier resistance at the air-liquid interface (ALI).
Cultured epithelial cells were briefly exposed to an elevated con-
centration of e-aerosol generated by heating an e-liquid contain-
ing PG, VG, and nicotine. Exposure of MucilAir cells to e-aerosol
had negative effects on ALI and was capable of producing cyto-
toxic effects [41].

The same ALI system was used by Noél et al. to study the
effects of exposing human bronchial epithelial (HBE) cells (H292)
to either butter-flavored or cinnamon-flavored e-cigarette aero-
sols (third-generation devices) for 2 h per day for 1 or 3 consecu-
tive days. The e-cigarette aerosols were generated under “sub-
ohm” (<0.5 Q) or regular vaping conditions (resistance >1Q and
voltage >4.5 V), and the cells were exposed to the aerosol at the
ALL The data showed that aerosols produced with the butter
flavored liquid under sub-ohm conditions were characterized
by high levels of carbonyls such as formaldehyde, acetaldehyde,
and acrolein. Both types of aerosols affected the morphology
and function of H292 cells. Exposure exerted significant cyto-
toxic effects and decreased integrity of tight junctions between
epithelial cells (apoptosis and cell necrosis) was observed. The
production of reactive oxygen species was also increased. At the
molecular level, exposure led to dysregulation of gene expres-
sion in HBE cells, such as downregulation of genes associated
with biotransformation, inflammation, and oxidative stress. It
has also been documented that oxidative stress is involved in
toxicity processes in cells exposed to cinnamon-flavored e-cig-
arette aerosol [44].

The devices with the sub-ohm coil have lower resistance and
are able to deliver more power than other types of e-cigarettes,
producing a larger cloud and stronger flavors, making them
especially attractive to the younger user population. Sub-ohm
devices are designed to work with lower levels of nicotine in
e-liquids, but with a higher ratio of VG to PG. Volatile aldehyde
emissions and e-liquid consumption in sub-ohm vaping prod-
ucts with 3 different configurations of 0.15 Q coils (dual, quad-
ruple, and octuple) were measured in the study by Cancelada
etal. There were no significant differences between carbonyl
emission levels and coil resistance or configuration. In addition,
the results were compared to the carbonyl emission levels of
e-cigarettes with lower tank systems and the lower emission
levels found in sub-ohm devices [45]. The e-cigarette aerosols
produced by heating the liquid in different types of devices con-
tain many harmful toxins and chemicals, the effects of which
on human health from short- and long-term exposure have not
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yet been fully established. It should also be noted that many
chemicals, including aldehydes, persist in indoor air.

The respiratory epithelial model, EpiAirway, established
using primary cells from a disease-free, non-smoking donor,
was used in an experiment by Czekala et al. in which the tissue
was exposed to conventional cigarette smoke and e-aerosol
with and without blueberry flavoring. It was shown that expo-
sure to e-aerosols with and without flavoring did not affect
tissue morphology or function compared to air-exposed tis-
sues [46]. Similar effects were observed in another study using
a 3D organotypic model of human airway epithelium (MucilAir,
Epithelix) in which tissues were repeatedly exposed to smoke
from a 3R4F reference cigarette and its nicotine-rich e-aerosol
at the ALI for 4 weeks. There were no significant changes in
morphology or function, such as levels of proinflammatory
mediators, cilia beating, barrier integrity, or cytotoxicity, com-
pared to air controls [47].

Conventional cigarette smoking has a well-documented asso-
ciation, including with chronic bronchitis and other diseases, and
acquired ion transport abnormalities have been considered as
potential mechanisms for mucus obstruction in respiratory tis-
sues [48, 49]. Although e-cigarettes are considered a healthier
alternative to traditional smoking, it is now known that they
may have adverse effects on the respiratory system [11].

The study by Lin et al. sought to determine whether e-ciga-
rette vapor could disrupt ion transport in the airway epithelium,
which is associated with chronic bronchitis. Primary HBE cells,
isolated from tissue from donors with no disease affecting ion
transport, or Calu-3 (American Type Culture Collection) cells
were used in the experiment. Both cell types - Calu-3 and HBE
passages 1-2 - were cultured at the ALI until full differentiation.
The e-aerosol was prepared from Red Oak Domestic e-cigarette
liquid containing nicotine. Exposure of Calu-3 cells to e-aerosol
reduced chloride transport, but this effect was not observed after
exposure of the cells to e-liquid. It was shown for the first time
that e-cigarette vapor could exert a dose-dependent inhibitory
effect on chloride anion transport through the cystic fibrosis
transmembrane conductance regulator (CFTR). The effect was
not associated with alteration of monolayer integrity or cell
viability, although such effects were observed when cells were
exposed to the e-aerosol for 60 min. Exposure of primary HBE
cells to e-aerosol also inhibited the epithelial sodium channel
(ENaC) in a dose-dependent manner. After 5 min, the activity
of the ENaC was reduced by 95.8% in primary HBE cells. These
effects were observed after exposure to the e-aerosol, indicat-
ing that vaporization of the e-liquid is required to induce ion
transport dysfunction. During heating of the e-aerosol, acrolein,
a simple unsaturated highly reactive aldehyde, is released among
avariety of thermal degradation products [50]. Thus, ion channel
dysfunction in the airway epithelium may be partly controlled by
acrolein, which can modify specific amino acid residues on CFTR
and inhibit channel gating [50, 51]. Thus, some toxic chemicals,
such as acrolein, released from the e-liquid as thermal degra-
dation products, may lead to bronchial and lung disease with
chronic use of e-cigarettes.
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The study by Chung et al. used human cultured cells and
anovel in vivo animal model to determine the effects of nico-
tine-containing e-aerosols on airway mucociliary function. For
the in vitro experiment, differentiated HBE cells (primary HBE
cells) were isolated from donor lungs of never-smokers; for the
in vivo part, the airways of an ovine large animal model were
exposed to e-aerosol. Exposure of cultured and differentiated
HBE cells to e-aerosol at the ALI for 4 weeks reduced surface
liquid hydration and increased mucus viscosity in a nicotine
dose-dependent manner. Acute exposure of cells also increased
intracellular calcium levels. This effect is primarily dependent
ontransient receptor potential ankyrin 1 (TRPA1), a nicotine
receptor, and is controlled by inhibiting the receptor with the
selective antagonist A967079. The results of the in vitro study
were confirmed in the in vivo animal model. Exposure of ewes
to e-cigarette vapor containing nicotine also produced effects
similar to the in vitro study and dose-dependently reduced tra-
cheal mucus velocity and increased plasma cotinine (the major
metabolite of nicotine) [52]. The study showed that e-cigarette
liquid containing nicotine had detrimental effects on airway
mucociliary function under in vitro and in vivo conditions.
E-cigarette liquid and aerosol contain several other toxic and
irritating substances that may have similar adverse effects.

Like conventional smoking, e-cigarette use may affect gene
expression. In the study by Corbett et al., bronchial airway epi-
thelial cells obtained during fiberoptic bronchoscopy with an
endoscopic cytobrush from: (i) current smokers, (ii) current
e-cigarette users who are former smokers, and (iii) former
smokers were included in the experiment to assess the effect
of e-cigarette aerosol and smoke on the gene expression profile.
For all genes examined in bronchial epithelial cells, e-cigarette
users were found to have altered gene expression profiles more
comparable to former traditional smokers. However, there
was a group of genes in e-cigarette users whose expression
was altered specifically in the subjects. The data may indicate
that e-cigarette use by former cigarette smokers may lead
to a change in the expression of new genes in the airway epi-
thelium and that this may also affect epithelial function [53].

Bronchial epithelial cells (Lonza Human Bronchial Epi-
thelial Cells) were used to study the effects of exposing the
cells to 3 e-liquid apple flavors, nicotine, PG and VG. Expo-
sure to e-cigarette aerosol had a cytotoxic effect and induced
increased necrosis and apoptosis of cultured bronchial epithe-
lial cells. In addition, macrophage function was impaired, with
decreased efferocytosis via a reduction in the expression of
the efferocytic receptor - CD36 (a macrophage apoptotic cell
receptor). E-cigarette vapor also impaired the secretory func-
tion of bronchial epithelial cells, as reflected by the inhibition
of the release of inflammatory cytokines such as TNF-q, inter-
feron-gamma-inducible protein 10 (IP-10; CXCL10), macrophage
inflammatory protein-1 alpha (MIP-1a), and macrophage inflam-
matory protein-1beta (MIP-12). However, different components
of the e-cigarette extract, cigarette smoke extract, and three
tested flavors were able to reduce the release of different types
of cytokines, resulting in changes in cell function of bronchial
epithelial cells [54]. The same researchers conducted similar
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studies in which human bronchial epidermal cells (16HBE cells),
normal human bronchial epithelial (NHBE) cells, and alveolar
macrophages from healthy donors were exposed to an e-aero-
sol of ten different flavored e-liquids. Bronchial epithelial cell
viability and apoptosis, as well as phagocytosis of bacteria and
apoptotic cells, were assessed. A flavor-dependent increase in
apoptosis and necrosis of 16HBE cells was observed; NHBE cells
also showed high sensitivity to different flavors. The phagocytic
activity of alveolar macrophages was also altered in a flavor-
dependent manner, and the secretory activity in the release of
cytokines by NHBE cells and macrophages was also altered [55].
This study suggests that flavors in e-liquids may play a key
role in altering bronchial epithelial morphology and alveolar
macrophage function and phagocytic activity.

CONCLUSIONS

Limited long-term human data are available to assess the physi-
ological and pathophysiological consequences of e-cigarette
use and exposure to inhaled and exhaled e-cigarette aerosol
and to determine the actual impact of the use of such devices
on human health. Toxicological analyses indicate that the aero-
sols produced by e-cigarette devices contain harmful chemi-
cals atlevels that could cause short-term health effects, but the
potential long-term effects have not been adequately studied.
In addition, chemicals in e-cigarette aerosol have been found
to persist indoors, making second-hand exposure a health
concern. Respiratory organs and tissues are the first to be
exposed to e-aerosols, which can cause biochemical, morpho-
logical, and functional adverse effects in airway epithelial cells,
as documented in in vitro and in vivo studies. Diseases of the
airways may be associated with mucus hypersecretion, such
as the major pathophysiological features of chronic bronchitis
and chronic obstructive pulmonary disease. Thus, the mucus
on the surface of the airway epithelium plays a very important
and even key role in the proper functioning of the epithelium.
As the use of electronic cigarettes and their rapid increase in
popularity has public health implications, e-cigarette users
should be studied holistically, especially younger groups of
addicted and experimental users.
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