
Contents lists available at ScienceDirect

Life Sciences

journal homepage: www.elsevier.com/locate/lifescie

Comparison of the cardiac effects of electronic cigarette aerosol exposure
with waterpipe and combustible cigarette smoke exposure in rats

Fadia Mayyasa,⁎, Hala Aldawoda, Karem H. Alzoubia, Omar Khabourb, Alan Shihadehc,e,
Thomas Eissenbergd,e

a Department of Clinical Pharmacy, Faculty of Pharmacy, Jordan University of Science and Technology, Irbid, Jordan
bDepartment of Medical Laboratory Sciences, Faculty of Applied Medical Sciences, Jordan University of Science and Technology, Irbid, Jordan
cMechanical Engineering Department, American University of Beirut, Beirut 1107 2020, Lebanon
dDepartment of Psychology, Virginia Commonwealth University, Richmond, VA, USA
e Center for the Study of Tobacco Products, Virginia Commonwealth University, Richmond, VA, USA

A R T I C L E I N F O

Keywords:
Electronic cigarette
Cigarette tobacco smoking
Waterpipe tobacco smoking
Inflammation
Oxidative stress
Fibrosis

A B S T R A C T

Aims: Electronic cigarette (ECIG) has been used as an alternative to tobacco smoking as it lacks the majority of
toxicants found in tobacco smoke. However, the effect of ECIG aerosol inhalation on cardiac health are not well
studied. The present study aimed to compare the effects of ECIGs with that of combustible tobacco cigarette (T-
Cigs) and waterpipe (WP) smoke on cardiac biomarkers of oxidative stress, inflammation, and fibrosis.
Main methods: Rats were randomized into control (fresh air, n = 12), ECIG aerosol (n = 12), T-Cig smoke
(n = 15), or WP (n = 13) smoke conditions in which they were exposed 1 h/daily, 6 day/week for 4 weeks.
Cardiac biomarkers of oxidative stress, inflammation, and remodeling were assessed.
Key findings: Relative to control, significant increase in heart to body weight ratio was observed in all exposed
groups. Cardiac endothelin-1 and myeloperoxidase were increased for ECIG and T-Cig. Cardiac nitrite and
TBARS were increased in all exposed groups, but activity of superoxide dismutase was increased for ECIG and T-
Cig only while glutathione levels increased for ECIG only. No changes were observed for cardiac C-reactive
protein and catalase activity. Cardiac fibrosis was observed in all exposed groups coupled with an increase in the
transforming growth factor beta protein that was significant for ECIG only.
Significance: ECIG aerosol may promote cardiac alterations in similar manner to tobacco smoke by promoting
myocardial oxidative stress and inflammation leading to fibrosis. With regard to cardiac health, exposure to
ECIG aerosol and combustible T-Cig smoke may lead to similar adverse outcomes.

1. Introduction

Cardiovascular disease (CVD) is the leading cause of death globally
[1]. Tobacco smoking is a common and significant risk factor for the
initiation and progression of CVD, particularly atherosclerosis. Tobacco
smoking is a serious public health concern, contributing to increased
risk of thrombosis, atherosclerosis, and death [2]. Tobacco cigarettes
(T-Cigs), cigars, and waterpipes (WP) (aka “shisha”, “hookah”, “nar-
ghile”) are examples of diverse methods for smoking tobacco. Water-
pipe use, once limited to certain world regions (e.g., Eastern Medi-
terranean, Indian subcontinent) has gained popularity globally [3,4].

Electronic cigarettes (ECIGs) have been proposed as a less lethal
alternative to combustible tobacco smoking and, though evidence of
efficacy is limited, as a potential method for smoking cessation [3,5,6].

ECIGs use an electronically powered heating element to aerosolize a
liquid that usually contains propylene glycol, vegetable glycerin, and
the psychoactive stimulant drug nicotine; the user inhales the resulting
aerosol [3]. Claims that ECIG use is safer than combustible tobacco
smoking are based on the fact that ECIG aerosols lack the majority of
toxicants found in tobacco smoke [4]. However, more recent results are
not so supportive of claims of decreased health risks and there is much
debate on this issue [1,5]. While the health effects of T-Cig smoking,
and to a lesser extent WP use, have received considerable empirical
study, the health effects of the much newer ECIGs require further in-
vestigation.

Several factors contribute to the development of CVD. These factors
include oxidative stress, inflammation, and remodeling [7]. Previous
studies have shown that tobacco consumption contributes to CVD risk
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via activation of neutrophils, monocytes and platelets in addition to
cytokines production, generation of reactive oxygen and nitrogen spe-
cies, and smooth muscle and fibroblast proliferation [7]. Tobacco
smoking has been documented to promote the production of high
amount of free radicals among smokers. These free radicals oxidize li-
pids, proteins and DNA, resulting in tissue damage [8]. We have found
previously that T-Cig smoke exposure augments myocardial in-
flammatory levels of endothelin 1 (ET-1), interlukins 6 (IL-6) and
myeloperoxidase (MPO), and promotes generation of nitrites, lipid
peroxides, and fibrosis in a rat model of diabetes [9]. Interestingly, it
has been found that e-cigarettes fluids and vapor promoted generation
of oxidant radicals and inflammatory cytokines of IL-6 and 8 in lung
cells and tissues [10]. Recently, Reinikovaite et al. [11] documented
that exposure to e-cigarettes vapor for 5 weeks can cause destruction of
lung structure and vasculature just as toxic as tobacco cigarettes. In this
study, we will examine and compare for the first time the impact of
ECIG aerosol exposure with that of T-Cig and WP smoke exposure on
cardiac health. We hypothesized that ECIG aerosol exposure will cause
elevations in cardiac biomarkers of inflammation, oxidative stress and
remodeling similar to T-Cig and WP smoke.

2. Methods

2.1. Animals and treatment

Male Wistar rats (weight = 200-250 g, 8–9 weeks old) were housed
in the animal house at room temperature with a 12 h dark/light pho-
toperiod, and receive adequate amounts of food and water. Each cage
included 4–5 rats. All procedures were performed in accordance with
the guidelines of Animal Care and Use Committee (The Institutional
Animal Care and Use Committee Guidebook, 2ndedition of 2002 [12])
at Jordan University of Science and Technology (JUST).

Rats were randomly assigned into 4 groups (12–15 in each group):

(1) Fresh air exposure only (Control, n = 12).
(2) Electronic cigarette aerosol exposed (ECIG, n = 12).
(3) Tobacco cigarette smoke exposed (T-Cig, n = 15).
(4) Waterpipe smoke exposed (WP, n = 13).

For ECIG, T-Cig, and WP, a whole body exposure system was used
for 1 h/day, 6 days/week for 4 weeks as described previously [13].
Control animals were sham exposed to fresh air in the exposure system.
Each exposure chamber included 4–5 rats during the light cycle. We
have four exposure chambers; one for each group. Both ECIG and T-Cig
rats were exposed simultaneously in different rooms, followed by WP
and control exposed rats in the same order daily.

2.2. Electronic cigarette aerosol exposure system

The ECIG group was exposed to ECIG aerosol from an 18 mg/ml
nicotine solution that was 70% (by volume) propylene glycol (PG) and
30% vegetable glycerin (VG) using a reverse puffing machine manu-
factured by the Aerosol Research Lab of the American University of
Beirut. The solution was prepared using free base nicotine and analy-
tical grade PG and VG obtained from Sigma Aldrich, USA. ECIG aerosol
was emitted by a 1.8 Ω single coil ECIG (Mini Protank2, KangerTech,
Shenzhen, China) powered at 5.76 W. The computer-controlled reverse-
puffing machine automatically activated a pump to force lab air
through the air inlet ports of the ECIG. The resulting aerosol exited
through the ECIG mouthpiece directly into the exposure chamber
(38 × 25 × 25 cm, L × W × H). The machine was programmed to
produce a 4-second puff of volume 116.7 ml with a 10 second interpuff
interval, for the duration of the 1 hour exposure session. About 2 ml of
ECIG solution is consumed each hour (~36 mg nicotine/h). The ex-
posure chamber was coupled with a fresh air ventilation system to
maintain a net air change rate of 1.75 l/min. On average, the aerosol

concentration in the chamber was approximately 1.33 g/m3. The ex-
posure chamber was made from crystalline polycarbonate, and had a
removable ceiling with two inlets (one for aerosol and the other for
fresh air) and one outlet for the excess flow.

2.3. Waterpipe and cigarette smoking exposure systems

The WP smoke exposure system described in Khabour et al. [14]
was used for waterpipe exposure. In brief, this system utilizes a transfer
pump to simultaneously draw smoke from the WP and inject it into the
exposure chamber described above. The volume of the WP puff was
monitored and recorded using a puff topography instrument during
each exposure session and the diaphragm pump flow rate was adjusted

Fig. 1. Heart and body weight.
Changes in body weight (A), heart weight (B) and heart to body weight ratio (C)
for control, ECIG, T-Cig, and WP. P* < 0.05, ***p < 0.001 vs. Control; Dunn's
post hoc test, n = 12–15 each group.
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to maintain the 530 ml puff volume in accordance of the Beirut Method
[13]. This regimen is chosen because it is similar on average to human
puff topography during WP smoking [13]. An electrochemical sensor
(Bacharach Monoxor II) was used to monitor carbon monoxide (CO).
The average concentration of CO (mean ± sem) was
514 ± 14.72 ppm for all WP exposed rats throughout the study. For
each session, 10g of ma'assel (0.5% nicotine, Nakhla Brand, Cairo,

Egypt) was loaded into the WP with total nicotine content of 50 mg/h.
The Ma'assel was heated using lighted charcoal briquettes (Shaban
Company, Cairo, Egypt). Water in the WP bowl was changed every time
the water pipe machine was used.

For T-Cig, rats were exposed to side-stream smoke by placing a
smoldering cigarette in the upper middle half of the chamber as pre-
viously described [9,15]. Marlboro™ Red (Philip Morris, USA) cigar-
ettes were used for the purpose of this study and approximately 5–6
cigarettes were consumed over a 1-h session. Each cigarette is
~10.9 mg nicotine with total content of 55–66 mg/h. The average
concentration of CO (mean ± sem) was 237.1 ± 2.40 ppm for all T-
Cig exposed rats throughout the study. Control rats were placed in the
same exposure chamber exposed to fresh air only.

2.4. Molecular analysis

Rats were sacrificed by decapitation. Hearts were detached im-
mediately, washed with normal saline, weighed and dissected into two
parts; one part (small part of the right side of the heart) was fixed in
formalin for histopathology (n = 5–6 each group) and the second part
(left side of the heart and remaining right side, n = 12–15 each group)
was stored at −80 °C until time of homogenization. Cardiac tissues
were homogenized in a cold phosphate buffer saline containing pro-
tease inhibitors (Sigma, St. Louis, MO, USA,). Centrifugation of the
homogenate was carried out at 15000 ×g for 15 min at 4 °C and the
supernatant was collected for measurements of cardiac markers. Sample
aliquots were stored at −80 °C until time of molecular analysis.

Cardiac contents of nitrite were measured by the total nitric oxide
and nitrate/nitrite parameter assay kit with an assay sensitivity range of
0.09–0.78 μmol/l (R&D Systems, MA, USA). Measurements of thio-
barbituric acid reactive substances (TBARS) were performed using the
TBARS assay kit with a sensitivity range of 0.007–0.005 μM (R&D
Systems, MA, USA). Total glutathione levels and the activities of su-
peroxide dismutase (SOD) were assessed by standard colorimetric as-
says (Sigma-Aldrich Corp, St. Louis, MO, USA). The activity of catalase
was measured by catalase assay kit with a sensitivity range of
2–35 nmol/min/ml (Cayman Chemical, MI, USA). Levels of myeloper-
oxidase (MPO) and C reactive protein (CRP) were determined by ELISA
kits (Rat CRP and MPO ELISA kits, MyBioSource, Inc. CA, USA) with a
sensitivity of 2.0 U/l and up to 0.5 ng/ml; respectively. Measurements
of endothelin-1 (ET-1), the transforming growth factor-beta (TGF-β1)
and matrix metalloproteinase −2 (MMP-2) were carried out using
specific ELISA assays (Quantikine ELISA, R&D Systems, MA, USA). The
sensitivity range was 0.031–0.207 pg/ml, 1.7–15.4 pg/ml, and
0.014–0.082 ng/ml for ET-1, TGF-β1, and MMP-2; respectively. Plates
were read at the specified wavelength determined in each kit using
Epoch Biotek microplate reader (BioTek, Winooski, VT, USA). All
analyses were normalized to total cardiac protein contents.

2.5. Myocardial fibrosis

Right sided cardiac tissues were fixed in 10% formalin and cut into
4 μm thick sections. Paraffin embedded sections were deparaffinized by
xylene followed by graded alcohol. Sections were washed with deio-
nized water and incubated with Bouin's solution overnight and stained
with Masson's Trichrome according to kit instructions (Sigma, St. Louis,
MO, USA). Sections were viewed using high resolution light microscope
(Nikon, Shinagawa, Japan) at 10× and 40× magnification. The per-
centage area of fibrosis was quantified by NIH Image J software (ver-
sion 1.50i, Maryland, USA) at 10× magnification (100× original
magnification). For each slide, three representative images were taken,
analyzed, and averaged.

2.6. Statistical analysis

Data are presented as means± SEM for continuous data and as

Fig. 2. Cardiac biomarkers of inflammation.
Levels of cardiac of endothelin-1 (ET-1, A), Myeloperoxidase (MPO, B) and C-
reactive protein (CRP, C) in the control, ECIG, T-Cig, and WP. **p < 0.01,
***p < 0.001 vs. Control; #p < 0.05, vs. ECIGs; Dunn's post hoc test,
n = 11–15 each group.
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percentages for categorical data. Because molecular data were not
normally distributed, the Kruskal-Wallis test was used to assess pre-
sence of statistical differences in measurements among study groups,
and the Dunn's post hoc test was used for evaluation of statistical dif-
ferences for each pair of groups. Two-way ANOVA was used to assess
changes in body weight over time across study groups. A probability
value (p) < 0.05 was considered statistically significant.

Statistical analysis was carried out using GraphPad Prism 7.

3. Results

3.1. Heart and Body Weight

A significant increase in body weight was observed for control
throughout the study with increases of less magnitude observed for
ECIG, T-Cig, and WP (Fig. 1A). By the end of the study, ECIG, T-Cig, and
WP had lower body weight relative to control. Heart weight was not
changed at the end of the study (p = 0.1742, Fig. 1B), but the ratio of
heart to body weight was higher for ECIG, T-Cig and WP compared to
control (Fig. 1C).

Fig. 3. Cardiac biomarkers of oxidative status.
Levels of cardiac nitrites (A), thiobarbituric acid reactive substances (TBARS, B), Super oxide dismutase (SOD) activities (C), catalase activities (D) and glutathione
levels (GSH, E) in the control, ECIG, T-Cig, and WP. *p < 0.05, **p < 0.01, ****p < 0.0001 vs. Control; #p < 0.05 vs. ECIGs; $p < 0.05 vs. T-Cigs; Dunn's post
hoc test, n = 11–15 each group.

F. Mayyas, et al. Life Sciences 251 (2020) 117644

4



3.2. Changes in cardiac inflammatory factors

Relative to control, cardiac content of ET-1 was increased in ECIG
and T-Cig, with a trend toward an increase in WP (Fig. 2A). A similar
trend of increase relative to control was also found for cardiac MPO,
however, a statistical significance was only found for ECIG (p < 0.01,
Fig. 2 B). Compared to control, no significant increases in cardiac CRP
were observed among ECIG, T-Cig, or WP (Fig. 2 C). However, levels of
cardiac CRP and ET-1 were significantly higher for ECIG than for WP
(Fig. 2).

3.3. Levels of cardiac oxidants and antioxidants

Cardiac oxidant levels are presented in Fig. 3. Relative to control,
cardiac levels of total nitrites were increased for ECIG and T-Cig
(Fig. 3A). On the other hand, relative to control, cardiac TBARS sub-
stances were increased significantly for ECIG, T-Cig, and WP (Fig. 3B).
Cardiac SOD activity was significantly increased for ECIG and T-Cig
relative to control, and levels were statistically lower in WP relative to
ECIG and T-Cig (Fig. 3C). No differences in cardiac catalase activities
were observed among groups (p = 0.6753, Fig. 3D). A trend of increase
in cardiac GSH was noted for T-Cig and WP, relative to control, with
significant results obtained for ECIG only (Fig. 3E).

3.4. Levels of cardiac pro-fibrotic factors

Relative to control, a trend of an increase in cardiac TGF beta
content was observed for T-Cig and WP, with statistically significant
results obtained for ECIG only (Fig. 4A). Cardiac MMP-2 content was
significantly increased in ECIG and T-Cig, relative to control (Fig. 4 B).

3.5. Extent of cardiac fibrosis

Masson's Trichrome staining revealed that myocardial fibrosis
(Blue) was increased in ECIG, T-Cig, and WP relative to control (Fig. 5
A–D). Quantification of extent of cardiac fibrosis at 10× magnification
documented statistical increase in the percentage area of fibrosis in
ECIG, T-Cig, and WP relative to control (Fig. 5E).

4. Discussion

Smoking is a major risk factor for development and progression of
coronary artery diseases (CAD) and other CVDs. The impact of tobacco
smoke on CVD risk has been widely studied. Both T-Cigs and WP are
popular worldwide, especially in the Middle East, while ECIG use is
becoming more prevalent everywhere. Current studies suggest that
ECIGs are not a harm-free alternative method to tobacco smoke and
could be of potential concern on cardiovascular health. However, these
findings are mainly derived from acute studies and data on chronic
ECIG exposure are not available. The mechanisms underlying their in-
creased risk of cardiac disease are not fully known. In this study, we
compare for the first time the effect of ECIGs aerosol exposure with T-
Cig or WP smoke exposure on outcomes related to myocardial oxidative
stress, inflammation and fibrosis.

Oxidative stress is associated with the onset of CVD and heart failure
[17]. Oxidative stress is defined as a process of injury that occurs when
there is an imbalance between reactive oxygen species (ROS)/reactive
nitrogen species (RNS) production and antioxidant body defenses [18].
Tobacco smoking produces metabolites [19] that increase the produc-
tion of oxidant free radicals leading to oxidative damage and re-
modeling. Tobacco smoking has been shown to promote myocardial
oxidative stress, characterized by an increase in nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase activity leading to an en-
hanced superoxide production, increased levels of lipid hydroperoxide
and decreased antioxidant enzymes such as catalase and superoxide
dismutase (SOD) [19]. Interestingly, exposure to ECIG aerosol in mice
has been shown to increase vascular, cerebral, and pulmonary oxidative
stress via NADPH oxidase indicating its potential to promote CVDs and
pulmonary cerebrovascular disease [20]. Myocardial oxidative stress
might be also driven by the mitochondria which play a critical role in
cell regulation, ATP generation and apoptosis [21]. Myocardial mi-
tochondrial damage and dysfunction is associated with cardiac disease
[21]. The activity of the myocardial cytochrome oxidase is declined
following single and prolonged exposure to secondhand smoke in rats
[22]. In the present study, we observed increased cardiac levels of
TBARS in all aerosol/smoke exposed groups (i.e., T-Cig, WP, and ECIG),
and the results were greater for ECIG and T-Cig suggesting that these
two products do not differ in risk of myocardial oxidative damage. Total
nitrite levels were increased in the ECIG and T-Cig but not in the WP
group. These changes were paralleled with an increase in cardiac ac-
tivities of SOD probably to neutralize excess of ROS and RNS. Cardiac
glutathione level was significantly increased in ECIG rats with marginal
increases in other groups, clearly suggesting that ECIG aerosol promotes
marked changes in myocardial oxidant status that at least as similar as
T-Cig effects and more profound than WP effects. Burning charcoal
briquettes is the specific source of toxic materials that are unique to WP
smoking, some materials differ in their amounts from cigarettes with
unknown cardiovascular effects [23].

ROS production leads to activation of nuclear factor (NF)-kappa B
signaling pathways. The NF-kappa B signaling promotes regulation

Fig. 4. Cardiac biomarkers of fibrosis.
Cardiac contents of transforming growth factor-beta (TGF-beta, A) and matrix
metalloproteinase −2 (MMP-2, B) in the control, ECIG, T-Cig, and WP.
*p < 0.05, **p < 0. 01 vs. Control; Dunn's post hoc test, n = 11–13 each
group.
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various inflammatory factors, including the tumor necrosis factor-alpha
(TNF-α) and C reactive protein (CRP), in addition to the decrease in
nitric oxide (NO) production [24]. Thus, oxidative stress causes sus-
tained inflammation, in addition to fibrosis contributing to CVD and
other disease processes [25]. High inflammatory states also are asso-
ciated with smoking [26]. Tobacco smoking is associated with in-
creased levels of aortic expression of interleukins and TNFα [26] and
myeloperoxidase (MPO), a neutrophil-derived enzyme [27] con-
tributing to the initiation and progression of vascular inflammatory
diseases [28,29]. Endothelial dysfunction, defined as the reduced re-
lease of vasodilators like NO or increased vasoconstrictors like ET-1, is
an early sign of CAD [30]. The increased ET-1 expression is associated
with tobacco smoking [31]. Endothelin-1 is a potent vasoconstrictor,
inflammatory and mitogenic factor [31,32]. We previously documented
increased cardiac ET-1, MPO and interleukin-6 in diabetic hearts ex-
posed to tobacco smoke [9]. Here, we also found that cardiac ET-1 but
not CRP levels were increased in ECIG and T-Cig groups and not in WP
group. Interestingly, cardiac MPO content was markedly elevated in the
ECIG-exposed group only. Recently, it has been found that vaping with
nicotine in ECIG smokers increased plasma MPO [33], an effect that
was not observed in vaping vehicle in absence of nicotine. Overheated
propylene glycol/vegetable glycerin produces free radicals and volatile
carbonyls (i.e. acrolein) by thermal degradation, which are potent va-
soconstrictors and oxidative stressors. MPO is primarily stored in the
neutrophils and monocytes granules. Neutrophils are activated in the
sputum of e-cigarettes smokers, but whether this can be attributed to
the presence of nicotine is unclear [34]. However, a comparison be-
tween nicotine doses per hour exposure between study groups suggest
that ECIG contains the least amount of nicotine with comparable con-
tent of nicotine in T-Cig and WP groups, indicating that effects on
cardiac biomarkers may not be promoted by nicotine. Lack of sig-
nificant changes in the WP group may be due to the differential com-
position of other toxic materials in WP relative to other groups or that

ECIG aerosol induces cardiac alteration by different mechanisms than
tobacco smoke. In addition, we do not know if a single constituent of
the liquid mixture or the constituents as a whole could be responsible
for the observed changes.

Cardiac fibrosis adversely affects the myocardial structure and
function [35]. Tobacco smoking accelerates atrial collagen accumula-
tion, leading to symptomatic atrial fibrosis [36]. Interestingly, tobacco
smoking has been shown to promote expression of cardiac remodeling
and hypertrophic factors such as fibronectin [26]. It has been found
that exposure to ECIG aerosol in mice induced systemic inflammation
and multi-organ fibrosis, including the kidney, liver and the heart [37].
In our study, cardiac fibrosis was observed in all exposed groups, in-
cluding in animals exposed to ECIG aerosol. This was paralleled by a
similar trend of increase in TGF beta growth factor in all exposed
groups that was significant in the ECIG group, indicating remodeling.
Interestingly, contents of cardiac MMP-2 were significantly increased in
ECIG and T-Cig groups in a manner that is similar to changes in oxidant
and inflammatory biomarkers, indicating that these responses might
promote expression of MMP-2 resulting in fibrosis. However, no
changes were observed in the WP group. As myocardial fibrosis was
also found in WP group, our data might suggest presence of other fi-
brotic molecules that are differentially expressed in WP group.

Together, our findings suggest that ECIG aerosol promotes marked
cardiac alterations that at least as similar as T-Cig and more profound
than WP effects, suggesting that ECIG vapor or bi products of heated
solvent produce chemicals and free radicals that promote inflammation
and oxidative stress similar to T-Cig. The differential composition of WP
versus T-Cig may explain the less significant changes seen in WP as
compared to T-Cig and ECIG. Differences in the delivery system and
rate of nicotine administration, as well as the evidence that the effects
of nicotine are highly variable in function of its pharmacokinetics and
pharmacodynamics, could perhaps explain these differences [7,11,33].

Fig. 5. Extent of cardiac interstitial fibrosis.
Masson's Trichrome staining of right sided cardiac sections shows extent of fibrosis (blue), cardiac myocyte (red) in control (A), ECIG (B), T-Cig (C), WP (D). Sections
were examined at 10× and 40× magnification. Fig. 5E is quantitative analysis of % area of fibrosis at 10×. *p < 0.05, **p < 0. 01 vs. Control.
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5. Limitations of the study

This study used a relatively short exposure period and only one
ECIG liquid was used to produce aerosol from only one device. Future
work may involve longer exposure periods and a variety of liquid/de-
vice combinations and nicotine contents, as ECIGs are a heterogeneous
product class with great variety in device construction, electrical power
output, and liquid constituents [3]. Future studies should evaluate le-
vels of nicotine and its metabolites in serum and cardiac tissues to test if
differential effects of ECIG versus tobacco smoke are nicotine depen-
dent.

6. Conclusion

Exposure to ECIG aerosol can lead to cardiac inflammation and
oxidative stress, in a manner similar to tobacco cigarette and more
profound than waterpipe smoking. Exposure to ECIG aerosol, T-CIG and
WP smoke led to cardiac fibrosis.

Based on work published previously and the current results [1,5],
ECIGs aerosol and combustible T-Cig smoke may lead to similar adverse
outcomes and cannot at this time be considered a less harmful method
of nicotine administration, relative to tobacco cigarettes.
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