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Abstract

Background. An electronic cigarette (e-cigarette) is initially marketed as an assistant product to quit smoking or
limit its use. However, recent studies suggest the opposite, describing it as a product that lacks adequate quality
and user safety. The present study aimed to investigate the effect of e-cigarette flavoring agent (cinnamon flavor)
on the neural retina development of chick embryos and apoptosis induction after the early and late apoptosis
stages by quantitative detection of gene expression CASP-3 at both embryonic days E9 and E17.

Methods. Fertilized chicken eggs were divided into two groups: control and treatment, and each group included
two embryonic days; E9 and E17. For each treatment stage, two dosages of the treatment were applied, 2%
and 5%. The neural retinas were dissected from the sclera and retinal pigment epithelium for subsequent RNA
extraction and histological examination.

Results. This study indicated that aerosol of the subtle cinnamon flavor e-liquid causes downregulated expression
of CASP3 in neural retina development. In addition, the hematoxylin and eosin (H&E)-stained sections showed
multiple structural changes in the retinal layers and evidence of apoptotic cell death.

Conclusion. Cell death was visible and abundant in E9, and E17 concludes that flavor vapor condensate treatment
caused neuronal cell death. CASP-3 was downregulated, which indicates that cell death occurred independently
of CASP-3. (Folia Histochemica et Cytobiologica 2021, Vol. 59, No. 4, 245-258)

Key words: chick embryo; caspase-3 (CASP-3); electronic cigarette; histology; retinal development

Introduction components of e-cigarette liquids, including tra-

ditional flavors, such as tobacco or menthol, and

Electronic cigarettes (e-cigarettes), also known as
electronic nicotine-delivery systems, are hand-held
products that mimic the use of traditional cigarettes
but do not burn [1, 2]. Flavoring agents are optional
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contemporary flavors like fruit, sweet, and beverage.
Besides, many e-cigarette users may create a mixture
of different flavors available through manufacturers
of nutritional flavors to create exclusive flavors [3, 4].
The addition of flavoring agents in e-liquid has led to
increased e-cigarette product marketing and allowed
the manufacturers of e-liquid to market these liquids
with attractive names amongst consumers, especially
young people [5, 6]. More than 75% of e-cigarette
users prefer to use other flavors than tobacco. The
two most common flavors among e-cigarette users are
fruit and sweet. In addition, cinnamon flavor e-liquids
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(cinnamaldehyde) are often identified as best sellers
[7]. However, the Flavor Extract Manufacturers Asso-
ciation (FEMA) has indicated that they must be used
at specific concentrations only in consumed foods,
not through exposure to heating using e-cigarettes
and inhalation [5].

One previous study indicated that the free-nicotine
e-liquids cause cytotoxicity to different cells in vitro
[8]. The cytotoxicity of 41 e-liquids was evaluated on
mouse neural stem cells, human embryonic stem cells,
and human pulmonary fibroblasts. The cytotoxicity
was related to the number and concentrations of
chemicals used in the flavors and not exposure to
nicotine. The cinnamon flavor was the most potent
effect on the three types of cells [7]. Previous studies
indicated that e-liquid aerosol inhalation leads to
DNA damage, carcinogenesis, inflammation, oxida-
tive stress, and apoptosis [9]. Also, a previous study
found that levels of reactive free radicals in e-cigarette
vapors are high, reaching greater than 1013 molecules
per puff, and may contribute to the development of
smoking-related diseases [10]. e-Cigarettes may not
be an effective alternative for quitting smoking, due to
the lack of monitoring and laws that include sufficient
quality and safety for the user [11, 12].

Caspase-3 (CASP-3) is an executioner caspase
because it causes cellular dysfunction and destruction
of cellular structures such as DNA fragmentation and
leads to cell shrinkage. Numerous research studies
focused on apoptosis in the developing nervous system
[13, 14]. CASP-3 is associated with numerous acute
and chronic neurodegenerative disorders, including
Huntington’s disease, Alzheimer’s disease, and Par-
kinson’s disease, distinguished by neuronal cell death
[13]. Although CASP-3 has been recognized as a sig-
nificant factor in the occurrence of apoptosis, there
are molecular mechanisms involved in regulating
apoptosis independent of caspase that are somewhat
unknown [15]. Also, apoptosis may occur in response
to oxidative stress [16]. Smoking, in general, contrib-
utes to the development of many diseases. This may
be due to the oxidative stress induced by free radicals,
which influence many cellular pathways. One previous
study showed an increase in the free radical produc-
tion in the e-cigarette aerosols containing flavors
compared to the e-cigarette aerosols free of nicotine
and flavor [17, 10]. Exposure to e-cigarette vapor
has been observed to increase oxidative stress levels,
impair gene expression and molecular pathways, and
cause DNA damage [8]. Previous studies have shown
that increased oxidative stress on the retina causes
diseases in the retina, such as retinal degeneration
or other types of neurodegenerative disorders. In
comparison, the oxygen supply in the retina decreases,
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even though the blood supply is still normal, which
causes an excessive oxidation state that affects all cells
and therefore subjects them to apoptosis [18].

The chicken (taxon — Gallus gallus) was one of the
first models for developmental research and one of the
best models for studying many eye diseases, especially
the retina. This enables researchers to conduct several
experiments in a short period and collect a large amount
of data. The anatomical structure of the chicken eye in-
dicates that it contains the same essential components of
the human eye: cornea, sclera, choroid, ciliary body, lens,
iris, retina, optic nerve, but with differences, including
chicken eyes are oblate, with an axial length of 12-13 mm
[19]. Previous studies have shown that neurons in the
chicken retina are produced excessively. During devel-
opment, two cell death waves occur in the developing
nervous system in which half or more of these cells are
eliminated afterward. In the chick embryo retina, the
first wave occurs between embryonic day (E4) and E7,
and the second wave occurs between embryonic day
(E10) and E14. Between them, the regulation level of
apoptosis generally decreases [20].

The present study aimed to investigate the effect
of e-cigarette flavoring agents (cinnamon flavor) on
the neural retina development of chick embryos and
in inducing apoptosis after the early and late apoptosis
stages in the neural retina of chick embryos by qual-
itative detection of gene expression of CASP-3 with
RT-qPCR atboth E9 and E17. Furthermore, the study
examined the morphological changes in the retinal
tissue in response to the treatment with e-cigarette
vapor condensate at the same embryonic stages.

Materials and methods

Ethics statement. The study was ethically reviewed by King
Fahd Medical Research Center, King Abdulaziz University,
Jeddah, Saudi Arabia. The experimental protocol was ap-
proved by the Animals Care and Use Committee (ACUC)
and Research Ethics Committee (REC).

Materials. e-Cigarette third-generation device was pur-
chased as a kit (SMOK, Shenzhen IVPS Technology Co
Limited, Shenzhen, China). e-Liquid components were
purchased from an international commercial online shop
and were prepared manually in the laboratory. Pipet tip
(Super-silk, Labcon. Petaluma, CA, USA), Masterflex Plat-
inum-cured Silicone tubing 2.06 mm (Cole-Parmer, Vernon
Hills, IL, USA), centrifuge tube (Eppendorf Corporate,
Hamburg, Germany), and parafilm (Bemis Company, Inc,
Oshkosh, WI, USA). Sterile syringes were purchased from
BD Micro-Fine™ Plus, USA. RNAlater® solution, RNeasy
Mini Kit, and QuantiFast SYBR® Green PCR Kit were
purchased from QIAGEN, Hilden, Germany, and Nano
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Drop 2000C (Thermo Scientific, Waltham, MA, USA),
ImProm-II™ Reverse Transcription System kit (Promega™,
Corporation, Madison, WI, USA).

Animals. Fertilized chicken eggs were obtained from a local
farm in Jeddah, Saudi Arabia, and incubated in humidified
incubators at 38.2°C with rotation every 6 hours (Black Chick
incubators, Bangkok, Thailand) for the specified embryonic
days according to Hamburger and Hamilton staging system.

Study design. Eggs were divided into two groups: control
group and treatment group and each group include two
embryonic days; E9 and E17. For each treatment stage, two
dosages of the treatment were applied, low (2% v/v) and
a high (5% v/v) concentration. Flavoring agent (e-liquid)
was prepared according to v/v percentage in 10X phos-
phate-buffered saline (PBS).

Preparation of e-cigarette aerosols condensate. The steam
engine website’s publicly available calculating tool (https:/
www.steam-engine.org/) was used to prepare the compo-
nents at a given percentage concentration.

In an empty and dark bottle, the mixture of PG/VG was
prepared at a ratio of 50/50 and contained flavoring liquid at
15%. Then the mixture was stored in a dark and cool place
for three weeks to allow its components to bind together. The
e-cigarette was set at 55 W and 70 volts per puff. Puffis set to act
as a simulation of human use. Puff duration was for 5 seconds
with intervals of 30 seconds. While running the e-cigarette, the
mouthpiece of the e-cigarette was connected to a collection
system introduced by Olmedo et al. [21], containing a series of
200 ul pipet tips alternating with Masterflex Platinum-cured
Silicone tubing 2.06 mm. In this study, a small water pump
appliance was used to generate the e-cigarette aerosol. The
puffed e-cigarette aerosol condenses at room temperature as
it flows through the system then collected in a 1.5 ml centrifuge
tube and sealed by parafilm. Then the condensate was diluted
immediately to the desired concentration with 10x PBS.

Treatment. At E7, the eggs were first sterilized, then a hole
was made in the air chamber with a needle tip to treat the
embryos by injecting the treatment solution using sterile
syringes. 0.1 ml of e-cigarette aerosols condensate was in-
jected for all samples. Finally, the injected spot was sealed
with transparent tape.

Dissection. The eggs were opened from the air chamber
at the desired embryonic stages, E9 and E17, and embryos
were extracted and placed into a Petri dish in a 10% PBS
physiological solution. Embryos were immediately decapi-
tated with scissors, and eyelids were cut away to remove the
left whole eye without piercing it carefully. The front of the
eye is removed, along with the vitreous body using forceps.
Then, the neural retinas were dissected from the sclera and
retinal pigment epithelium, transferred to RNAlater® solu-

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2021
10.5603/FHC.a2021.0028

ISSN 0239-8508, e-ISSN 1897-5631

247

tion, and stored at 4°C for subsequent total RNA extraction.
The whole right eye was used for histological examination.

Gene expression. RNeasy Mini Kit performed total RNA
extraction for retina tissue. RNA purity and concentration
were assessed by determining the spectrophotometric ab-
sorbance of the samples at 230, 260, and 280 nm and ratios
of A260:A280, total RNA extraction was stored at —80°C.
Complementary DNA (cDNA) synthesis selectively from
mRNA by utilizing ImProm-II"™ Reverse Transcription
System kit was synthesized. Complementary DNA (cDNA)
synthesis selectively from mRNA by utilizing ImProm-I1™
Reverse Transcription System kit was synthesized. Cus-
tom-made primers were designed for CASP-3 and beta-Actin
housekeeping gene (8B4ACT.) using the web-based program
Primer3Plus (http://www.bioinformatics.nl/primer3plus).

The sequence of primers that used in experiment CASP3
(GeneBank ID: NM_204725.1) Forward 5 AGC GAA GCA
GTTTTGTTT GT 3’ and Reverse 5’ GGT CCA CTG TCT
GCT TCA AT 3. BACT (GeneBank ID: NM_205518.1)
Forward 5> TGG AGT CCT GTG GTA TCC AT 3’ and
Reverse 5" GCT GTG ATCTCCTTC TGC AT 3°. RT-qP-
CR reaction was performed by using standard protocols,
QuantiFast SYBR® Green PCR Kit. A mixer of a total 20 ul
was prepared by a combination of cDNA and nuclease-free
water according to the cDNA concentration. Finally, PCR
Master Mix was prepared for CASP3 and BACT.

Histological studies. For light microscopy, the whole right
eyeball from each embryo was immersed in 10% neu-
tral-buffered formalin for 24 hours, washed, dehydrated,
cleared, and then embedded in paraffin. Paraffin sections of
5-7 pm thickness, mounted on glass slides for hematoxylin
and eosin (H&E) [22] staining to examine the histological
changes in the different groups. Slides were examined and
taken images using Olympus BX51 microscope (Tokyo,
Japan) at 20, and 40 X magnification power.

Statistical analysis. Calculations were performed for rela-
tive gene expression fold change by delta-delta Cr (AACr)
method using MS Excel. Data were expressed as mean +/—
standard error of cycle threshold (Cr) data mean and were
analyzed by IBM SPSS Statistics for Windows, version 23
(IBM SPSS, IBM Corp., Armonk, NY, USA) for compar-
ative analysis between pairs of groups using ANOVA with
apost-hoc test. Cr replication values were used for the com-
parative test. p < 0.05 is considered statistically significant.

Results

Viability analysis

When observing the vitality of the injected embryos and
comparing them with the control, it was observed that all
samples were alive when opened at E9 and E17 and no
congenital malformations were observed (Fig. 1 and Fig. 2).
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Figure 1. Chick embryo at E9 was injected with e-cigarette aerosol condensate containing cinnamon flavor at the low con-
centration of 2% (A, B) and at high concentration of 5% (C, D).

Table 1. CASP-3 expression fold change at E9

Sample ID Avg. Ct CASP-3 Avg. Ct fACT Reference PBS
ACT AACT Ratio Downregulation fold
change (1/R)
E9 WT control negative 5.653 0.2 7154 £ 29 -1.501 -0.727 1.655
E9 Low concentration 21734 £ 3 14.773 £ 6.8 6.961 7.735 0.005 213
E9 High concentration 29.042 + 8.6 15.425 £ 2.6 13.617 14.391 0.00005 21480

Data were expressed as mean * standard error. WT — wild type; PBS — phosphate-buffered saline; (AACr) — delta-delta Cr; (Cr) — cycle threshold

The real-time reverse transcription-quantitative
polymerase chain reaction (RT-qPCR) results
CASP-3 gene expression analysis revealed that both
treatment concentrations had an effect. At E9, CASP-
3 expression level was significantly higher in group I
control wild type and group II control PBS versus E9
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samples treated. The results indicated that CASP-3
in group III low concentration 2% was significantly
downregulated (213-fold change), and observable
downregulation for group I'V high concentration 5%
(21480-fold change) (Table 1 and Fig. 3). Meanwhile,
at E17, the CASP-3 expression level in the control PBS
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Figure 2. Chick embryo at E17 was injected with e-cigarette aerosol condensate containing cinnamon flavor at low concen-

tration 2% (A, B) and at high concentration 5% (C, D).

Table 2. CASP-3 expression fold change at E17

Sample ID Avg. Ct CASP-3 Avg. Ct fACT Reference PBS
ACT AACT Ratio Downregulation fold
change (1/R)
E17 WT control negative 35.070 £ 1.5 28.626 = 1.5 6.344 13.482 0.00009 11437
E17 Low concentration 32.661 £5.2 25342 £ 4.6 7.320 14.457 0.0004 22490
E17 High concentration 31.687 £ 1.8 30.910 = 2.1 0.777 7.914 0.004 241

Data were expressed as mean * standard error. WT — wild type; PBS — phosphate-buffered saline; (AACr) — delta-delta Cr; (Cr) — cycle threshold

group was significantly higher than the other three
groups. CASP-3 in E17 was significantly downregu-
lated in samples group I control wild type (11437-fold
change), observable downregulation in group III
low concentration of 2% (22490-fold change), and
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downregulation for group IV high concentration 5%
(241-fold change) (Table 2 and Fig. 4).

At E9, CASP3 expression level was significantly
different in low dose (p = 0.005 and p = 0.003) and
high dose (p = 0.001 and p = 0.001) versus WT and

www.journals.viamedica.pl/folia_histochemica_cytobiologica



250

Sdd 64
IM 6d

CASP 3 levels
|

Group E9

Figure 3. CASP-3 downregulation pattern in the neural ret-
ina at E9 in response to treatment with high (H) or low (L)
concentrations of e-cigarette aerosol condensate containing
cinnamon flavor compared with controls wild type and PBS.
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Figure 4. CASP-3 downregulation pattern in the neural reti-
na at E17 in response to treatment with high (H) or low (L)
concentrations of e-cigarette aerosol condensate containing
cinnamon flavor and CASP-3 downregulation pattern in
control wild type compared with control PBS.

PBS, respectively. Meanwhile, at E17, CASP3 expres-
sion level in PBS group was significantly different than
WT (p = 0.006), low dose (p = 0.026) and high dose
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(p = 0.015). In WT group, CAPS3 was significantly
higher in E17 versus E9 (p < 0.0001) (Table 3 and
Fig. 5).

Histological Studies

Histological studies at E9

Chick embryo group I (control wild type) (Figs. 6A
and 7A) and Group II (control PBS) (Figs. 6B and 7B)
showed the same histological findings of the retinal
layers in H& E-stained sections. It was formed of ret-
inal pigment epithelium (RPE), photoreceptor layer
(PRL) of rods and cones, outer limiting membrane
(OLM) outer nuclear layer (ONL), outer plexiform
layer (OPL), inner nuclear layer (INL), inner plexi-
form layer (IPL), ganglion cell layer (GCL), nerve
fiber layer (NFL), and the inner limiting membrane
(ILM). The outermost RPE was a single layer of
small cuboidal cells with pale, oval, basal nuclei and
filled with pigment granules. This layer was resting
on Bruch’s membrane, which separated it from the
choroid. The sclera showed two layers, an inner carti-
laginous layer, and an outer fibrous layer. The fibrous
layer was thinner than the underlying cartilaginous
layer and consisted of closely packed collagen fibers
and hyaline cartilage with chondrocytes surrounded
by the matrix. The rods and cones were a small, pale
region located between ONL and RPE. The photore-
ceptor layer showed an eosinophilic parallel fibrillary
striation pattern and was composed of lightly stained
outer segments and deeply stained inner segments
of the rods and cones. The thick ONL was formed of
several rows containing the closely packed densely
stained nuclei of rods and cones’ cell bodies. The
nuclei were predominantly oval, and few appeared
with elongated nuclei. The identification of this layer
depended on the presence of the OPL which appeared
as a loose network of eosinophilic fibers. The INL
formed of numerous, relatively larger cells and their
nuclei were paler than those of the outer nuclear one.
The GCL was composed of a single discontinuous row
of the cell bodies of the ganglion cells. The ganglion
cells appeared as pear-shaped cells with a large round
nucleus. The axons of the GCL were forming the NFL.
The ILM appeared as a thin membrane.

Group III (low concentration 2%) showed separa-
tion of the retinal pigmented epithelium with disor-
ganization and vacuolated retinal pigment epithelium
in the RPL. A few vacuolations in the outer segment
of the PRL. OPL appeared thinned and disrupted.
Multiple empty spaces are noticed in the INL as well
as an apparent decrease in the thickness of the ONL
with disorganized cells. Scleral cartilage cell nests
appeared with many apoptotic nuclei. The GCL was
observed in focal areas with multiple vacuolation
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Table 3. Comparison of the levels of CASP-3 in different studied groups on different days

Days E9 E17 Significance
Groups
WT 5.65 = 0.14 35.07 = 0.86 P < 0.0001
PBS 5.57 = 1.00 18.82 = 4.88 p =0.072
Significance p =0.984 p = 0.006
Low dose 2173 £ 1.72 32.66 + 3.66 p =0.053
Significance p = 0.005; 2p = 0.003 p =0.672;%p = 0.026
High dose 29.04 = 6.10 31.69 = 091 p =0.542
Significance p = 0.001;%p = 0.001; °p = 0.095 Ip = 0.481; %p = 0.015; °p = 0.856

Data were expressed as mean =+ standard error. 'p — significance versus WT; 3p — significance versus PBS; 3p — significance versus low dose;

p — significance versus the same group in different ages.
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Figure 5. Comparison of the levels of CASP-3 in different studied groups at different days. Data were expressed as mean *+

standard error. *p < 0.05; **p < 0.01; ***p < 0.001.

areas around a few shrunken irregular ganglion cells
and some cells had deeply stained nuclei pyknotic
nuclei (Figs. 6C and 7C).

H&E-stained sections of chick embryo (group
IV) treated with high concentrations of 5% showed
marked multifocal structural changes. The retinal
pigmented epithelium’s detachment appeared in focal
areas, and in most of the retinal pigment epithelium
revealed deeply stained acidophilic cytoplasm with
deeply stained pyknotic nuclei. The PRL showed dis-
organization with multiple vacuolations areas in the
outer segments. Some photoreceptor nuclei appeared
pyknotic in the ONL. Moreover, the diminished cell
population of the ONL and INL was noticed with
empty spaces between their cells. Many cells in the
INL showed dark pyknotic nuclei. Moreover, there
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was disorganization of the OPL and IPL with widening
of the spaces between their fibers mostly appeared in
the IPL. The GCL showed rarefaction or vacuolation
and contained disorganized cells with deeply stained
pyknotic nuclei. Scleral cartilage appeared with dark
pyknotic nuclei (Figs. 6D and 7D).

Histological studies at E17

Group I control wild type (Figs. 8A and 9A) and group
II (control PBS) (Figs. 8B and 9B) exhibited the same
histological findings. They showed all layers of the
retina. The sections were at a more advanced stage
than E9 embryo development. In this age group, the
retinal layer was clearly defined. In histological sec-
tions in E17 embryos, the sclera from the wild control
group showed hyaline cartilage in the scleral layer.
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Figure 6. Photomicrographs of a section in the retina of at E9 at magnification 20X studies : A. Group I normal retina con-
sists of layers from outward to inward; RPE, PRL, ONL, OPL, INL, IPL, GCL, NFL, and ILM. A choroid layer (C) is seen
adjacent to the RPE and definitive scleral cartilage (S) is seen adjacent to the choroid. B. Group II is the ten layers of the
retina. Notice the OPL and the IPL exhibit reticular appearance. A layer of hyaline cartilage within the sclera (S) appears
adjacent to the choroid (C). C. Group III disorganization with focal separation and vacuolated cells of the RPL, disorganized
and vacuolated PRL (*). Notice multiple empty spaces (E) in the INL and an apparent decrease of the thickness of the ONL
with disorganized cells. D. Group IV focal separation of the RPL (arrow), vacuolations (V) of the INL and marked empty
areas (E). Notice disorganized OPL and IPL with apparent decreased thickness. GCL shows multiple areas of vacuolation

(*). Scleral (S) cartilage appears with dark pyknotic nuclei. Symbols of retinaal layers were explained in the main text.

The RPE formed of tall columnar cells with wide
gaps due to rods and cones projecting in between,
showing a vacuolated area. The PRL could be seen
as the pale-looking, lightly stained elongated photo-
receptor cells projecting towards the RPE producing
vacuolated appearances. The ONL was formed of
a band of cells with rounded nuclei. Moreover, the
OPL appeared thin fibrous layer. The compact INL
with predominantly rounded nuclei and a wide mul-
tilayered IPL layer formed of fibrous tissue. Under-
neath the IPL, the single-layered ganglion cells and
glial cells ran parallel to IPL. The ganglion cells axons
extended down and formed the NFL. The retina’s
inner limit was the thin ILM.

Group III treated with low concentration (2%)
showed a focal area of separation of the RPL and
other sections with loss of the retinal pigment epithe-
lium. The ONL showed few cells with deeply stained
pyknotic nuclei. Multiple empty spaces in the INL
with mild degenerated cells with pyknotic nuclei were
seen. GCL showed multiple vacuolation areas around
a few shrunken and irregular ganglion cells and some
cells had deeply stained pyknotic nuclei. OPL and
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IPL appeared nearly as the control group. A choroid
layer was seen wide with increased fibrous tissue and
dilated blood vessels sinusoids. At the scleral layer,
marked degenerated chondrocytes with deeply stained
pyknotic nuclei were observed (Figs. 8C and 9C).
Group IV treated with high concentration (5%)
showed an apparent marked reduction in the retinal
thickness and marked disorganization of all layers.
Some sections appeared with the area with loss of
the retinal pigment epithelium of RPL. There was
a focal separation of the retinal pigment epithelium
in the RPL, which appeared with deeply acidophilic
cytoplasm and deeply stained pyknotic nuclei. The
photoreceptor cell layer exhibited marked loss of rods
and cones, which appeared as empty spaces without
cell processes. The nuclei of the INL and ONL are
small and darkly stained pyknotic nuclei with widen-
ining of intercellular spaces between the cells of the
ONL. The GCL revealed pyknotic nuclei of gangli-
onic cells with some vacuolation. ILM appeared very
thin and disrupted. Disorganized OPL and IPL are
noticed with an apparent decrease in their thickness.
The choriocapillaris layer had dilated congested blood
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Figure 7. Higher magnification of the previous section at E9 at 40x: A. Group (I)IPL with the same reticular appearance of
the OPL, but thicker. GCL is formed of one row of large rounded widely separated ganglion cells (yellow arrow) with large
pale nuclei. INL appears with larger and paler nuclei with different shapes, sizes, and densities than those of the ONL. Inset:
Retinal pigment epithelium appears as a single layer of small cuboidal cells that have pale, oval, basal nuclei and are filled
with pigment granules (7). The eosinophilic parallel fibrillary striation pattern of the PRL is composed of lightly stained
outer segments (OS) and densely stained inner segments (IS) of the rods and cones. ONL consists of multiple regularly
arranged rows of small dark nuclei of rod cells (dot arrow) and fewer larger and lighter nuclei of cone cells (red arrow). OPL
exhibits a reticular appearance. Part of INL appears with larger and paler nuclei. B. Group II the ten layers of the retina
with the same histological appearance as group 1. C. Group III multiple empty spaces (E) in the INL. There is also multiple
areas of vacuolation in the GCL (*) around a few shrunken and irregular ganglion cells (yellow arrow) and some cells had
deeply stained nuclei pyknotic nuclei (arrowhead). Inset: Disorganization with focal separation and vacuolated cells of the
RPL, disorganized and vacuolated PRL (*). OPL appears thinned and disrupted. Notice multiple empty spaces (E) in the
INL and an apparent decrease of the thickness of the ONL with disorganized cells. Scleral cartilage cell nest appears with
many apoptotic nuclei (bifid arrowhead). D. Group IV RPL with deep acidophilic and dark pyknotic nuclei (1) of the retinal
pigment epithelium. The diminished cell population of the ONL and INL with empty spaces between their cells and many
pyknotic nuclei in the ONL (red dot arrow) and INL (bifid arrowhead). Notice disorganized PRL with apparent decreased
thickness and multiple areas of vacuolation (V). GCL shows pyknotic nuclei of many ganglion cells (arrowhead) and there
are also multiple areas of vacuolation around a few shrunken and irregular ganglion cells (yellow arrow) and some cells had
deeply stained pyknotic nuclei (arrowhead). Symbols of retinaal layers were explained in the main text.

vessels with increased fibrous tissue. The scleral layer
was seen with marked degenerated chondrocytes with
deeply stained pyknotic nuclei (Figs. 8D and 9D).

Discussion

Studies published in the previous years to focus on
the effects of inhaling e-liquid aerosols. Most of
these studies aimed to study its effects on the heart,
lung, brain, kidneys, liver, and male reproductive
system. Each study differed from others in the way
the researcher treats cells or tissues with e-liquid,
components of e-liquid according to different con-
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centrations, flavor used, and other criteria. The issue
of widespread use of e-cigarettes is neglected in the
Kingdom of Saudi Arabia. Until recently, it turned out
that no clinical reports or randomized trials related to
the health effects of using e-cigarettes on the Saudi
population have been announced [23].

This study was designed to evaluate the effect
of e-cigarette flavoring agents (cinnamon flavor) in
inducing apoptosis after the early and late stages of
apoptosis in neural retinal of the chick embryo on the
molecular (gene) level for proapoptotic CASP-3, then
correlate the gene expression finding with histological
examination of the neural retinal tissue.
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Figure 8. Photomicrographs of a section in the retina of at E17 at magnification 20X: A. Group I normal retina consists of
layers from outward to inward; pigment epithelium (1) with pigment granules, rods, and cones, a vague impression of OLM.
A thin OPL, well-developed ONL and INL, IPL, GCL, NFL, and ILM. Notice the OPL and the IPL exhibit reticular appear-
ance. A layer of cartilage within the sclera (S) is observed. B. Group II the ten layers of the retina as in group I. C. Group
IIT area with loss of the retinal pigment epithelium of RPL. Notice multiple empty spaces in the INL. A choroid layer (C)
is seen wide with increased fibrous tissue with dilated blood vessels sinusoids and the scleral layer (S) is seen with marked
degenerated chondrocytes with deeply stained pyknotic nuclei (1). D. Group IV area with loss of the retinal pigment epithe-
lium of RPL. Notice multiple empty spaces in the INL. GCL shows multiple areas of vacuolation (*). A choroid layer (C) is
seen wide with increased fibrous tissue with dilated blood sinusoids and the scleral layer (S) is seen with marked degener-
ated cartilaginous sclera with deeply stained pyknotic nuclei (1). Symbols of retinaal layers were explained in the main text.

Cinnamon flavor has been chosen in this scientific
experiment, it contains toxic concentrations from
the cinnamaldehyde that negatively affect the health
of embryonic cells, it also contains other dangerous
chemical compounds [24].

In the present study, CASP-3 expression levels
were significantly downregulated when exposed to
the low and high dose of cinnamon flavor used in
the e-liquids of the e-cigarette at E9 in comparison
to control groups. These findings could be explained
by the toxic effects of cinnamon flavor, which induced
oxidative stress and apoptosis [26]. Meanwhile, at
E17, the CASP-3 expression level in the wild type of
group was significantly lower than PBS group and
no dark pyknotic nuclei were noticed in all layers
of the retina. This came in agreement with Vecino
et al. [20], who mentioned that the later wave of
programmed cellular death in the developing chick
retina occurs between E10 and E14; hence, E17 fol-
lows the late cell death. Additionally, Doonan ef al.
[27], mentioned that the cells of the immature retina
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are inherently different from adult retinal neurons in
terms of the pro-apoptotic mediators they express.
A host of pro-apoptotic proteins are expressed at
high levels in the emerging retina and downregulated
at postnatal days. These include downstream medi-
ators such as CASP-3 and CASP-7. Although the
cells appeared in an apoptotic state in all layers of
the retina, the level of CASP-3 was downregulated.
This could be explained by the occurrence of apop-
tosis through different factors other than CASP-3,
most likely by an apoptosis-inducing factor (AIF),
which is released from mitochondria in a caspase-de-
pendent and a caspase-independent manner. AIF
is another mitochondrial-associated protein. It is
normally located in the intermembrane space of mi-
tochondria and upon a proapoptotic signal AIF will
be released from the mitochondria. Subsequently,
AIF migrates to the nucleus, triggers DNA dam-
age, and participates in the activation of caspase 9
in the cytoplasm. The alternative apoptotic pathway
is the external pathway in which death receptors and
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Figure 9. Higher magnification of the previous section at E17 at 40X: A. Group (I) IPL with the same reticular appearance of the
OPL, but thicker and with obviously elongated photoreceptor cells in the PRL protruding in the pigment epithelium producing vac-
uolated appearances (red arrow). GCL is formed of one large rounded widely separated ganglion cells (bifid arrowhead) with large
pale nuclei and few glial cells (yellow arrow). Moreover, INL appears with larger and paler nuclei with different shapes, sizes, and
densities than those of the ONL. B. Group II the ten layers of the retina with the same histological appearance as group I. C. Group
I1I focal area of separation of the RPL. The ONL shows few cells with deeply stained pyknotic nuclei (red dot arrow). Multiple
empty spaces (E) in the INL with mild degenerated cells with pyknotic nuclei (arrowhead) are seen. GCL shows multiple areas of
vacuolation (*) around a few shrunken and irregular ganglion cells (yellow arrow) and some cells had deeply stained pyknotic nuclei
(bifid arrowhead). Notice OPL and IPL with appearing nearly as the control group. D. Group IV deeply acidophilic retinal pigment
epithelium with darkly stained pyknotic nuclei of RPL. The ONL appears with marked thinning and deeply stained pyknotic nuclei
(red dot arrow). Multiple empty spaces (E) in the INL with marked degenerated cells with pyknotic nuclei (arrowhead) are seen.
GCL shows multiple areas of vacuolation (*) around a few shrunken and irregular ganglion cells (yellow arrow) and some cells
had deeply stained pyknotic nuclei (bifid arrowhead). ILM appears very thin and disrupted. Notice disorganized OPL and IPL with

apparent decreased thickness.

caspase 8 are the main players. Both internal and ex-
ternal apoptotic pathways activate caspase-activated
DNase (CAD), thereby inducing specific DNA frag-
mentation and apoptotic cell death [28]. Additionally,
Méndez-Armenta and his colleagues mentioned that
increased ROS production impairs mitochondrial
function, which consequently can lead to the release
of pro-apoptotic molecules to the cytoplasm, mito-
chondrial swelling, and mitochondrial membrane
rupture leading to the activation of different modes
of cell death [28]. Chuang et al. [29] mentioned that
recent evidence had suggested an intimate link be-
tween oxidative stress and mitochondrial dysfunction
with the development of neuronal death.

In the present study, apoptotic cell death, also
measured by histological observation, occurred in
mostly all layers of the retina and the sclera, in which

©Polish Society for Histochemistry and Cytochemistry
Folia Histochem Cytobiol. 2021
10.5603/FHC.a2021.0028

ISSN 0239-8508, e-ISSN 1897-5631

cells are characterized by deeply stained acidophilic
cytoplasm and dark pyknotic nuclei. This cell death
was not supposed to be observed at E17 and E9, no
cell death occurs naturally. E9 and E17 embryonic
stages were chosen because it is known to follow the
early and late cell death wave in the chick developing
retina, which lasts from E4 to E7 and E10 to E14,
respectively [20].

In the current study, the retina exposed to an e-cig-
arette flavoring agent (cinnamon flavor) displays an
apparent reduction in the retinal thickness and disor-
ganization of all layers. These findings are aggravated
on exposure to a high concentration of 5% of flavoring
agent in E17. These observations are consistent with
a study by Lee and his colleagues, who stated that
exposure to cinnamon flavor agents in e-cigarette
decreases endothelial cell viability and function, ele-
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vates the ROS levels, CASP-3 and CASP-7 activity, and
activation of the oxidative stress-related pathways [30].

In the present study, exposure of RPE to low and
high concentrations of e-cigarette flavoring agent
(cinnamon flavor) showed separation, vacuolations,
disorganization, and loss of the RPE in some areas in
both E9 and E17. These findings could be explained
by the toxic, oxidative stress, and inflammatory re-
sponse produced by flavoring agents in the e-liquid
of e-cigarettes [31, 32].

Moreover, some RPE cells revealed apoptotic cells
characterized by deeply stained acidophilic cytoplasm
and deeply stained pyknotic nuclei when exposed to
high concentrations in E17. This could be explained
by a decrease in the cell viability and augmentation of
Interleukin-6 (IL-6) and Interleukin-8 (IL-8) release,
cellular stress, and morphological changes caused by
cinnamon flavor [31].

In the present study, exposure to low and high
concentrations of cinnamon flavor at E9 led to the
occurrence of multiple empty spaces in the INL
and ONL. The GCL display focal areas of multiple
vacuolations. Apoptosis was evident in many cells in
the INL, GCL, and scleral cartilage cells, especially
when exposed to a high concentration. These findings
agree with Behar ef al. [24], who demonstrated that
cinnamaldehyde-containing refill fluids and aerosols
are cytotoxic, genotoxic, and affect cell processes
and survival. The flavor agents result in oxidative
stress with an elevated level of ROS production and
excessive IL-8 secretion leading to cell cytotoxicity
and DNA damage [33].

In the present study, exposure to low and high
concentrations of cinnamon flavor at E17 resulted
in a decrease in the number and the density of the
cells in the INL, ONL, and GCL. Apoptotic cells ap-
peared in all layers and the scleral layer with marked
degenerated chondrocytes, exaggerated with high
concentration. These findings could be explained by
the fact that e-cigarette use has been found to trigger
cell cytotoxicity and genotoxicity. Vapor exposure is
also related to oxidative stress, with a strong connec-
tion between vapor exposure and the overproduction
of pro-inflammatory agents [8]. Studies revealed
that e-cigarette aerosols induce a dose-dependent
and nicotine-independent increase of DNA damage.
Exposure to vapor is characterized by elevated ROS
levels, the most abundant oxidative stress-induced
DNA lesions [34].

In the current study, disorganization of the OPL
and IPL was observed with a widening of the spaces
between their fibers and an apparent decrease in their
thickness. Muthumalage et al. [35] demonstrated that
exposure to e-liquid flavoring agents cinnamaldehyde
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caused an inflammatory response in monocytes and
increased ROS production, which may cause pulmo-
nary toxicity and tissue damage. Additionally, Clapp
et al. [36] mentioned that vapors impair mitochondrial
respiration and glycolysis, reduce intracellular ATP
levels, and induce significant phenotypical changes in
the human bronchial epithelial cells. The retina has
multiple neurons which use a relatively large amount
of O, in mitochondria to generate ATP needed to
maintain the vital process in the cell. Adequate en-
ergy supply by mitochondria is essential for neuronal
excitability and neuronal survival [37]. This fact might
be the reason for the higher susceptibility of neuronal
cells to the aerosol condensate agent in this study.

In the current study, toxic effects resulting from
exposure to cinnamaldehyde as an e-liquid flavoring
agent caused toxic effects on all retina layers com-
pared to the control tissue sample. These toxic effects
increase with high dose exposure, probably triggering
an inflammatory response and IL-8 secretion medi-
ated by ROS production. ROS are highly reactive
chemicals possessing unpaired electrons in the outer
shell. ROS are considered essential for regulating
normal physiological functions involved in develop-
ment such as cell cycle progression and proliferation,
differentiation, migration, and cell death at low to
modest doses. Increased oxidative stress generally
describes a condition in which cellular antioxidant
defenses cannot suppress the ROS that can result in
cellular injury, DNA damage, protein oxidation and
disruption of the cell functions, and/or inducing cell
death of the CNS neurons.

Moreover, ROS are known to be involved in
the apoptosis mechanism for neuronal cell death
[28]. Previous studies on the assessment of the ROS
generated by e-cigarettes using different approaches
reported that ROS could initiate oxidative stress
followed by other pathological processes. e-Cigarette
vapor has been found to contain 7 X 10" free radicals
per puff. ROS production has been found to be pro-
voked by the inhalation of toxic agents, stimulating
inflammatory signaling pathways. One such stimulant
of ROS release is exposure to the vapor from e-cig-
arettes [38, 39].

Conclusions

There is a noticeable increase in e-cigarette use
worldwide, but few studies investigated flavors agents
and their effects. These results concern that flavored
e-liquids may contain dangerous chemicals and reveal
a potential risk to e-cigarette users when they inhale
vapors. More research will be needed to investigate
these flavors and their products further when heated
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and aerosolized. Besides, it is suggested that there
should be more studies to evaluate the cytotoxicity
and genotoxicity of aerosols. More clinical studies are
required to evaluate the effects of common flavors
among e-liquid users on the neural retina. Studies
may benefit community members to increase aware-
ness of the risks of using e-cigarettes. Moreover, it is
necessary to limit the marketing of e-cigarettes and
their products.
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