Hayka u 3apaBooxpanenue, 2025 T.27 (4) 0030p JAuTEPATYPHI

Received: 02 April 2025 / Accepted: 29 July 2025 / Published online: 29 August 2025

DOI 10.34689/SH.2025.27.4.020 This workls lownsed under
BY International License

UDC 616.24

PATHOLOGICAL CHANGES IN LUNG TISSUE UNDER
THE INFLUENCE OF ELECTRONIC CIGARETTES.
LITERATURE REVIEW.

Ugilzhan B. Tatykayeva, https://orcid.org/0000-0002-7519-479X
Albina A. Abdullayevat, https://orcid.org/0009-0008-4359-0617
Karlygash Zh. Sadykova1, https://orcid.org/0000-0001-8623-2539
Saulesh A. Apbassovaz?, https://orcid.org/0000-0001-6650-4971
Madina M. Apbassovaz?, https://orcid.org/0000-0003-3215-1076
Gulnaz O. Nuskabaeva, https://orcid.org/0000-0003-2139-3221
Nursultan S. Nurdinov, https://orcid.org/0000-0001-5341-7211

1 Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkestan, Republic of Kazakhstan;
2NCJSC «Semey Medical University», Semey, Republic of Kazakhstan.

Abstract

Background: Electronic cigarettes (e-cigarettes) have gained substantial popularity worldwide, particularly among
adolescents and young adults. Their aerosols contain nicotine, flavoring agents, propylene glycol, glycerol, and thermal
degradation by-products capable of reaching the distal airways and inducing inflammatory, fibrotic, and potentially
precancerous alterations. Coordinated public health measures are necessary to mitigate the global burden of e-cigarette—
related respiratory disease.

Aim: To synthesize current evidence on morphological changes in lung tissue following exposure to e-cigarette aerosols.

Search strategy: A literature review was conducted using PubMed, Scopus, Google Scholar, and e-Library databases
for studies published between from 2015 to March 2025. Search terms included “electronic nicotine delivery systems,”
“vaping,” “lungs,” “morphology,” and “oxidative stress.” Eligible publications comprised systematic reviews and original
research in English and Russian.

Results: Data analysis revealed a marked increase in e-cigarette use over the last decade. Given the direct inhalation
route, pathological changes predominantly occur in lung tissue, including acute epithelial injury, chronic inflammation, and
fibrotic remodeling.

Conclusions: E-cigarette aerosols exert deleterious effects on the respiratory system, with potential mechanisms
involving oxidative stress, pro-inflammatory cytokine activation, and suppression of DNA repair. Further morphological and
immunohistochemical studies are warranted to elucidate long-term pulmonary consequences.
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AkTyanbHOCTb. B COBpPEMEHHOM MWpe 3MEeKTPOHHbIE CUrapeTbl, UMK BeWMbl, CTanbl OYeHb MOMyNApHbIMU, 0COBEHHO
cpeau nuu Monoaoro Bo3pacta. A3po30nb 3MEKTPOHHBIX CUrapeT COAEPXMT HUKOTWH, apoOMaTM3aTopbl, NPOMUIEHTTIMKON,
[MULEPUH 1 NPOAYKTbI TEPMUYECKOro pasroXeHusi, CnocobHble NpoHWKaTb B rnybokue OTAENbl NEerkux W CrnocobHb
BbI3blBaTb BOCMANWTENbHbIE M AaXe npeapakoBble M3MEHeHus. MexayHapogHble W HauWOHambHble yeunus no
NpodUNaKTIKe KyPEHWUS ANEKTPOHHBIX CUrapeT HEeOOXOAUMbI A71S CHYKEHWS 3aB0neBaeMoCT U CMEpTHOCTH OT BonesHen
ObIXaTemnbHO CUCTEMBI BO BCEM MUPE.

Llenb uccnepoBanus: 0606LWMTb JaHHbIE O MOPCONOrNYECKNX M3MEHEHWSIX B NErOYHONM TKAHW, BbISBMEHHBIX NPy
BO3LENCTBIN a3p030Ms 3NEKTPOHHbIX cUrapeT

Crtpateruss noucka: Mobl npoaHanuaupoBamu cucTemMaTuyeckne 00630pbl W OpUrMHambHbIE UCCNEAoBaHUs C
MCMONb30BAHNEM MEXAYHAPOAHBIX aHrMo- U PYcCKosi3bluHbIX 6a3 AaHHbIX, BkMtovas PubMed, Scopus, Google Scholar
eLibrary. Mowuck oxeatbiBan nybnukaumm ¢ 2015 no mapt 2025 roga n nNpoBOAUNCS C UCNONb30BAHWEM KIHOYEBbIX CIIOB:
«3NEKTPOHHbIE CUCTEMbI AOCTABKM HUKOTUHAY, «BEMMUHM, «NETKMEY, «MOPAONOrusi», N «OKCUOATUBHbINA CTPECCY.

PesynbTtatbl: AHanua nutepaTypbl NO3BONWN CAENaTh BbIBOAbI O 3HAYNTENBHOM POCTE YNOTPeBneHNs SNEeKTPOHHbIX
curaper 3a nocrnegHee fecatuneTie. YuntbiBas YTO adpo30MnM 3NEKTPOHHbIX CUrapeT nonajatoT CHavana B AblXaTenbHyio
CUCTEMY, OCHOBHbIE NOBPEXAEHUS HabnogakTCs B NEroYHON TKaHMW.

BbiBoabl: [poBeAeHHbI HamMu 00630p Hay4HOW NMTEpaTypbl yKa3blBaeT Ha HeraTMBHOE BNWsHWE YnOTpebneHus
SMEKTPOHHbIX CUrapeT Ha AblXaTembHY CUCTEMYy, BKIOYas OCTpble MOBPEXAEHUS, XPOHWYECKME BOCMANMTENbHBIE W
(h1BpPO3HbIE N3MEHEHNS B NETKUX. BO3MOXHBIMM MONEKYNSPHBIMA MEXaHWU3MaMi NOBPEXAEHUS SBNSIOTCS OKCUOATUBHBIN
CTPECcC, aKTMBaLMs NPOBOCMAnMUTENbHbIX LMTOKMHOB, nopaeneHne penapaumn [HK. MoguepkusaeTcs HeobxogumocTb
[anbHenWmx Mopdonornyeckmx 1 MUMMYHOTUCTOXMMWUYECKUX WCCNELOBaHUA ANt OLEHKM AOMNrOCPOYHbIX NOCNeAcTBUiA
MCMOMNb30BaHUS NEKTPOHHbIX CUrapeT.

Knrouesble cnoea: anekmpoHHble cucmembl docmasku HUKOMUHa, eelinuHe, néakue, mMopghomoeusi, socnaneHue,
¢hubpos, okcudamusHbIli cmpecc.
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©3eKTiniri. Kasipri yakblTTa aNekTpoHAbIK TEMeKInep HeMece BelnTep, acipece xacTap apacbiHaa, KEHHEH TapanFfaH.
ONEKTPOHbIK TEMEKIHIH, a3po3oni HUKOTUHAI, XOLW WiCTeHAipriuTepai, NPONUNEHIMUKONbAI, MMULEPUHAT XaHE XKbINyIblK,
bioblpay eHiMAepiH KamTuabl, onap ekneHiH, TepeH, BenimaepiHe eHin, kabblHy XaHe TinNTi 0OblpFa AeliHri e3repicTep
TyabIpybl MyMKiH. [lyHuexysinik fenreidfie TbiHbIC any Xy#eci aypynapbiHbiH, CbIpKATTAHYLLUbIMbIFLIH XoHe eniM-XiTiMiH
TOMEHZETY YLUiH SMEKTPOHIbBIK, TEMEKI LUETYAiH, angblH anyra OarbiTTanFaH xanbikaparbik XaHe yNTTbIK Lapanap KaxeT.

3epTTey MakcaTbl: OnEKTPOHAbIK TeMeki adpOo30NiHiH, 9CEepiHEH aHbIKTanFaH ekne TiHiHaeri MopdoNorusnbIK,
e3repicTep XeHiHAer ManiMeTTepAi XuHakTay.

I3gey ctparteruscbl: PubMed, Scopus, Google Scholar xaHe eLibrary cuskTbl xanblkapanblk afbiflblH- XaHE OpbIC
TiniHgeri fepektep 6asacbiH nanpanaHa OTbIpbIM, XXyAeni Womnynap MeH TymHyCKa 3epTTeynep Tangavgbl. I3gey 2015
XbingaH 2025 XbingblH, MapT aiiblHa OENiHri apusnaHbiMoapabl KaMTbiabl XoHe Keneci KiNT Ce3aep KonaaHbingbl:
«HWKOTUHA KETKI3yre apHasFaH SNeKTPOHABIK XKynenepy, «BENNMUH, «eKney, «Mopgonorusy, «OKCUOaTUBTIK CTPECC.

Hatwxenep: 94ebneTtepai Tanaay CoHfbl OH XbINAbIKTa ANEKTPOHAbIK TEMEKiHI KONAaHyAblH, aTaprbiKTalk ecKeHiH
KepCeTTi. DNEKTPOHAbIK TEMeKi aspo30ri angbIMEH ThIHbIC any XyNeciHe TyCeTIHAIKTEH, Heriari 3akbIMaaHynap ekne TiHiHae
Bankanagpl.

KopbITbIHAbINAP: FbifbiMW 24e0MeTTEpre XyPrisinreH Loy SNEeKTPOHABIK, TEMEKi KONAaHyAblH, ThIHbIC any XyheciHe
Tepic acepiH KepceTesi, OFaH Xefen 3akbiMaaHynap, co3blnMansl kabbiHy xaHe ekneaeri pubpo3ablk, esrepicTep xaTaibl.
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3aKkbiMZaHyOblH, bIKTUMAnN Morekynanblk MexaHusmaepi — OKCWAATMBTIK CTpecc, KabblHyfa Kapcbl LWTOKMHOEPMH,
Bencenyi, HK penapaunsicbiHblH, TEXenNyi. INeKTPOHObIK, TEMEKIHI KonAaHydblH, y3ak, Mep3iMai cangapblH Garanay yLuiH
MOPONOTUSANbIK XaHe UMMYHOrUCTOXMMUSANBIK 3epTTEYNepi XanfacTblpy KKETTINIr atan eTineai.

TyliiHdi ce3dep: HUKOMUHOI Xemki3yae apHanFaH 3nekmpoHObIK Xylienep, gelinuHe, ekne, Mopghonoaus, KabbiHy,
¢hubpo3s, okcudamusmik cmpecc.
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Introduction Key reasons for the active spread of vaping among

In the modern world, the frequent use of electronic ~ young people include the perception of e-cigarettes as
cigarettes (e-cigarettes) and vaping devices has become  fashionable, high-tech accessories, as well as the
commonplace, especially among adolescents and young  widespread belief that they are less harmful than traditional
adults. In 2011, there were approximately 7 million users  tobacco products. Additionally, such devices are often used
worldwide; however, this number steadily increased to 68  as a means of reducing dependence on conventional
million in 2020, and by 2021 it had already reached 82  cigarettes during smoking cessation attempts [14].
million adult users [1; 16]. Search strategy: A comprehensive literature review

Survey data on e-cigarette users were available for ~ was conducted using international English- and Russian-
49 countries, covering 2.8 billion adults, but were language databases, including PubMed, Scopus, Google
unavailable for another 2.9 billion. Given that information ~ Scholar, and elibrary. The search strategy covered
on vaping was provided for only half of the world’s  publications from 2015 to March 2025, using the keywords
population, it can be assumed that the actual number of  “electronic nicotine delivery systems,” ‘“vaping,” “lungs,”
e-cigarette users is significantly higher. Moreover, the ~ “morphology,” and ‘“oxidative stress.” Articles were
pronounced annual growth rate raises concerns  systematically analyzed, and 42 studies meeting predefined
regarding their adverse effects on the respiratory system  criteria were selected for in-depth analysis from the
and other organ systems [1; 16]. PubMed database (Figure 1).

Identification
Records identified through database searching
(PubMed, PMC, Scopus, Google Scholar, and e-Library): n = 164
Additional sources (manual search): n =15

v

Screening
After duplicates removed: n = 144

Excluded by titles/abstracts: n = 81

Eligibility
Full-text articles assessed for eligibility: n = 63
Excluded for reasons: n = 21

\Z

Inclusion
Original articles in Russian and English, meta-analyses and reviews, studies with
clinical morpholoav (biopnsv/autopsv/BAL). experimental studies from 2015-2025: n = 42

Figure 1. Selection table of articles included in the analysis.

Inclusion criteria: original articles in Russian and During the preparation of this review, we focused on
English, meta-analyses, and reviews; both clinical  relevant publications from recent years in order to provide a
morphological studies and experimental animal research  current understanding of issue. Despite this limited

assessing morphological changes in lung tissue. literature, our analysis has allowed us to identify key trends
Exclusion criteria: articles without full text, duplicate  and gaps in existing knowledge.
publications, or studies lacking relevant abstracts; articles Discussion
exclusively focused on conventional smoking. Global and Regional Trends in E-Cigarette Use
The number of publications directly related to the topic In recent years, the use of e-cigarettes and vaping
under study is relatively limited. In preparing this review we ~ among the general population has been growing rapidly.
have only included sources from international databases, According to the Global Youth Tobacco Survey (GYTS),

which explains the relatively small number of sources.  conducted in 68 countries from 2012 to 2019, the average
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prevalence of e-cigarette use in the past 30 days among
adolescents aged 12-16 years was 9.2%, with the lowest
rate recorded in Kazakhstan (1.9%) and the highest in
Guam (33.2%) (Figure 2) [32].

The latest GYTS data for Kazakhstan (2018) report that
approximately 3.1% of adolescents aged 11-15 had used

In Europe, according to a review encompassing data
from 75 countries, the average prevalence of e-cigarette
use among adolescents aged 13-15 years was 10.9%,
while 20.2% had tried them at least once [31]. Rates
varied widely, from 5.5% in Serbia to 41.4% in Monaco [2].
In England, up to 30% of 15-year-old girls had used e-

e-cigarettes in the past month, with 4.6% among boys and  cigarettes, compared with an EU average of
1.6% among girls. Additionally, 9.4% had tried e-cigarettes ~ approximately 21% [41].
at least once [17].

60,0 55,0

50,0 45,0

40,0

) 35,0
32,0 31,0 33,0
30,0 27,0 28,0 25,0
20,0 17,0
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10,0 ’ 6.0 7,0
|
0,0
: . & Q) o \of N P 2
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m Use in the past 30 days (%) = Ever tried (%)
Figure 2. Prevalence of e-cigarette use among adolescents (GYTS) [32].
In the United States, the 2024 National Youth Tobacco Toxic substances identified in aerosols include

Survey (NYTS) reported that 5.9% of middle and high school ~ acenaphthylene,  acetone,  benzene, formaldehyde,

students had used e-cigarettes in the past 30 days. Of these,
38.4% used the device on =20 days per month, and 26.3%
used them daily [34]. Among older cohorts, the rates were even
higher: among high school students who had ever tried vaping,
49.5% had used e-cigarettes in the past 30 days, and 22.8%
used them regularly (=20 days) [29].

Thus, despite regional differences, e-cigarettes are
currently one of the most common forms of nicotine
products among adolescents. These trends require special
attention, as vaping is associated with the risk of developing
a range of pathological changes in the respiratory system,
including acute and chronic lung injury.

Composition of E-Cigarette Aerosols

E-cigarettes are portable devices that heat and vaporize
liquids, allowing the user to inhale aerosols [12]. The liquid
typically consists of propylene glycol, glycerol, flavorings,
and—most often—nicotine [19]. In some cases, the liquid
may contain tetrahydrocannabinol (THC), the primary
psychoactive compound of cannabis.

When heated, the liquid produces an inhalable aerosol.
Studies have shown that e-cigarette aerosols contain heavy
metals and volatile organic compounds, which may
originate from both the liquid and the metallic heating
elements of the device. Notably, except for cadmium, metal
levels in e-cigarettes often exceed those in conventional
tobacco products.

nitrosonornicotine,  and  specific  tobacco-specific
nitrosamines. The long-term effects of these components
on human health remain incompletely understood and are
the subject of ongoing research [8; 24].

The composition of aerosols varies considerably
depending on the manufacturer, device brand, and liquid
source. This is especially relevant for homemade mixtures
or products purchased on the illicit market, including online
sources. E-cigarettes are also frequently used to inhale
psychoactive ~substances, most commonly THC and
cannabidiol (CBD) oils, but sometimes also hazardous narcotic
compounds such as synthetic cathinones, cocaine
(benzoylmethylecgonine), GHB (gamma-hydroxybutyric acid),
heroin, fentanyl, MDA, MDMA, and methamphetamine [4; 28].

Acute Lung Injury (Clinical Studies)

Since the early 2010s, e-cigarettes and vaping devices
have been actively promoted as a less harmful alternative
to conventional smoking. However, as early as 2014,
experts from the World Health Organization (WHO) warned
that the level of scientific evidence regarding their safety
and their effectiveness in combating nicotine addiction
remained insufficient. The WHO officially stated that
electronic devices cannot be considered a safe replacement
for conventional cigarettes [40].

As these devices gained popularity, studies began to
emerge that questioned their relative harmlessness. For
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example, in May 2019, results from an in vitro laboratory
experiment showed that exposure to aerosols from
smokeless devices (such as IQOS) exerted a negative
impact on lung epithelial cells, comparable to the harm
caused by tobacco smoke [30].

Particular concern arose with a sharp increase in cases
of acute respiratory illness recorded in the summer of 2019
in the United States. At that time, the Centers for Disease
Control and Prevention (CDC) and the Food and Drug
Administration (FDA) reported the first cases of severe lung
injury in e-cigarette and vaping users. This condition was
later given the official name EVALI (E-cigarette or Vaping
product use-Associated Lung Injury), marking the beginning
of a new area of clinicopathological research [26].

According to CDC data, by December 2019, there had
been 2,409 confirmed cases of EVALI (also known as VAPI
— Vaping-Associated Pulmonary Injury) in the United
States. A significant proportion of these cases exhibited
severe disease, and in 52.2% a fatal outcome was
recorded. The epidemic encompassed a broad spectrum of
vaping-related lung pathologies, prompting active study of
both clinical manifestations and mechanisms of lung injury
associated with e-cigarette use [9].

In most cases, morphological and imaging findings in
vaping-associated lung injury indicate the development of
organizing pneumonia and diffuse alveolar damage
[10;11;18]. The morphological pattern varies depending on
the stage of the disease at the time of biopsy. In addition to
these common patterns, other less frequent types of injury
have been described in the literature, such as acute
eosinophilic pneumonia and diffuse alveolar hemorrhage
[11;18].

Reagan-Steiner S. et al. (2020) examined autopsy
material (n = 13) and biopsy specimens (n = 10) from
individuals with a history of e-cigarette or vaping use. Of
these, 21 cases met the criteria for EVALI, while the
remaining two were considered clinically suspected EVALI.
Histological examination revealed that all lung biopsies and
9 of the 13 autopsies demonstrated patterns of acute and
subacute lung injury, including diffuse alveolar damage or
organizing pneumonia [27].

In 2020, Mukhopadhyay S. et al. analyzed lung biopsies
from 8 patients with vaping-related lung disease.
Histological features were characterized by acute lung
injury patterns, such as diffuse alveolar damage and
organizing pneumonia, evidenced by fibrinous exudates,
hyaline membranes, fibroblastic plugs, type Il pneumocyte
hyperplasia, and interstitial organization. Notably, there
were no signs typical of exogenous lipoid pneumonia. In
isolated cases, a mild interstitial chronic inflammatory
infiltrate was observed [22].

In patients with chronic obstructive pulmonary disease
(COPD), e-cigarettes stimulate neutrophilic inflammation
and lung injury, accelerating disease progression [3; 23].

According to a 2019 study conducted in Wisconsin and
lllinois, bronchoalveolar lavage (BAL) from 43 patients
revealed lipid-laden macrophages (endogenous lipoid
pneumonia). However, this finding is nonspecific, as it can
also be observed in other conditions such as lung cancer,
pulmonary tuberculosis, and fungal pneumonia. Histological
examination of biopsy material showed mild nonspecific
inflammation, organizing pneumonia, bronchiolitis with
organizing pneumonia, acute diffuse alveolar damage,
foamy macrophages, and interstitial and peribronchiolar
granulomatous pneumonitis [20].

Most cases of lung injury were associated with products
containing THC or other cannabinoids. Biopsies revealed
nonspecific signs of acute lung injury with accumulation of
foamy macrophages, predominantly in the small airways.
Lipid-laden macrophages are often present in BAL but are
nonspecific and should not be used for definitive diagnosis.
There are no specific morphological markers for EVALI;
diagnosis requires clinicopathological correlation and
exclusion of other etiologies [5].

Thus, EVALI is diagnosed by exclusion: there must be a
documented history of e-cigarette use within the past 90
days, no alternative cause of lung injury (including
infectious, toxic, and autoimmune diseases), and
pathological changes on chest CT [10; 11; 18].

Pathomorphological ~ variants of lung changes
associated with e-cigarette use, according to histological
studies, are presented in Table 1[11;26].

Table 1.

Pathomorphological changes in the lungs of patients with vaping-associated lung injury [11, 26].

BAL cytological findings

Histological findings
(transbronchial biopsy)

Histological findings
(surgical biopsy)

* Lipid-laden alveolar
macrophages

 Foamy macrophages

* Predominant neutrophils
* Predominant eosinophils
+ Hemorrhagic secretions /
hemorrhagic exudate

fibrosis

« Acute alveolitis with intra-alveolar

« Diffuse alveolar damage (DAD)
« Organizing pneumonia (OP)

+Organizing pneumonia (OP)

*Respiratory bronchiolitis—associated interstitial
pneumonitis (RB-associated pneumonitis)
+Desquamative interstitial pneumonia (DIP)
«Diffuse alveolar damage (DAD)

«Lipoid pneumonia

« JInnongHast THEBMOHMS

Experimental Animal Studies

According to experimental research, e-cigarettes lead to
infiltration of lung tissue by eosinophils, erythrocytes, and
mononuclear cells, thickening of interalveolar septa, and
hyperemia. Collagen deposition is also observed within
interalveolar septa and in the peribronchial region. It is most
likely that exposure to nicotine in the form of e-cigarettes
induces degeneration of lung tissue, collagen deposition,

activation of eosinophils and myofibroblasts, and
angiogenesis. These architectural changes impair gas
exchange in specific areas [37].

Exposure to nicotine-free e-cigarette liquid composed of
glycerol and propylene glycol may result in areas of
emphysematous alveolar enlargement, thickening of
interalveolar septa, and the phenomenon of plasma
imbibition, leading to consolidation of lung tissue [35].
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Pikalyuk V.S. et al. (2016) studied the lung structure of
Wistar rats exposed to aerosol from nicotine-free e-cigarette
liquid in acute (7 days), subacute (30 days), and chronic (60
days) periods. In the acute stage, lung tissue exhibited
signs of atelectasis, pronounced inflammatory changes in
the bronchi, swelling of interalveolar septa, and
accumulation of serous fluid in alveolar spaces. In the
subacute stage, an increase in emphysematous
transformation of alveoli was noted, along with persistent
septal edema and inflammatory response from the
bronchial tree. In the chronic stage, morphological changes
were dominated by emphysema: thinning of interalveolar
septa and expansion of terminal and respiratory bronchioles
[25].

In a mouse study, inflammatory cytokine levels and
morphological changes in lung tissue were analyzed after
three weeks of exposure to e-cigarette aerosol (ECA) and
cigarette smoke (CS) separately. Both ECA and CS
exposure led to an increase in BAL cellularity; however,
pronounced morphological changes—such as infiltration
and thickening of interalveolar septa—were more
pronounced with CS exposure. In addition, the authors
recorded an increase in fibrotic changes in lung tissue,
which potentially worsens the course of chronic obstructive
pulmonary disease (COPD) due to a decrease in its
elasticity and deterioration of external respiratory function.
Overall, both exposures caused inflammation and
morphological deterioration of the lungs, but the degree of
negative change was less pronounced with ECA compared
to CS [7].

Research has shown that in COPD, e-cigarette aerosol
exacerbates inflammation and promotes pulmonary fibrosis
[13].

One-month exposure to e-cigarettes resulted in
dystrophic changes in epithelial and endothelial cells,
accompanied by reduced collagen and elastin fibers in the
extracellular matrix. With prolonged exposure (three
months), marked structural alterations were observed: the
alveolar membrane became anucleate, endothelial cells
were absent, indicating destruction of the extracellular
framework. Alveolar spaces were dilated and filled with
edematous exudate, and alveolar walls lost their integrity.
These changes caused stretching and deformation of
interalveolar septa [42].

Molecular and immune mechanisms

In a mouse study, levels of inflammatory cytokines and
morphological changes in lung tissue were analyzed after
three weeks of exposure to e-cigarette aerosol and to
cigarette smoke. Both exposures produced increases in IL-
6 and TNF-a in bronchoalveolar lavage fluid (BALF), as well
as increased IL-6 in serum; a significant rise in serum TNF-
a was observed predominantly in the CS group [7].

Studies indicate that in chronic obstructive pulmonary
disease (COPD) models, e-cigarette aerosol modulates
pulmonary immune responses and cytokine production. In
mice with COPD, exposure to e-cigarette aerosol was
associated with elevated levels of several anti-inflammatory
cytokines and an increased number of macrophages of the
M2 phenotype, which are linked to inflammation regulation.

Increased production of multiple cytokines—including M-
CSF, IL-1 receptor antagonist (IL-1ra), IL-10 and TGF-B1—
was detected in BALF of mice exposed to e-cigarette
aerosol, suggestng a shit toward an anti-
inflammatory/regulatory microenvironment under certain
exposure conditions [13].

Rats exposed to e-cigarette vapor for six weeks showed
significantly higher serum concentrations of inflammatory
markers (including IL-2, IL-6, IL-9, IL-22, GM-CSF and TNF-
a) compared with animals exposed to tobacco smoke or
with controls. These findings indicate differences in
systemic immune responses that may be important for
understanding mechanistic distinctions between vaping and
conventional smoking in terms of pulmonary and systemic
inflammation [38].

Lee H.W. et al. reported that chronic exposure to e-
cigarette aerosol can reduce DNA repair activity and the
expression of DNA repair proteins XPC and OGG1/2 in lung
tissue, which may have implications for genomic stability
and carcinogenesis risk [21].

Acute exposure to e-cigarette aerosol induces oxidative
stress in the lung without necessarily producing immediate
structural alterations or a marked inflammatory infiltrate.
Redox-proteomic analyses have revealed site-specific
oxidation of protein thiols caused by acute e-cigarette
exposure [36].

Ween M.P. et al., using cultured bronchial epithelial
cells, found evidence of airway epithelial cell death,
apoptosis, and macrophage efferocytosis mediated by
alterations in receptor expression [39].

In an in vitro model of small-airway epithelium exposed
to aerosols from capsule-type ENDS (electronic nicotine
delivery systems), prolonged device use or device aging
was associated with increased oxidative stress, cellular
senescence, and DNA damage—likely related to
heightened exposure to hazardous aerosols and metal
particulates [15].

The principal data on exposure doses and durations
and corresponding morphological changes are summarized
in the following table (Table 2).

Conclusions

Taken together, the results of preclinical and clinical
studies indicate that e-cigarette aerosol produces structural
and inflammatory alterations in the lungs that are similar to
those observed after exposure to tobacco smoke, while also
exhibiting distinct features. The presence of oils, flavoring
agents and other additives contributes to the development
of lipoid pneumonia and to impaired function of alveolar
macrophages. It is particularly concerning that even
nicotine-free  liquids may provoke inflammation and
oxidative stress.

Based on the reviewed evidence, it is advisable that
adolescents, young adults and pregnant women refrain
from using e-cigarettes. This review synthesizes current
data on the morphological characteristics of EVALI and
underscores the need for further research to clarify
pathogenic mechanisms, improve differential diagnosis, and
develop therapeutic approaches for this condition.
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Table 2.

Morphological changes in the lungs of animals after exposure to e-cigarette aerosols.

No.| Reference (selected) | Animal model | Duration | Dose / aerosol parameters Main morphological changes

1 |Pikalyuk V.S. et al. Rats 7/30/60 |4 min once/day; 0.005 mL |Alveolar enlargement, macrophage
(2016) [25] days nicotine-free liquid infiltration

2 |LeeHW.etal (2018) [Mice (FVB/N) |12 weeks |3 h/day; liquid with 10 DNA damage, reduced repair
[22] mg/mL nicotine activity, preneoplastic changes

3 |Tang M.S. etal. (2019) |Mice (FVBIN) |54 weeks |4 h/day; 36 mg/mL nicotine, |22.5% lung adenocarcinoma,
[33] flavored liquid 57.5% bladder urothelial

hyperplasia
4 |Wang Q. etal. (2019) |Mice 3 days 3 h/day; PG/VG 50:50, 25  |Foci of inflammatory infiltrates

[36] mg/mL nicotine

5 |Wawryk-Gawda E. et |Wistar rats 6 weeks 2x10 inhalations/day; 12 Chronic inflammation, fibrosis,
al. (2020) [37] mg/mL nicotine; PG/VG 50:50 |epithelial destruction, apoptosis
6 |Crotty-Alexander L.E. |Mice 3and 6 1 h/day; PG/VG 50:50, 24  |Barrier dysfunction, multi-organ
et al. (2021) [6] months mg/mL nicotine fibrosis
7 |HanH.etal (2021) |Mice (COPD |8 weeks 30 min/day; 50 mg/mL Alveolar enlargement, increased
[13] model) nicotine mucus production, fibrogenesis
8 |Yanina LY. et al. (2023)|Rats 5 days 1x10 min/day; 0.6 mL Emphysematous alveolar
[35] nicotine-free flavored liquid |enlargement, septal thickening,
plasma-imbibition phenomenon
9 |DayY.etal.(2023)[7] |Mice (BALB/c) |3 weeks 30 min, twice/day; nicotine  [Respiratory dysfunction,
liquid 10 mg/mL inflammatory cell infiltration, septal
widening
10 |Wiriansya E.P.etal. |Rats 1and 3 1 h/day; PG/VG 50:50, 3  |Epithelial and endothelial
(2023) [42] months mg/mL nicotine degeneration, septal damage,

edema
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