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Objective: Smoking remains a leading cause of morbidity and mortality globally, with 22.5% of Indonesians identified as
smokers. Electronic cigarette (e-cigarette) usage in Indonesia has reached 10.65%, primarily due to the widespread belief
that they are a safer alternative to conventional cigarettes. This trend raises concerns due to their nicotine content, which
may contribute to atherosclerosis. This study aimed to investigate the effects of exposure to conventional cigarettes and
e-cigarettes on early atherosclerotic changes in Wistar rats (Rattus norvegicus), using a-smooth muscle actin (a-SMA)
and interleukin-1p (IL-1B) as blood biomarkers. Material and Methods: Thirty-six male Wistar rats were divided at ran-
dom into three groups: control, conventional cigarette smoke exposure, and e-cigarette vapor exposure. Following a 7-day
acclimatization period, both exposure groups received equal nicotine concentrations for 30 minutes per day, five days per
week, over a 12-week period. Serum levels of a-SMA and IL-18 were quantified using ELISA to evaluate atherosclerotic
changes. Results: Both conventional cigarette smoke and e-cigarette vapor exposure significantly increased a-SMA and
IL-1B levels compared with controls (p = 0.004 and p = 0.018, respectively). However, post hoc analyses revealed no
statistically significant differences between the two exposure groups (a-SMA: p = 1.000, Bonferroni test; IL-13: p = 0.374,
Mann-Whitney test). Conclusions: Exposure to e-cigarettes produced effects comparable to those of conventional ciga-
rettes exposure in increasing serum a-SMA and IL-18, suggesting a similar potential risk to cardiovascular health.
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Llen: TioTioHONyLLEHETO OCTaBa €fjHa OT OCHOBHWTE MPUYMHK 33 3a00NSEMOCT M CMBPTHOCT B CBETOBEH MalLab, kaTo
22,5% 0T NHOOHe3NALMTE Ca WAEHTUULMPaHN kaTo nylwayun. Ynotpebata Ha enekTpoOHHU uurapy (e-uurapu) B WH-
poHesus e pocturHana 10,65%, rnaBHO mopaay LWMPOKO pasnpocTpaHeHoTo ybexaeHne, Ye Te ca no-6esonacHa an-
TEpHaTVBa Ha KOHBEHLMOHaNHUTE uurapu. Tasn TeHgeHuus byau Tpesora nopaan ChAbPKAHUETO HA HUKOTWH B TSX,
KOETO MOXe [1a [JOMpUHECe 3a Pa3BUTUETO Ha aTepockreposa. HacToswoTo npoyyBaHe UMalle 3a Lien Aa uacnensa
edeKTUTe OT eKCno3nLMsATa Ha OBMKHOBEHM LiUrapy U eNeKTPOHHM Liurapu BbpXy PaHHUTE aTepOCKIepOTUYHI NPOMEHN
npu nmbxoBe oT nopogata Wistar (Rattus norvegicus), kato 3a kpbBHM G1iomapkepy 6s1xa U3non3saHm o-rnagkoMyckyneH
akTuH (0-SMA) v uHTepneskuH-1B (IL-1B). MaTepnan u metogm: TpugeceT v LWeCT MbXKM niTbxa 0T nopogata Wistar
Bsixa pasnpeaeneHn Ha criydaeH NMPUHLMN B TPY TPYNK: KOHTPOSHA rpyna; rpyna, U3noXeHa Ha AUM OT KOHBEHLMOHAMHM
Lurapw, 1 rpyna, u3noxeHa Ha napu oT enekTpoHHM uurapu. Crnep 7-OHEBEH Nepuos Ha aknMMaTi3aums 1 ABeTe rpynu,
W3MOXEHM Ha Bb3[ECTBMETO, NoMyyaBaxa eHaKBI KOHLEHTPALMW HA HUKOTWH B NpoabikeHune Ha 30 MHYTV Ha fieH, 5
[HV B cegmuuaTta, B Npoab/ikeHune Ha 12 cegmmuy. Huata Ha a-SMA u IL-1 B cepyma Bsixa KonmyeCTBEHO onpesenerm
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upe3 ELISA 3a oLeHka Ha aTepocknepoTuyH1TE NpomeHn. Pesyntatu: M3naraHeTo kakTo Ha 4yUM OT TPagULMOHHM Lura-
py, Taka W Ha Mapu OT ENEKTPOHHM Liurapy 3HauMTEeNHO NoBMLWK HUBaTa Ha a-SMA 1 IL-1[3 B cpaBHeHMe ¢ KOHTpOnHaTa
rpyna (p = 0,004 n cvoTBetHO p = 0,018). Bunpeky ToBa post hoc aHanuanTe He paskpuxa CTaTUCTUYECKN 3HAUUMM pas-
nMK1 Mexay asete rpynu Ha uanarade (a-SMA: p = 1,000, tect Ha BoHdeponu; IL-1B: p = 0,374, Tect Ha Man-YuTHu).
3akntoueHus: M3naraHeTo Ha enekTPOHHM Lrapu A0Beae [0 ePEKTH, CPAaBHUMM C Te3M NPU U3NaraHeTo Ha 0BUMKHOBEHM
Ljrapy, no OTHOLLEHWE Ha MOBULLIABAHETO Ha HiBaTa Ha a-SMA 1 IL-1 B cepyma, kOeTo Npeanonara CXoAeH NoTeHuma-

TNEH PUCK 3a CbpAEYHOCHIOBOTO 3APaBe.
KniouoBu gymu:

Anpec
3a KOpecnoHAeHUMS:

INTRODUCTION

Recent studies reported that approximately 23% of
the global population smokes, with 32% of men and
7% of women identified as smokers. The highest prev-
alence is observed in Southeast and East Asia [1]. In
Indonesia, national health surveys indicate a sustained
rise in smoking prevalence. As of 2023, the prevalence
of smoking has remained persistently high, with 22.5%
of the population identified as active smokers [2-4].

With technological advancements, conventional cig-
arettes are increasingly being replaced by electronic cig-
arettes (e-cigarettes or vapes), which have gained popu-
larity across Southeast Asia, including Indonesia, where
the prevalence of its use has reached 0.1065 [5,6].
E-cigarettes are a heterogeneous category of devices
that deliver aerosolized substances, often including nic-
otine, via a heating mechanism for inhalation [7]. Initially
marketed as a safer alternative, emerging evidence has
shown that e-cigarettes also contain harmful and toxic
substances [8], including carbonyl compounds, heavy
metals, and silicon — that carcinogenic, and associated
with respiratory and cardiovascular diseases [7].

Smoking is strongly associated with the progression
of atherosclerotic plaque formation [9]. Components of
e-cigarettes, such as nicotine, heavy metals, particu-
late matter, propylene glycol derivatives, and flavoring
agents, may contribute to this process through the for-
mation of reactive oxygen species (ROS) and inflam-
mation, ultimately leading to endothelial dysfunction
[3]. Although e-cigarettes produce fewer combustion
byproducts than conventional cigarettes, their aerosols
can still generate ROS, leading to oxidative stress and
cellular activation, albeit at lower levels [10]. However,
the extent to which e-cigarettes differ from convention-
al cigarettes in terms of cardiovascular harm has not
been conclusively determined, and their potential for
reduced harm remains contentious.

Owing to the growing use of e-cigarettes and their
potential cardiovascular risks, it is hypothesized that
exposure triggers vascular oxidative stress and phe-
notypic switching of smooth muscle cells, which are
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reflected by changes in alpha-smooth muscle actin
(a-SMA) expression and the release of interleukin-13
(IL-1B) both of which are recognized biomarkers in the
development of atherosclerosis [11, 12]. Wistar rats
(Rattus norvegicus) were chosen as the experimental
model due to their extensive application in vascular
research and their physiological resemblance to the
human vascular system [13, 14]. Understanding the
vascular effects of electronic cigarette exposure is im-
portant for assessing their potential cardiovascular risk.
However, direct experimental comparisons between
conventional cigarette smoke and e-cigarette vapor re-
garding early vascular remodeling biomarkers remain
limited. Experimental evidence investigating early in-
flammatory and vascular remodeling mechanisms may
provide translational insights into the development of
atherosclerosis in humans. Therefore, this study aimed
to compare the effects of conventional cigarette smoke
and electronic cigarette vapor exposure on a-SMA and
IL-1B levels in a Winstar rat model.

MATERIAL AND METHODS

Animal Model, Housing, and Husbandry

A total of 36 male Wistar rats (Rattus norvegicus),
each aged 8 weeks and weighing between 150 and 200
g, were procured from the Laboratory Animal Center at
Universitas Airlangga. Only rats exhibiting normal activity
and no signs of pre-existing illness or abnormal groom-
ing were included in the study. During a 7-day acclimati-
zation period, all rats were housed in standard polypro-
pylene cages under controlled environmental conditions
(temperature of 20-24 °C; humidity 50-60%; 12-hour
light—dark cycle), with food and water provided ad libi-
tum. To minimize stress, environmental enrichment was
provided, which included nesting materials and chew-
able objects. Potential environmental confounders such
as noise and air pollutants were minimized.

Ethical Approval

The Institutional Animal Care and Use Committee
(IACUC) of Universitas Airlangga approved all experi-
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mental procedures (Approval No. 2.KEH.008.01.2024),
which were performed in compliance with the ARRIVE
guidelines and national regulations for laboratory ani-
mal care and use [15, 16].

Experimental Study Design and Sample Size

This randomized, posttest-only controlled in vivo
study was conducted over 12 weeks at the Faculty of
Veterinary Medicine Laboratory, Universitas Airlangga.
A minimum of eight rats per group was calculated with
the Lemeshow [17] formula, based on prior data from
Christantia et al. [18]. In their 2022 study, exposure to
conventional cigarette smoke increased IL-13 concen-
trations to 5.17 £ 0.8, compared to 4.34 £+ 0.2 in the con-
trol group. Using these values (u, = 5.17, y, = 4.34,
and o = 0.58), the sample size calculation yielded n =
7.72, which was rounded up to eight rats per group [18].
Applying a 40% correction factor, four additional animals
were added to each group, resulting in 12 rats per group
and a total of 36 rats across three groups: G1(control/
no exposure), G2 (conventional cigarette smoke expo-
sure), and G3 (e-cigarette vapor exposure). Rats were
distributed to each group through computer-based ran-
dom allocation using a computer-generated randomized
sequence. Detailed sample size calculation is provided
in Supplementary Material S1.

Cigarette Smoke Exposure Setup
and Procedure

The exposure apparatus consisted of custom-built
wood and mica cages (90 x 75 x 60 cm) with ten 2.5
cm ventilation holes, adapted from Ardiana et al. [19].
A silicone tube connected the exposure chamber to a
smoke extractor, following a modified version of the
same method. The ventilation system regulated carbon
monoxide (CO) and carbon dioxide (CO,) levels to re-
main within safe exposure limits for animals. All mate-
rials — including conventional and e-cigarettes, smoke
generators, extractors, and exposure chambers — were
previously validated and widely used [18-20] (Fig. 1,
Fig. 2, and Fig. 3).

Fig. 1. Cigarette Exposure Cage

SR o

Fig. 3. Conventional Cigarette Smoke Extractor Device

Rats were exposed to sidestream cigarette smoke
delivered by a peristaltic-pump-based smoke extractor,
which released 150 mL of smoke-laden air every 10
seconds into the chamber. Each session lasted 30 min-
utes, five days per week, for 12 weeks.

For conventional cigarette exposure, five Surya-
brand filter kretek cigarettes (PT. Gudang Garam,
Kediri, Indonesia), each containing 2.2 mg of nicotine,
were used per session, yielding a total nicotine dose of
11 mg. For e-cigarette exposure, the Aflo Pod device
(PT. Movi Ventura Prima, South Jakarta, Indonesia)
with a 0.8-ohm cartridge was used, paired with Foom
e-liquid (PT. Foom Lab Global, South Jakarta, Indone-
sia). A total of 0.36 mL of e-liquid containing 30 mg/mL
nicotine (equivalent to 11 mg per session) was admin-
istered to match the nicotine dose of conventional cig-
arettes [21].

Blood sampling and Outcome Measures

The primary outcomes assessed in this study were
serum a-SMA and IL-1$ levels. Blood samples were
collected after the 12-week exposure, following the
methodology described by Centa et al [22]. At the des-
ignated time point, following anesthesia with carbon di-
oxide (CO,) gas and body weight recording, rats were
euthanized in accordance with institutional animal care
guidelines. To minimize contamination from fur during
the sample collection process, the rats’ bodies were
thoroughly sprayed with 70% ethanol and placed in a
supine position. A midline incision was performed us-
ing Mayo scissors, extending from the jugular notch to
just above the pubic bone. Cardiac puncture was then
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performed by inserting a 23-gauge needle through the
chest wall, allowing approximately 750 uL of blood to
be collected from each 20-week-old rat. The collected
blood was divided equally into two separate tubes: one
containing tri-potassium EDTA for plasma isolation,
and the other a serum or lithium heparin-coated tube
for serum analysis. All samples were centrifuged and
the resulting samples were stored at -80°C until anal-
ysis [22].

Serum levels of a-SMA and IL-1B were quantified
using ELISA kits (BT-Lab, E2330Ra-48T and E0119Ra-
48T, respectively). The minimum detectable concentra-
tions for the ELISA kits were 0.25 ng/ml for alpha-smooth
muscle actin (a-SMA; Cat. No E2330Ra) and 1.06 pg/
ml for interleukin-1B (IL-1(3; Cat. No EO119Ra). Both as-
says demonstrated high precision, with an intra-assay
coefficient of variation (CV) of < 8% and an inter-assay
CV of < 10%, in accordance with the manufacturer’s
specifications. To maintain blinding and minimize bias,
sample coding was implemented throughout the study,
ensuring that outcome assessors and data analysts re-
mained unaware of group allocations.

Statistical analysis

Data normality was assessed using the Shapiro—
Wilk test. For normally distributed variables, data were
presented as mean + standard deviation (SD) and an-
alyzed using one-way ANOVA. Post hoc comparisons
were conducted using either the Bonferroni or Games—
Howell test, depending on the results of variance ho-
mogeneity testing. For non-normally distributed vari-

ables, data were reported as median with interquartile
range (IQR) and analyzed using the Kruskal-Wallis
test, followed by the Mann—Whitney U test for pairwise
comparisons. Bar plots and box plots were generated
for data visualization. A p-value less than 0.05 was con-
sidered statistically significant. SPSS software (v26.0;
IBM Corp., Armonk, NY, USA) was used to perform all
statistical analyses.

RESuULTS

A total of four rats from the conventional cigarette
group and two from the e-cigarette group did not sur-
vive. Mortality may be attributed to stress associated
with prolonged smoke exposure, although no gross
pathological abnormalities were observed during nec-
ropsy. Nevertheless, the final sample size remained
adequate, with 12 rats in the control group, 8 in the
conventional group, and 10 in the e-cigarette group,
meeting the minimum requirements for each group.

Data distribution was first assessed using the Sha-
piro-Wilk test, which confirmed that the a-SMA concen-
trations followed a normal distribution across all groups
(p > 0.05). Furthermore, Levene’s test indicated ho-
mogeneity of variances across groups (p = 0.4259%),
justifying the use of one-way ANOVA and subse-
quent Bonferroni post-hoc comparisons. The one-way
ANOVA revealed a significant difference in mean a-SMA
concentrations among the study groups (p = 0.004).
Bonferroni post-hoc analysis further demonstrated
that a-SMA levels were significantly elevated in both

Table 1. Comparison of Serum a-SMA Levels Among Treatment Groups Using One-Way ANOVA and Bonferroni Post-Hoc Test

Group n Mean a-SMA (pg/mL) + SD Mean Square F (df) p-value Post-hoc (Bonferroni)
Control 12 14.747 £1.108 conventional > control (p = 0.008)
Conventional Cigarette Exposure 8 16.439 £ 0.782 8.057 6.973 0.004 e-cigarette> control (p = 0.015)
E-Cigarette Exposure 10 16.225 + 1.226 No sig. difference (p = 1.000)

a-SMA — a-smooth muscle actin; df — degree of freedom; n — number of samples; pg: picogram; mL: milliliter; SD — standard deviation; sig. — significant

20.00-]

15.00]

10.009

Mean alfa SMA

5.007]

Conventional Cigarette

Control

E-Cigarette
Group
Error Bars: 95% CI

Fig. 4. Bar plot showing the mean a-SMA levels across groups.
Error bars represent the 95% confidence intervals, calculated
using group-specific standard deviations and sample sizes.
Significant differences according to the Bonferroni post hoc test
are marked with " (p < 0.05), ** (p < 0.01), and ‘ns’ denotes
non-significant comparisons
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the conventional cigarette group (16.439 + 0.782 pg/
mL) and the e-cigarette group (16.225 + 1.226 pg/mL)
compared to the control group (14.747 + 1.108 pg/mL).
Specifically, the mean difference between the conven-
tional cigarette and control groups was 1.692 pg/mL
(95% CI: [-3.00] to [-0..38]; p = 0.008), while the e-cig-
arette group showed a mean difference of 1.478 pg/
mL (95% CI: [0.25] to [2.71]; p = 0.008) relative to the
control. No significant difference was found between
the conventional and e-cigarette groups (mean differ-
ence = 0.213 pg/mL 95% CI: [-1.52] to [1.09]). These
findings are illus.

A significant difference in IL-18 concentration was
observed among the treatment groups (Kruskal-Wallis,
p = 0.018), with the e-cigarette group showing the
highest median level (5.46 pg/mL) and the control group
the lowest (4.90 pg/mL), as shown in Table 2. Post-hoc
analysis using the Mann—Whitney test revealed that
both the conventional and e-cigarette exposure groups
had significantly higher IL-1 concentrations compared
to the control group (median 5.30 pg/mL [5.03-8.05 pg/
mL] vs. 4.90 pg/mL [3.85-5.70 pg/mL], p = 0.049;
and median 5.46 pg/mL [5.09-8.30 pg/mL] vs. 4.90 pg/
mL [3.85-5.70 pg/mL], p = 0.008, respectively. How-
ever, there was no significant difference between the
two exposure groups (p = 0.374). These results are
illustrated in Box Plot (Fig. 5).

DiscussION

This study compared serum a-SMA and IL-1 in
Wistar rats after a 12-week period of exposure to ei-
ther conventional cigarette smoke, e-cigarette vapor,
or no exposure (control group). We found that both
atherosclerotic biomarkers were significantly elevated
in rats exposed to either conventional or e-cigarette
smoke compared to controls. However, no significant
difference was observed between the conventional and
e-cigarette exposure groups. These findings suggest
that e-cigarette exposure not only contributes to the
progression of atherosclerosis but does so to a similar
extent as conventional cigarette smoke.

Effect of Conventional and E-Cigarette
Exposure on a-SMA Concentration

a-SMA is an important marker involved in the differ-
entiation of fibroblasts into myofibroblasts during fibro-
sis and is also implicated in the pathogenesis of athero-
sclerosis [23-25]. Although its upregulation in vascular
smooth muscle cells (VSMCs) does not directly cause
atherosclerosis, a-SMA may contribute to its progres-
sion under certain conditions, such as vascular injury
or neointimal hyperplasia, by triggering an exaggerat-
ed response to vascular injury, reducing vascular con-
tractility, and narrowing the arterial lumen. Circulating

Table 2. Comparison of Serum IL-1B Levels Among Treatment Groups Using Kruskal-Wallis Test and Mann-Whitney

Post-Hoc Analysis

Group n Median (Min-Max) IL-1B (pg/mL) Test Statistic (H) df p-value Post-hoc (Bonferroni)
Control 12 4.90 (3.85-5.70) conventional > control (p = 0.049)
Conventional Cigarette 8 5.30 (5.03-8.05) H =812 2 0.018 e-cigarette > control (p = 0.008)
Exposure

E-Cigarette Exposure 10 5.46 (5.09-8.30) No sig. difference (p = 0.374)

df — degree of freedom; IL-1 3 — interleukin-1 3; n — number of samples; pg — picogram; mL — milliliter; sig. — significant

*m

6.00 r ¥ 1

5.007

IL1_beta

4.007

3.007

Fig. 5. Box plot displaying IL-1B levels across treatment
groups, presented as median values with interquartile ranges.

T T T
Control Conventional Cigarette E-Cigarrette

Group

Group comparisons were assessed using the Mann—Whitney
test. An asterisk (*) mark statistically significant differences
(p < 0.05), whereas ‘ns’ denotes non-significant comparisons
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a-SMA may reflect vascular smooth muscle cell acti-
vation and vascular remodeling processes associated
with early atherogenesis [25].

The conventional cigarette group exhibited the
highest mean a-SMA levels, aligning with the findings
of Wang et al., who demonstrated that a-SMA expres-
sion reflects VSMC involvement in the development of
cigarette smoke-induced atherosclerosis [26]. Nicotine,
a major component of cigarette smoke, induces phe-
notypic changes in VSMCs by promoting autophagy
in the aorta, enhancing VSMC migration, and increas-
ing ROS production through the nAChRs/ROS/NF-kB
pathway [26]. Additionally, cigarette tar induces mac-
rophage ferroptosis and endothelial dysfunction via
NF-kB pathway activation [27]. Other toxic constituents
of cigarette smoke reduce nitric oxide bioavailability,
impairing vasodilation, elevate superoxide anion and
endothelin levels, promote inflammation, induce DNA
damage, and disrupt coagulation balance [28].

Our study also found that e-cigarette exposure
significantly elevated a-SMA levels compared to the
control group, suggesting that such exposure is asso-
ciated with the early vascular remodeling implicated in
atherosclerosis. However, studies investigating a-SMA
expression following e-cigarette exposure remain limit-
ed and inconclusive. For instance, Shi et al. observed
no significant changes in animal models, possibly due
to short exposure duration and analysis of myocardial
rather than vascular tissue [29]. In contrast, Wang et al.
showed that certain e-cigarette flavors elevated a-SMA
expression and inflammation while impairing tissue re-
pair in human fetal lung fibroblasts [30]. Other studies
have confirmed the harmful vascular effects of e-cig-
arettes, including oxidative stress, endothelial dys-
function, and DNA damage [8, 31, 32]. Although e-cig-
arettes lack tar and carbon monoxide, their aerosols
contain nicotine, glycerol, propylene glycol, and other
toxic compounds that can impair vascular health [8].

No significant difference in a-SMA levels was ob-
served between the e-cigarette and conventional cig-
arette groups (p = 1.000), suggesting a comparable
potential risk of vascular impairment in both groups.
To our knowledge, no prior studies have directly com-
pared a-SMA levels between these two exposures in
Wistar rats. This finding highlights a gap in the current
literature regarding the comparative vascular effects of
conventional versus e-cigarette smoke.

Nicotine, found in both conventional and electronic
cigarettes, contributes to endothelial damage by induc-
ing ROS generation, VSMC phenotypic switching, and
a-SMA upregulation as a stress-adaptive response [33,
34]. Although the nicotine dose may be lower in e-cig-
arettes, this process still occurs in users of both types
of cigarettes [35]. Additionally, tar in conventional cig-

arettes and aldehydes in e-cigarettes exacerbate vas-
cular inflammation and VSMC proliferation [8, 32, 36].

Endothelial dysfunction has been reported for both
exposures. Qasim et al. showed that e-cigarette vapor
induces endothelial dysfunction and VSMC migration,
although the effect was less pronounced compared to
conventional cigarette smoke [35], while Carnevale et
al. reported impaired endothelial repair from e-cigarette
exposure [36]. Although these studies did not directly
measure a-SMA, the shared downstream effects sup-
port our findings of comparable vascular risks between
the two exposures.

Effect of Exposure to Conventional and E-Cigarette
Smoke on IL-1B Concentration

IL-1B is a pro-inflammatory cytokine from the in-
terleukin-1 family, primarily produced by macrophages
and endothelial cells in response to oxidative stress,
infection, and tissue injury. This cytokine plays a key
role in the pathogenesis of atherosclerosis by inducing
endothelial dysfunction, inflammation, proliferation of
VSMC, and lipid accumulation [10, 37, 38].

In this study, post hoc analysis demonstrated a sig-
nificant increase in IL-1p3 levels in both the conventional
and e-cigarette exposure groups compared to controls.
These findings are consistent with the results of Din-
arello, who reported elevated IL-1B levels in smokers
compared to non-smokers, noting that IL-13 acceler-
ates plaque formation by enhancing the recruitment
of inflammatory cells to the vascular wall [39]. Tabas
and Bornfeldt further showed that IL-1 promotes lipid
accumulation within plaques by stimulating the uptake
of oxidized LDL by macrophages, facilitating foam cell
formation, and amplifying vascular inflammation [40].

Post-hoc analysis further demonstrated a signif-
icant difference in IL-13 levels between the conven-
tional cigarette exposure group and the control group,
consistent with findings reported in several previous
studies. Wu et al. reported elevated IL-1 levels in
mice exposed to cigarette smoke, driven by nicotine
and ROS-mediated activation of the NLRP3 inflam-
masome [41]. Similarly, studies by Castro et al. and Ji-
ang et al. reported increased IL-1f3 expression through
mechanisms involving alveolar macrophage activa-
tion, cigarette smoke extract (CSE)-induced pregnan-
cy-associated plasma protein-A (PAPP-A) expression,
and VSMC apoptosis [42, 43]. These mechanisms
collectively emphasize the role of cigarette smoke in
IL-1B-mediated atherosclerotic progression.

The increase in IL-10 levels is also associated with
endothelial dysfunction. Cigarette smoke enhances the
adhesion molecules and chemokines expression, facili-
tating monocyte recruitment to the intima. These mono-
cytes undergo differentiation to become macrophages
and secrete more IL-1B, creating a self-perpetuating
inflammatory cycle that accelerates plaque formation
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[44]. In parallel, ROS from cigarette smoke activate the
NLRP3 inflammasome, driving IL-13 maturation and
secretion [45]. IL-1B also contributes to plaque instabil-
ity by upregulating matrix metalloproteinases (MMPs),
which degrade the fibrous cap. Nicotine further ampli-
fies these effects by activating nicotinic acetylcholine
receptors (hAAChRs) on immune cells [39].

Similarly, the e-cigarette group showed a significant
increase in IL-1B levels compared to controls. Kamal
and Shams reported elevated IL-13 levels in e-cigarette
users [46]. Although e-cigarettes contain fewer combus-
tion products, they still release pro-inflammatory agents
such as nicotine and formaldehyde [47]. Furthermore,
their aerosol components, including propyle serum nic-
otine levels, which could influence a-SMA and IL-1 lev-
els in the context of atherosclerosis, were not assessed.
Another limitation of this study is the scarce evaluation
of oxidative stress. This study only measured IL-1(3 as
an inflammatory biomarker but did not directly assess
oxidative stress markers. Parameters such as malondi-
aldehyde (MDA), superoxide dismutase (SOD), or 8-iso-
prostane could provide a more comprehensive evalua-
tion of smoking-related oxidative stress. Further studies
in humans, particularly those examining the long-term
effects of e-cigarette exposure on atherosclerosis, are
needed to validate these findings. Moreover, additional
analyses investigating the molecular mechanisms link-
ing a-SMA and IL-1p to atherosclerotic plaque formation
are warranted to better elucidate the underlying patho-
physiological pathways.

CONCLUSIONS

This study found that exposure to both conven-
tional and e-cigarettes increased levels of a-SMA and
IL-1B, two biomarkers involved in the pathogenesis of
atherosclerosis, either directly or indirectly. Elevated
a-SMA levels reflect enhanced myofibroblast activity,
contributing to plaque formation, while increased IL-1f3
concentrations indicate active inflammation that may
exacerbate vascular injury. These findings suggest that
e-cigarettes may pose cardiovascular risks compara-
ble to those of conventional cigarettes in the early vas-
cular remodeling associated with atherosclerosis.
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