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ABSTRACT

Introduction: E-cigarettes (E-cigs) have received a considerable attention within the last
years and are among the newest products for reduction of tobacco injury. Recently, it has been
postulated that they are not considered a safe substitute for smoking and may have a limited degree

of effectiveness in arresting smoking.

Aim: The aim of this study was to detect the histopathological and ultrastructural changes of

tissue architecture of the submandibular glands in rats after passive E-cig exposure.

Methods: 12 adult male albino rats were divided into three groups (four rats each). Group I
(Control group): Rats were exposed to fresh air. Group II (E-cigarette 4 weeks): Each rat was
exposed to passive E-cig smoke for duration of one hour daily. The exposure time was divided into
6 equal intervals of 10 mins /hr, 7 days a week for four successive weeks. Group III (E-cigarette 12
weeks): Rats of this group were exposed to the same dose and manner of treatment of E-cig smoke
as in group II for 12 weeks duration. Animals were sacrificed following each treatment period
and specimens were prepared for histological examination and transmission electron microscopic

study.

Results: H & E results revealed signs of atrophy and degeneration within the parenchymal
elements together with dilatation and congestion of blood vessels with interstitial hemorrhage
in 4 weeks E-cig exposed rats. More deleterious changes with marked distortion of the gland’s
architecture were detected in 12 weeks E-cig exposed group. These data were supported by the

electron microscopic results which reflected degenerative changes in cytoplasmic organelles.
Conclusion: E-cig is not safe and its use to replace cigarette smoking cannot be recommended.
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INTRODUCTION

Electronic cigarettes (E-cig) are now considered
as the most promising products for reduction of
the deleterious effect of tobacco (Polosa et al.,
2013)».  The
containing a battery part and an atomizer. The liquid

device is electrically-driven,
is aerosolized by applying energy and generating
heat to a resistance encircling a wick (Farsalinos
and Polosa, 2014) @,

E-cigs are used recently to aid in quitting
smoking. Interestingly, they are also marketed
among never smokers (Manani et al, 2013) @,
In contrast to conventional smoking, they can be
freely used indoors and are considered to be safe
environmentally (Henningfield and Zaatari,
2010) @. It was also reported that chemicals
produced during the combustion process in
conventional smoking are absent in E- cigs. This
indicates that E-cigs are thought to be healthy
alternative to tobacco cigarettes (Farsalinos and
Polosa, 2014) @,

On the other hand, Kim and Shin, 2013 ©
stated that the E-cig vapor consists of a mixture of
propylene glycol and/or glycerol, nicotine and some
added flavors. This vapor produces different toxic
or carcinogenic chemicals such as particulates,
formaldehyde, nitrosamines, metals, carbonyls,
volatile organic compounds, and polycyclic aromatic
hydrocarbons. Additionally, heat generation by the
battery results in considerable raise of the level of
these chemicals after vaporization (Kosmider et al,
2014) ©. Moreover, the quality and safety of E-cig
liquid (e-liquid) is not certainly insured (Scheffler
et al, 2015) 7.

Meanwhile, small particles emitted from the
tobacco cigarette smoke are likewise produced from
the E- cig vapor and may precipitate on the respiratory
epithelium (Bertholon et al, 2013) ®. They may
also be able to induce carcinogenicity-related gene
expression in human bronchial epithelial cells
similarly to tobacco cigarettes (Cressey, 2014) ©.
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Moreover, the World Health Organization (WHO)
has postulated that E-cigs are not considered a safe
substitute for smoking. Recent studies indicate that
E-cigs may have a limited degree of effectiveness in
arresting smoking (Bertholon et al, 2013) 19,

Obviously, restricted studies are available on
effects of E-cigs in humans and in vivo animal
models (Thomas et al, 2015) @V,

Wu et al, 2014 @ found that nicotine-free
e-liquid promoted IL-6 production and human
rhinovirus (HRV) infection in human airway
epithelial cells. The effect of the nicotine-free e-
liquid was intensified by addition of nicotine, which
proves the damaging effects of E-cigs in the airways
of young people.

It was reported that passive smoking is related
to various dental problems together with changes
in salivary flow rate, decrease in salivary pH,
protein levels and buffering capacity (Avsar et al,
2008) ™. The salivary glands are one of the tissues
commonly subjected to smoke. Nevertheless, it is
debatable whether or not passive cigarette exposure
is correlated to noticeable changes in these tissues
(Ferragut et al, 2011) ™. The objective of this
study was to observe the histopathological changes
of tissue architecture of the submandibular glands in
rats after passive E-cig exposure.

MATERIAL & METHODS

12 adult male Albino rats of average weight
150-200 gm were used in this study. The animals
were housed in separate hygienic cages under the
optimal experimental conditions and fed on ground
barely and supplied water add-libitum. They were
kept in a clean well ventilated room according to
the guidelines of the Animal Ethics Committee.
The protocol of this study was approved by the
Ethical Committee of 6" of October University. The
animals were randomly divided into three groups
four rats each:
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Group I (Control group): Animals of this group
were exposed to fresh air in the inhalation chamber
instead of cigarette smoke.

Group II (E-cigarette 4 weeks): Rats of this
group were exposed to passive E-cig* smoke in
the inhalation chamber. Each rat was exposed to
passive smoke for duration of one hour daily. The
exposure time was divided into 6 equal intervals of
10 mins /hr, 7 days a week. This was carried out for
four successive weeks (OECD, 2009) 19,

Group III (E-cigarette 12 weeks): Rats of this
group were exposed to the same dose of passive

E-cig smoke and were treated in the same manner as
in group II for 12 weeks duration (OECD, 2009) 9,

Inhalation Chamber

The mode of exposure was nose only exposure
in the rate of one rat/experiment. The chamber’s
dimensions 22x12x18 cm (OECD,

2009) (516,

were

Following each treatment period, the animals
were sacrificed by ketamine overdose. Samples of
submandibular glands were gently dissected out and
washed. Each specimen was divided into 2 halves
to be prepared for routine histological examination
and transmission electron microscopic study.

1. Light microscopic study

The first half was fixed in 10% neutral formalin
for 48 hours and embedded in paraffin. Histologi-
cal sections of 5 um thickness were obtained and
stained with haematoxylin and eosin stain.

2. Transmission electron microscopic examination

The second half was kept in 1.5% glutaraldehyde
solution and 2% paraformaldehyde in phosphate
buffer (PH. 7.4), and post fixed in osmium tetraox-
ide. The samples were then dehydrated in ascending
grades of ethanol propylene oxide and embedded
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in epon. Ultrathin sections were stained with ura-
nyl acetate and lead citrate and viewed with JEOL,
JEM-I00S electron, National Cancer Institute, Cairo
University (Hayat, 1986) 47

RESULTS
H&E results

Control group (group I)

Normal architecture of the submandibular
salivary gland’s elements was detected. The acinar
cells were intermediate in structure between serous
and mucous cells (seromucous). The acini were
coalesced to each other exhibiting basal rounded
nuclei and homogenous basophilic cytoplasm.
The intervening striated ducts appeared intact with
normal columnar cell lining (Fig. 1;a). The excretory
ducts showed normal pseudostratified ductal outline
within the connective tissue septa in-between the

lobules of the gland (Fig. 1;b)

E-cigarette 4 weeks (group II)

Histological findings of this group revealed
spacing between the acini. Signs of atrophy and
degeneration could be detected among the gland’s
elements. Some acini appeared collapsed and
shrunken; others showed indistinct acinar and
cellular boundaries with numerous cytoplasmic
vacuolation. Few nuclei appeared flattened, while
some acini exhibited degenerated nuclei. The
striated ducts appeared degenerated with indistinct
ductal outlines and again revealed abnormal
configuration. Extravasated blood was marked
between the parenchymal elements (Fig. 2;a). The
excretory duct showed some areas of degeneration
of lining epithelium. Some epithelial cells were
desquamated and appeared in clusters within the
duct (fig. 2;b). Dilated and congested blood vessels
with interstitial hemorrhage were obvious between

the parenchymal tissues (fig. 2;c)

* Commercially available cigarettes (Like E-liquid Soprano, made in Italy) composition: propylene glycol, glycerol,

nicotine, flavors and water.
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Fig. (1) Photomicrograph of rat submandibular salivary gland of group I showing: (a): seromucous acini (black arrows), striated
duct (red arrow). (b): excretory duct (yellow arrow) (H&E: (a) 400X, (b) 200X).

Fig. (2) Photomicrograph of rat submandibular salivary gland of group II showing: (a): collapsed acini & indistinct acinar boundaries
(black arrows), cytoplasmic vaculation (yellow arrows), degenerated acinar nuclei (blue arrows), degenerated striated
ducts & GCT (red arrows), Extravasated blood (red stars). (b): areas of degeneration of excretory duct epithelium (black
arrow heads), desquamated epithelial cells (blue stars). (c): dilated and congested blood vessel (yellow star), interstitial
hemorrhage (red stars) (H&E: (a) 400X, (b) 400X, (c) 400X)
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E-cigarette 12 weeks (group III)

In comparison to the previous group, similar
histological findings have been detected with more
deleterious changes in the glandular parenchyma.
Marked distortion of the gland’s architecture with
apparent extensive parenchymal spacing and
widened connective tissue septa were obviously
seen (fig. 3;a). Massive atrophy and degeneration of
the acini and ducts could be detected with nuclear
pleomrphism and disrupted ductal outlines (fig. 3;b).
The excretory duct showed flattened, disfigured
and atrophied epithelial lining with fragmented
epithelial clusters inside (fig. 3;c). Moreover, the

blood vessels were markedly congested and loaded

(2333)

with RBCs together with proliferated perivascular
fibrosis (fig. 3;d).

Transmission electron microscope results
Control group (group I)

Parenchymal cells of the submandibular salivary
gland showed normally appearing rounded nucleus
with regular outline and homogenously distributed
chromatin (Fig. 4). Active and well-developed rough
endoplasmic reticulum was observed throughout
the cytoplasm together with abundant mitochondria
with clearly detected cristae (Figs. 5, 6). In addition,
secretory granules (Fig. 4) and some lysosomes
were also noted (Fig. 5)

Fig. (3) Photomicrograph of rat submandibular salivary gland of group III showing: (a): extensive parenchymal spacing & widened
C.T. septa. (b): massive atrophy of the acini and ducts with nuclear pleomrphism (black arrows), disrupted ductal outlines
(black arrow heads). (c): flattened & disfigured epithelial lining (green arrows), fragmented epithelial clusters (blue star).
(d): congested blood vessel (yellow stars), proliferated perivascular fibrosis (green arrow heads) (H&E: (a) 200X, (b) 400X,
(c) 400X, (d) 400X)
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E-cigarette 4 weeks (group II)

Under E/M, this group showed signs of cellular
damage. The nucleus presented irregular nuclear
membrane with peripheral and unevenly distributed
chromatin. showed

The cytoplasm signs of

ag = 10003
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Direct M
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degeneration with intervening secretory granules
forming pools of secretion (Fig. 7). Moreover,
dilated sacs of rough endoplasmic reticulum were
basally located. On the other hand, the mitochondria
appeared moderately distended, pleomorphic with

partially disrupted cristae (Figs. 7, 8).

11
Mag = 37698x @ 102 in
cquired 12, 2016 at 11:14

Dir. g = 2000x
JEOL JEM-100S

Fig. (4) Electron micrograph of seromucous cell of the
submandibular gland acini group I showing: rounded

nucleus and homogenously distributed chromatin
(green arrows), secretory granules (red stars) (Uranyl
acetate and lead citrate 1000X).

Direct Mag = 4000x
JEOL JEM-100S

75396x @ 102 in
13, 2016 at 12:18

Fig. (5) Electron micrograph of seromucous cell of the
submandibular gland acini group I showing: well-
developed rough endoplasmic reticulum (red arrows),

mitochondria (yellow arrows), lysosomes (blue arrows)
(Uranyl acetate and lead citrate 2000X).

Fig. (6) Electron micrograph of seromucous cell of the
submandibular gland acini group I showing: well-
developed rough endoplasmic reticulum (red arrows),
mitochondria with its cristae (yellow arrows) (Uranyl
acetate and lead citrate 4000X).

Fig. (7) Electron micrograph of seromucous cell of the
submandibular group II showing:
irregular nuclear membrane & peripheral chromatin
(green arrows), secretory granules (red stars), dilated
sacs of rough endoplasmic reticulum (red arrows),

gland acini

mitochondria with partially disrupted cristae (yellow
arrows) (Uranyl acetate and lead citrate 2000X).
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E-cigarette 12 weeks (group III)

Severe degenerative changes could be detected
in 12 weeks E-cigarette smoke exposed group when
compared to the previous group. Morphologically
abnormal nuclei and alteration of the nuclear
detectable
nuclei exhibited areas of condensed, irregularly

membrane  were features. Some

distributed chromatin together with irregularity
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and dilatation of their nuclear membrane (Figs. 9,
10). Meanwhile, the cytoplasm showed massive
vacuolar degeneration (Fig. 9) while the secretory
granules were hardly detected (Fig. 10). The rough
endoplasmic reticulum was sparse, disrupted,
severely diminished and abnormally dilated. Some
areas showed mitochondrial degeneration with

disrupted or disappeared cristae (Fig. 10).

= 37698x @ 102 in
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Fig. (8) Electron micrograph of seromucous cell of the
submandibular gland acini group II showing: dilated
sacs of rough endoplasmic reticulum (red arrows),
distended mitochondria with partially disrupted cristae
(yellow arrows) (Uranyl acetate and lead citrate
4000X).

Direct Mag = 2000x
JEOL JEM-100S

Fig. (10) Electron micrograph of seromucous cell of the
submandibular gland acini group III showing: dilatation
of the nuclear membrane (green arrow), secretory
granules (red star), dilated and disrupted rough
endoplasmic reticulum (red arrows), mitochondrial
degeneration with disrupted cristae (yellow arrows)
(Uranyl acetate and lead citrate 2000X).

Fig. (9) Electron micrograph of seromucous cell of the

submandibular gland acini group III showing:

condensed, irregularly distributed chromatin (yellow
stars), dilatation of the nuclear membrane (green
arrow), vacuolar degeneration of cytoplasm (black
arrows) (Uranyl acetate and lead citrate 2000X).

DISCUSSION

Smoking was found to induce various effects
on the oral cavity and associated structures which
predispose to precancerous and cancerous lesions.
The salivary glands are one of the most important
affected structures (Neville and Day, 2002) @9,
E-cigarettes have received a considerable attention
and popularity within the last years. They play
major role in nicotine replacement therapy (Ayers
et al, 2011) ™ and are among the newest and most
hopeful products for reduction of tobacco injury
(Polosa et al. 2013) @. Commercially sold E-cigs
contain a wide range of nicotine concentrations
(Etter,2014)”. The level of nicotine exposure from
use of E-cigs is markedly variable (Callahan-Lyon,
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2014) @Y. Tt is well known that nicotine is absorbed
through the airway, skin, mucous membranes and
gastrointestinal tract (Nowakowski, 1997) @, To
date, limited data are available regarding the clinical
effects of E-cig use, also nearly no established
animal models of E-cig exposure is introduced
(Thomas et al, 2015) 9,

In the ongoing study, histological examination
of submandibular salivary glands of E-cig treated
groups revealed spacing between the acini
and widening of the connective tissue spaces.
Similar results were observed by Binsawad et al,
2011 ®, who reported widening of intertubular
spaces with a decrease in interstitial tissue elements
of rats’ testicular tissue exposed to cigarette smoke.
A relevant study showed increased spaces between
the prostatic acini in nicotine treated rats (Lina et
al,2014) @¥. Also, Valenca et al, 2008 > suggested
that nicotine induced toxic effects in liver resulting

in reduction of hepatocytes number.

Major histopathological changes were noticed
in group II treated rats and were severely expressed
in group III, indicating signs of degeneration and
deterioration. These changes included atrophy
and collapse of the acini and ducts with indistinct
boundaries. These forgoing observations are in
agreement with Valenca et al, 2008 ®® and Gawish
et al, 2012 ?® who verified cloudy cellular limits
and histoarchitecture loss of hepatocytes of nicotine
treated rats. Moreover, Cunha et al, 2010 ©”
demonstrated de-epithelization of the circumvallate
papillary surface and glandular atrophy in cigarette
smokers. Endometrial glands also exhibited marked
atrophy in rats subjected to smokeless tobacco
(Singha, and Kazi, 2015) @, The toxicity of
nicotine or its related metabolites may explain the
observed degenerative and atrophic changes (Bao et
al, 2002) @, Furthermore, it was found that E-cigs’
vapor contain silicate particles and metal elements,
which may have some cytotoxic effects (Williams
et al, 2013) ¢,
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On the other hand, some acini and ducts showed
disappearance or flattening of their nuclei. This
result was concomitant with El-Meligy et al,
2007 ®Y and Iranloye and Bolarinwa, 2009 ¢ in
nicotine treated rats’ ovary and heart cells respec-
tively. Meanwhile, areas of cytoplasmic vacuolation
apparent in groups II and III were parallel to that
reported by El-Meligy et al, 2007 Y, Fujinami et
al, 2009 © and Binsawad et al, 2011 ®¥ indicating
degeneration and functional loss.

The previously mentioned degenerative changes
could be explained by the existence of a significant
amount of free radicals in E- cigs’ vapor, which
results in increase in oxidative stress. Although
this amount of free radicals is lower than that
produced from conventional cigarette smoke, it is
considerable that could be potentially toxic to cells.
Also, the battery output voltage plays a vital role
in generation of other toxic compounds (Kosmider
et al, 2014) ©®. Moreover, it is conceivable to
suggest that the histological damage caused by
the administration of a nicotine source may be
attributed to reduction in glutathione level and
glutathione peroxidase activity (enzymes which
protect from oxidative damage) (Neogy et al.,
2008) @Y. The deficiency of antioxidant system is
a result of an imbalance between the generation
of reactive oxygen species (ROS) and antioxidant
levels. When these species react with biomolecules
in the cell, including proteins and nucleic acids,
oxidative damage and destruction of cell membrane
may occur and can lead to cells death (McCord,
1993) 5 and (Aoshiba and Nagai, 2003) ©9,
Recent study documented that human bronchial
epithelial cells subjected to E-cigs’ vapor show
significantly lower cell viability as well as higher
oxidative stress levels when compared to clean air
exposed cells (Scheffler et al, 2015) @.

On the other hand, dilated and congested blood
vessels with interstitial hemorrhage were noted
between the parenchymal tissues in the treated
groups. This data was coincident with Binsawad
et al, 2011 ®» and Dhouib et al, 2014 ¢ who
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identified dilated and engorged blood vessels with
large number of RBCs in cigarette smoke and
nicotine subjected rats’ testicular and liver tissues
respectively. In this regard, Dianzani, 1985 ©¥
proposed that nicotine can induce hematological
changes in experimental animals which may
indicate the enhanced erythropoiesis. Meanwhile,
group III treated rats also showed proliferated
perivascular fibrosis. This was in close agreement
with Gawish et al, 2010 ®® who observed thickened
and hyalinizied wall of arterioles in the widened
intertubular regions in testicular glands of nicotine
treated mice.

Transmission electron microscopic results sup-
ported those of H&E stained results. Irregular
nuclear membrane with peripheral and unevenly
distributed chromatin was constant observations
in E-cig smoke exposed groups. Signs of degen-
eration of intracellular organelles and cytoplas-
mic vacuolation were also documented. These re-
sults were strongly supported by Cervellati et al,
2014 “» who postulated that human lung epithe-
lial cells exposed to E-cigs revealed increase in
vacuolization, degeneration of organelles and ex-
pansion of the mitochondria and the endoplasmic
reticulum. In another study, Binsawad et al, 2011
@ verified ring shaped arrangement of periph-
eral chromatin in testicular tissue of rats exposed
to cigarette smoke. On the basis of these available
results, suggestions could be interpreted that ROS
cause injury to the cell membrane resulting in leak-
age of intracellular materials and influx of calcium
together with decrease in ATP (adenosine tri-phos-
phate) level and nuclear chromatin destruction. In-
creased ROS production also leads to diminished
mitochondrial function and subsequently reduc-
tion of the energy supply in old cells (Toyokuni,
1999) @Y Yamazaki et al, 1999 “? also stated that
one of the mechanisms by which nicotine enhances
generation of ROS is disrupting the mitochondrial
respiratory chain.

A matter of concern is that all histopathological
findings appeared to be more exaggerated with
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prolongation of the exposure period, which
was markedly supported by other investigators
(Binsawad et al, 2011) @ and (Gawish et al,
2012) @9,

Based on the formerly mentioned data, it can
be concluded that passive E-cig smoking led to
deleterious structural changes in the submandibular
salivary glands, which could significantly affect
function with prolonged exposure. This indicates
that E-cig is not really safe and its use to replace
cigarette smoking cannot be recommended.
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