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Main Points
• E-cigarettes are offered to consumers worldwide as an alternative to tobacco product to cigarettes, 

especially with the claim that users are exposed to fewer chemicals.
• E-cigarettes have been on the market for less than twenty years. Although the use of this product is 

rapidly increasing in all societies, scientific knowledge regarding the health risks that may arise from 
e-cigarette use is not increasing at the same pace.

• Today, the flavoring substances used in e-cigarettes play a vital role in the increase in e-cigarette 
use, particularly among young generations. There is extremely limited information about the chemi-
cal structures and toxicity of new compounds, especially those resulting from the combustion of 
flavorings.

• In vivo and in vitro toxicity results, in which toxic effects on lung functions have been reported with 
the use of flavored e-cigarette products, have shown that many serious health problems may occur 
due to flavorings.

Abstract
Because Electronic Nicotine Delivery Systems are fairly new, the information on the health risks of these 
systems is very limited; however, recent studies have provided results that show the harmful health effects 
of these products. Studies that have investigated the many chemicals in electronic cigarettes have reported 
a lesser ratio of harmful compounds in the vapor of e-cigarettes than that from regular cigarettes; however, 
it is misleading to claim no exposure to chemicals or carcinogens from electronic cigarette use for both the 
users and the public in terms of potential health risks. In fact, studies have found at least 20 human car-
cinogens and teratogens in the electronic liquids and vapor from these products. Chemicals used to flavor 
the products are among the main causes of harmful exposure, and their use is the leading cause of increased 
use of these products and plays an important role in creating a new epidemic health threat because of the 
lack of scientific data on the health risks of usage and exposure to various chemicals. The government and 
regulatory authorities have taken inadequate legal measures to limit the use of flavoring chemicals in these 
and tobacco products in general, which remains a public concern.
Keywords: ENDS, e-cigarette, flavoring, toxicity, toxic substances

Introduction
Many new products as alternatives to smoking have 
been introduced in response to record high num-
bers of smokers in recent years and increasing anti-
smoking policies. The manufacturers of these new 
products hope to increase their market shares and 
revenues in response to these policies. The electronic 
cigarette (e-cigarette) is one of the most popular 
anti-smoking products in today’s market, and the 

number of users is rapidly increasing throughout 
all populations but particularly in young people. In 
fact, of the more than 11 million e-cigarette users 
in just the United States, four million are middle 
school and high school students (Cullen et al., 2018). 
On the other hand, survey data reveal that the prev-
alence of electronic cigarettes among young people 
aged 11–18 years, which was 4.0% in 2021 and 4.8% 
in 2020, increased to 8.6% in 2022 in the UK (Limb, 
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2022). Today, it is reported that one in six Australians, a quarter 
of those aged 14–17, and a quarter of those aged 18–24, use 
e-cigarettes (Kirby, 2023). In China, another corner of the world, 
86.6% of students in 2021 were aware of e-cigarettes. Of these, 
3.6% were users (Deng et al., 2023). A study by the Global Adult 
Tobacco Survey conducted in 14 countries found that these fig-
ures are also common in Türkiye (Pan et al., 2022). In their study, 
Pan et al. (2022) have revealed that 1.3% of people in Turkey use 
e-cigarettes, which is 2.1% for men and 0.6% for women. These 
usage rates from various parts of the world reveal that the sales 
figures of e-cigarettes have increased worldwide. For example, 
between February 2020 (15.8 million units) and December 2022 
(22.7 million units) in the USA, e-cigarette sales increased by 44% 
[Centers for Disease Control (CDC), 2022]. It is noteworthy that 
the products that have the largest share in these sales are fla-
vored products. As a matter of fact, between 2020 and 2022, sales 
of non-tobacco flavored e-cigarettes (mint, menthol, and other 
flavors) increased from 11.1 to 18.0 million (61.6%) (Table 1).

Until a few years ago, one or more of the following purposes 
were reported by users for Electronic Nicotine Delivery System 
(ENDS) use (Göney et al., 2016): a) reducing cigarette consump-
tion, b) not disturbing others with cigarette smoke, c) helping 
with smoking cessation, d) continuing the “smoking” experience 
even where prohibited, e) presumed exposure to lower amounts of 
toxic chemicals to reduce health risks, f) having nicotine replace-
ment therapy, and g) spending less money. However, many of 
these reasons stand before us as refuted reasons today. For exam-
ple, the rate of tobacco use increases in e-cigarette users, with 
some using both cigarettes and e-cigarettes, and there is a return 
to smoking again. Although less exposure to chemicals and con-
centrations due to e-cigarette use is a fact, many studies have 
been published showing that the number and variety of chemi-
cals exposed to are increasing day by day; therefore, it is mislead-
ing to suggest that users and the public are not being exposed 
to chemicals or carcinogenic substances and their health risks 
from e-cigarette use. As a matter of fact, scientific studies have 
determined at least 20 human carcinogens and teratogens in the 
liquids used in e-cigarettes and e-cigarette smoke. On the other 
hand, the World Health Organization completely rejects the idea 
that e-cigarette use should replace replacement therapy. In recent 
years, e-cigarette users have indicated that the various flavors in 
the products are the main reasons for their starting e-cigarette 
use. They report that the attractive flavors of e-cigarettes are the 

most essential reason for e-cigarette users to try these products 
(Baker et al., 2021; Landry et al., 2019).

There are significant differences between smoking and e-cigarette 
use (Gordon et al., 2022). Although a cigarette is a combustion 
product, e-cigarettes involve the intake of aerosolized liquid into 
the body. First, although more is needed, there are enough legal 
regulations in almost many societies for cigarettes. However, the 
number of legal regulations regarding e-cigarettes in all countries 
is relatively low. Cigarette is not a product that has the chance to 
be “indi vidua lized /cust omize d”; it is in question for smokers to 
use the product as it is presented. On the other hand, e-cigarettes 
have adjustable settings (e.g., wattage, voltage, resistance, air-
flow) so that they can be customized to the user to increase the 
experience. Another important difference is the many flavorings 
used in ENDS. Both of these factors play a role in increasing 
e-cigarette use, especially among young people.

Tobacco smoke can be harsh and irritating and provides an 
important obstacle against continued use after first trying. In the 
tobacco industry documents, it is seen that this negative situation 
is tried to be alleviated especially by sweeteners, sugar, and vari-
ous chemicals used to increase tobacco flavor. “Characterizing 
flavor” or “characterizing flavor combinations” that are added 
to e-cigarette liquids, such as fruit, spice, herb, and alcohol, mask 
the bitter taste of cigarette smoke and provide a more appeal-
ing taste. For example, the combustion of sugars creates cara-
mel flavors in tobacco smoke, which gives the product a sweet 
taste that is especially appreciated by adolescents (Talhout 
et al., 2006). Menthol provides taste and a physiological “cool-
ing” effect. When added in sufficient quantities, they change the 
flavor of the product into a strong, non-tobacco flavor such as 
menthol, fruit, or sugar. Such strong flavors are popular with 
young smokers (Yerger & McCandless, 2011). Today, more than 
15,000 different flavored e-liquids are sold in the United States 
(Salam et al., 2020), and 28,556 e-liquids were registered for the 
Dutch market (Pennings et al., 2023). Although there is no clear 
classification for flavorings generally used in e-cigarette liquids, 
there are various suggestions for classification. For example, an 
e-liquid flavor wheel consisting of 16 main categories was created 
by Krüsemann et al. (2019) and was based on information from 
four variables in the European Union Common Entry Gate sys-
tem with subcategories of flavor descriptions.

In fact, the chemicals enable the classification and subgrouping 
of flavorings. E-cigarette users get different flavors due to the dif-
ferent flavoring chemicals contained in e-liquids. For example, it 
is known that there are four different chemicals (vanillin, maltol, 
ethyl vanillin, ethyl maltol) in the flavoring called “Double Dark 
Chocolate.” Another example is the flavoring named “Grape,” 
where five different chemicals form the flavor of this product 
(maltol, ethyl acetate, ethyl maltol, methyl anthranilate, and 
ethyl isovalorate). These chemicals are included in e-cigarette liq-
uids alone or in combinations. It is these flavoring chemicals that 
make the most important contribution to e-cigarettes becoming 
an important public health problem in societies today. Flavor is 
a critical component that appeals to users of e-cigarettes, with 
sweet flavors not only increasing their use but providing more 
satisfaction and pleasure. Studies have suggested that sweet 
and menthol/mint flavors increase e-cigarette appeal. The high 

Table 1.
Flavored Electronic Cigarette Sales Volumes in the USA 
(2020–2022)

Number of Sales 
(February 23, 

2020)

Number of Sales 
(December 25, 

2022) Increase
Menthol 6 million 7.3 million 21.2%

Tobacco 
flavored

4.2 million 5.57 million −1.0%

Mint 
flavored

0.8 million 1.4 million 61.5%

Other 
flavors

4.3 million 9.4 million 5117.8
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market sales of e-liquids or disposable pots containing sweet and 
menthol/mint flavors are evident from the high market avail-
ability and sales graphics, with US ENDS users largely favoring 
menthol, mint, and sweet flavors; however, preferences can vary 
based on the age, smoking status, and sex of the user and the type 
of device used. In fact, the results of a 2020–2021 US study by 
the National Youth Tobacco Survey with a large participation of 
young population determined that flavorings are highly accepted 
and preferred (Cooper et al., 2022). The study also showed that 
fruit, candy, desserts, and other sweet flavors were the most com-
monly used flavor types, especially among adolescent e-cigarette 
users.

We do not have enough information about the health risks 
posed by the chemicals that make up the flavorings. We also 
have very limited information about the toxicological risks that 
may arise due to the combustion and inhalation of these chemi-
cals. Depending on the increase in the number of health risks, 
national and international regulatory institutions have also 
started to need to take some precautions. Although the history 
of e-cigarette use does not last very long, regulations in coun-
tries have started to develop rapidly. For example, in February 
2020, the U.S. Food and Drug Administration (FDA) issued an 
enforcement policy that prohibits the sale of prefilled flavored 
e-cigarette cartridges; however, this policy does not apply to 
tobacco and menthol-flavored prefilled cartridges, e-liquids, or 
single-use disposable e-cigarettes. Subsequently, from February 
23 to December 25, 2022, disposable e-cigarette sales increased 
from 4.9 to 11.8 million units (139.9%); their unit share increased 
from 31.1 to 51.8% of total e-cigarette sales (CDC, 2022). As 
of December 25, 2022, 80.0% of disposable sales comprised fla-
vors other than tobacco, mint, and menthol. In addition, as 
of September 9, 2021, FDA began issuing marketing rejection 
orders for flavored e-cigarette products, and by April 15, 2022, 
it was given authority to regulate products containing nicotine, 
including synthetic nicotine, from any source. Finally, in April 
2022, FDA issued a proposal to eliminate both menthol ciga-
rettes and flavored cigars. On the other hand, Article 7 of EU 
Directive 2014/40/EU (European Parliament and of the Council, 
2014) prohibits placing tobacco products with a distinctive fla-
vor on the market. The Commission Implementing Regulation 
(EU) 2016/779 has created rules for procedures used to deter-
mine whether a tobacco product has a characterizing flavor. 
According to the European Tobacco Products Directive, before 
launching their products, e-cigarette and e-liquid manufactur-
ers are required to provide basic product information about the 
brands and compositions of their products to the authorities of 
the 27 EU member states; however, practices in the EU differ. For 
example, Hungary bans all flavorings in ENDS products, while 
Finland and Estonia ban e-cigarette products containing flavors 
other than tobacco, and Denmark prohibits vaping products 
containing flavors other than tobacco or menthol. The Dutch 
government has announced that a restrictive list of flavor-deter-
mining additives in e-cigarettes will be created based on data 
manufacturers report through the European Common Gateway 
of Entry (EU-CEG) system (Pennings et al., 2023). Within the 
framework of the values obtained from the 2019 EU-CEG data 
set, it was determined that the top five sweeteners most fre-
quently added to e-liquids are vanillin, maltol, ethyl maltol, ethyl 
acetate, and ethyl butyrate (Krüsemann et al., 2021).

Concerns About Flavorings Used in E-Cigarettes
Young people come first in our concerns about e-cigarettes. One 
study has shown that younger smokers are up to three times more 
likely to try flavored cigarettes than older, established smokers 
(Ashare et al., 2007). In particular, the first product used by young 
people in tobacco products was a flavored product (Ambrose 
et al., 2015). Most teens who use e-cigarettes have indicated that 
they started with a flavored variety. Early use as a teen or young 
adult increases the likelihood of smoking tobacco products. In 
addition, it has been determined that users of flavored e-ciga-
rettes are less likely to quit using e-cigarettes or tobacco products 
(Dai &Hao, 2016). Of young e-cigarette users, 81.5% who partici-
pated in the 2013–2014 Population Assessment of Tobacco and 
Health study have stated that they use e-cigarettes “because they 
have the flavors they like” (Ambrose et al., 2015). It shows that 
flavors also contribute to the innovation of e-cigarette devices, 
which are called “fun toys” that young people keep with them 
after mobile phones. As a matter of fact, the USA 2022 National 
Youth Tobacco Survey determined tobacco product use was 2.14 
million (14.1%) for high school students and 380,000 (3.3%) for 
middle school students. One of the important results of this 
research is that e-cigarettes are currently the most widely used 
tobacco product by 1.72 million (11.3%) of high school students 
and 320,000 (2.8%) of secondary school students (Park-Lee et al., 
2022). In addition, 84.9% of the participants in this study who use 
tobacco products have reported that they use flavored products, 
which reveals the importance of flavors in tobacco addiction.

Although some flavorings used in e-cigarette liquids are flavor-
ings used in foods, there is little information about the toxicity 
profiles that may occur, especially the genotoxic effects of many 
of them and their mixtures. In addition, there is little informa-
tion about the chemical structures of new products formed by 
flavorings after combustion. Moreover, little is known about the 
toxicity of newly formed compounds from flavorings. Another 
essential concern is that the doses of flavorings used in e-ciga-
rette products are not the same and show great fluctuations, as 
this situation may cause differentiation and change in the toxic 
effects that may arise. In addition, the fact that we need in-depth 
scientific knowledge about the new components to be sourced 
from flavorings due to heating and how their structures affect 
the e-liquid content is another of our concerns in this regard.

Apart from the abovementioned, besides the known food addi-
tives, e-liquids can also contain natural extracts, such as tobacco, 
essential oils, plants, or other additives, that are not chemically 
synthesized. The composition of these natural extracts can vary 
depending on the biological and geographical origins; therefore, 
it is highly likely that e-liquids and/or e-cigarette emissions con-
tain substances of known or unknown toxicological properties 
that exceed the allowed exposure limits and cause acute and/or 
chronic adverse effects on health.

In order to minimize health risk concerns in their products, e-cig-
arette manufacturers choose all flavorings used in their prod-
ucts listed as “food grade” and “generally recognized as safe” 
(GRAS) substances. In fact, GRAS values are valid for specific 
purposes and specific foods at specific concentrations and not 
for inhalation. The Flavor Extracts Manufacturers Association 
(FEMA) states that “GRAS certification is only for oral intake, 
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not inhalation, and does not evaluate flavoring ingredients used 
in e-cigarettes or non-human food products” (Flavor and Extract 
Manufacturers Association, 2013).

Electronic Cigarette Flavoring and Health Effects

In a study conducted in nine European Union countries in 2016, 
171 different flavorings were found in 122 e-liquids. It was deter-
mined that 41 of these chemicals were recorded with the “warn-
ing” code by the Globally Harmonized System of Classification 
and Labeling of Chemicals and 11 with a “danger code.” It was 
determined that nine of these chemicals were recorded with both 
codes (Girvalaki et al., 2018). The meaning to emerge from this 
situation is that toxicological warnings are placed on flavoring 
substances before they are used, and the first warnings for users 
about the health risks that may occur are started to be presented 
on their labels before use.

The most common and major health problem experienced 
due to e-cigarette use until today is the health problem called 
e-cigarette and vaping use associated with lung injury (EVALI), 
which has resulted in the death of many people in the United 
States. EVALI is an acute or subacute lung injury ranging from 
mild respiratory symptoms to severe lung issues, such as dif-
fuse alveolar hemorrhage, lipoid pneumonia, acute eosinophilic 
pneumonia, and diffuse alveolar damage. As of February 18, 
2020, 2807 EVALI patients had been reported to the CDC, of 
which 68 had died. E-cigarette and vaping use associated with 
lung injury is most often associated with the use of cannabis-
based vaping products, particularly vitamin E acetate, which 
is found in some tetra hydro canna binol -cont ainin g e-cigarette 
products (CDC, 2020). Çok et al. (2021) have found similar clin-
ical and radiographical findings in patients with coronavirus 
disease 2019.

One of the areas where human data are obtained when evaluat-
ing the toxicities of chemicals is the toxicity results from expo-
sure in the workplace. Diacetyl and acetyl propionyl, which are 
especially used in the food industry and used to provide buttery 
flavor, are also used as synthetic flavorings in e-liquids. It has 
been determined that adverse effects on respiratory epithelial 
cells occur due to the exposure of people working in food-related 
workplaces where these compounds are used. It has been deter-
mined that it causes a decrease in lung capacity (decreased FEV1 
(i.e., forced expiratory volume in the first second of expiration)) 
in exposed people and that some people develop bronchiolitis 
obliterans, also known as “popcorn lung,” which is a fatal con-
dition (Farsalinos et al., 2015). Similar clinical findings were 
also supported by experimental animal studies. The use of these 
substances as flavoring in e-cigarette liquids poses a risk of seri-
ous respiratory problems in e-cigarette users flavored with these 
substances since the aerosol of e-cigarettes is taken directly into 
the lungs.

One of the parameters used when risk assessment of exposure 
to genotoxic and carcinogenic substances in toxicological stud-
ies is the risk assessment parameter called margin of exposure 
(MOE). Margin of exposure is the evaluation parameter that 
regulatory agencies use when assessing food additives for can-
cer risks. This value is obtained by dividing the dose value at 
which no adverse effects were observed by the exposure dose 

received. If the value received is higher than 10,000, it indicates 
that the compound exposed is not a risky compound in terms 
of genotoxicity. If the value is less than 10,000, it is accepted 
as an indication that the compound carries a risk of genotoxic-
ity for humans (Figure 1). In a study conducted by the CDC on 
menthol cigarettes, e-liquids containing menthol and mint fla-
vor, and smokeless tobacco products flavored with menthol and 
mint, it was determined that other products except cigarettes 
contained pulegone well below the MOE value (Jabba & Jordt, 
2019). Pulegone, a component of oil extracts prepared from pep-
permint plants, is a carcinogenic substance that causes hepatic 
carcinomas, pulmonary metaplasia, and other neoplasms in 
experimental animals. Synthetic pulegone as a food additive was 
banned by the FDA in 2018; however, menthol- and mint-fla-
vored e-cigarettes may be exempt from these FDA regulations. 
Thus, considering the health risk associated with pulegone, more 
encompassing regulations are needed to prevent these products 
from posing a health risk.

Various reactions, such as oxidation and thermal decomposi-
tion, radical generation/addition, and formation of adducts, and 
the formation of new products can occur during e-cigarette use 
(Salam et al., 2020; Qu et al., 2018). The use of flavorings in e-cig-
arettes in the form of many chemical groups causes the formation 
of plenty of new compounds from these chemicals, primarily due 
to oxidation and heat. Data on both chemical structure and toxi-
cological evaluations of these compounds are extremely scarce. 
However, in general, volatile organic compounds such as car-
bonyls, carboxylic acids, alkenes, and BTEX (benzene, toluene, 
ethylbenzene, xylene), and styrene appear in e-cigarette vapor 
due to heating. In other words, heating e-cigarette liquids and 
flavorings added to these liquids can cause the formation of new 

Figure 1. Margin of exposure approach for risk assessment.
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toxic compounds (Table 2). For example, benzene, a toxic-car-
cinogenic compound, is released due to dehydration of glycerol 
and propylene glycol in e-cigarette liquids (Pankow et al., 2017). 
Benzene can also be formed by the oxidation of benzaldehyde, a 
flavoring substance used to give fruit flavor, especially cherry, 
due to its addition in e-liquid. It has been determined that the 
amount of benzene increases depending on the increase in power 
in e-cigarette devices whose power can be adjusted today. This 
results in such users having an increased risk of cancer. Another 
example can be given for ethyl ester flavor additives. Among 
them, ethyl acetate and ethyl butyrate stand out as the most com-
monly used flavors. These two ethyl ester flavoring additives are 
popular with manufacturers because of their low price and favor-
able solubility in propylene glycol. Carboxylic acid and ethene are 
formed from these flavorings at high temperatures. Acetic, pro-
pionic, and butanoic acids, which are formed at even higher tem-
peratures, have the potential to cause lung irritation at low doses 
and cause bronchitis with repeated exposure. In more extreme 
operating conditions, repeated exposure can cause fatal or seri-
ously harmful effects both from these substances and from the 
ketene formed. These high temperatures can be reached in “dry” 
operating conditions resulting from improper use, especially 
in user-modified electronic cigarettes such as Mods (Narimani 
et al., 2022).

For example, 2-methylbutyraldehyde added to e-liquid to cre-
ate a chocolate taste turns into formaldehyde when heated to 
200°C. Use of e-cigarettes can also emit toxic aldehydes from 
the added flavorings in the e-liquids (Klager et al., 2017). So far, 
aldehyde formation due to e-cigarette use has been attributed to 
the thermal decomposition of the main components of e-liquids 
(propylene glycol and glycerol); however, the role of flavor com-
pounds in the formation of these aldehydes has been ignored. In 
a study to determine the presence of aldehydes from flavorings, 
concentrations of some toxic aldehydes produced in flavored and 
unflavored e-liquids were measured by three popular e-cigarette 
brands. It has been determined that toxic aldehyde levels formed 
due to thermal decomposition of flavoring compounds are quite 
high, especially during the smoking of e-cigarettes containing fla-
vorings. The American Conference of Governmental Industrial 
Hygienists has reported that levels of formaldehyde and acrolein 
from flavored e-cigarette use exceeded occupational safety stan-
dards (threshold limit value (TLV)—ceiling) for workers at their 
workplaces (Khlystov & Samburova, 2016). Formaldehyde is one 
of the human carcinogens evaluated by the International Agency 
for Research on Cancer (IARC) (Prrotano et al., 2021). Acrolein, 
which is formed from formaldehyde due to heat, is a carcinogen 
classified in Group 2A (probably carcinogenic) by IARC (IARC 
2021) (Figure 2).

Table 2.
Summary of Predicted Chemical Transformation of Flavoring Agents
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When it comes to the effects caused by the flavorings and the new 
chemicals formed due to the use of e-cigarettes, the first thing 
that comes to mind is the toxic effects of the lungs, which are 
the organs where the exposure is intense, and the cells therein. 
However, current in vitro and in vivo animal studies can help 
predict the potential effects of flavors on the human respira-
tory system, as they provide information on the toxicity attrib-
uted to cinnamon, strawberry, menthol, and other flavorings 
(Effah et al., 2022). In vitro studies in mouse lung cells have 
shown that inhalation exposure to sweeteners has been associ-
ated with decreased pulmonary cell proliferation, decreased cell 
viability, increased cytotoxicity, increased oxidative stress from 
increased reactive oxygen species (ROS) and reactive nitrogen 
species (RNS), DNA damage, increased inflammatory cytokines, 
epithelial barrier dysfunction, changes in cilia frequency, mito-
chondrial dysfunctions, and cellular senescence. In addition, the 
presence of ROS that cause cellular senescence and DNA dam-
age have also been demonstrated in vitro in experimental ani-
mal studies (Kaur et al., 2018). Flavorings in e-liquids have also 
been shown to cause hypersensitivity to the peripheral airway, 
damage to lung tissue, pre-pregnancy exposures, lung tissue frac-
tion increases at birth, increases in MUC5A, oxidative stress, and 
bronchoalveolar lavage cellularity in rodents in vivo. It has been 
previously determined that cigarette smoke contains high lev-
els of free radicals (>1016 molecules/puff). Similarly, e-cigarette 
aerosols also contain high concentrations of reactive free radi-
cals (>1013 molecules/puff). The presence of free radicals such 
as ROS and RNS in e-cigarette aerosols results in the induction 
of oxidative stress that damages the cell proliferation, survival, 
and inflammation pathways (Bitzer et al., 2018). Oxidative 
stress, barrier dysfunction, and inflammation in monocytes and 
lung epithelial cells induced by flavored e-cigarettes with various 
flavorings were evaluated. For this purpose, JUUL pod flavors 
(Virginia Tobacco, Fruit Medley, Cool Cucumber, Crème Brulee, 
Cool Mint, Mango, and Classic Menthol) and similar pod flavors 
(Just Mango-Strawberry Coconut and Café Latte) were tested by 
Muthumalage et al. (2019). These pod flavors have been found 
to produce significant amounts of acellular ROS and induce 
significant mitochondrial superoxide production in bronchial 
epithelial cells (16-HBE). In addition, levels of inflammatory 
mediators such as interleukin 8 (IL-8) or PGE2 were found to 
be increased in the lung epithelial cells (16-HBE, BEAS-2B) and 
monocytes (U937) that were exposed to various pod aerosols. 
Exposure to the sweeteners Crème Brulee and Cool Cucumber 
aerosols induced epithelial barrier dysfunction in 16-HBE cells. 

Also, flavored pots tested with the help of the comet assay test 
were shown in this study to cause DNA damage in monocytes 
due to exposure. Due to the increasing number of similar studies, 
the CDC has suggested that vaping-related lung injury may occur 
(Siegel et al., 2019).

In their study on human venous endothelial cells, Fetterman 
et al. (2018) have examined the effects of flavorings on the car-
diovascular system. Nine flavorings (eugenol, diacetyl, menthol, 
cinnamaldehyde, vanillin, dimethylpyrazine, acetylpyrazine, 
eucalyptol, and isoamyl acetate) were examined for their effects 
on venous endothelial cells isolated from nonsmokers, non-men-
thol cigarette smokers, and menthol cigarette smokers without 
cardiovascular disease. Although A23187-stimulated nitric oxide 
production was more impaired in the endothelial cells isolated 
from the smokers of menthol or non-menthol-flavored tobacco 
than those from nonsmoking participants, treatment with men-
thol or eugenol of endothelial cells isolated from nonsmokers 
also revealed reduced A23187-induced nitric oxide production. 
On the other hand, cell death, production of ROS, expression 
of proinflammatory marker IL-6, and nitric oxide production in 
endothelial cells were evaluated in the exposure of human aortic 
endothelial cells to these nine flavorants. As a result of this evalu-
ation, it was determined that cell death and production of ROS 
were induced only at high levels that are unlikely to be achieved 
in vivo. Lower concentrations of vanillin, menthol, cinnamalde-
hyde, eugenol, and acetylpyrazine have been found to both induce 
inflammation and impair A23187-stimulated nitric oxide produc-
tion, consistent with endothelial dysfunction. These results have 
been interpreted by researchers as that short-term exposure of 
endothelial cells to flavoring compounds used in tobacco prod-
ucts may cause adverse effects on the endothelial cell phenotype 
related to cardiovascular toxicity (Fetterman et al., 2018).

New information, but only a small volume, has begun to emerge 
in the scientific world about the hepatotoxic effects of flavorings 
on the liver from e-cigarette use. For example, in an in vivo study 
to evaluate the effects on the liver of ethyl maltol, vanillin, ethyl 
vanillin, l-menthol, trans-cinnamaldehyde, and isoamyl acetate 
e-cigarette flavors, human liver cancer cell line (HepG2) cells 
were exposed to flavoring chemicals, propylene glycol, and veg-
etable glycerin mixtures to measure their viability. Study results 
have revealed that cell viability decreased when exposed to vanil-
lin, ethyl vanillin, and ethyl maltol. In addition, repeated exposure 
caused greater cytotoxicity than a single exposure. While these 
data also provide new information on how e-cigarette vaping and 
flavors can cause hepatotoxicity, it is also a pioneering study that 
guides further studies on this subject (Rickard et al., 2021).

Conclusion
Believing that the use of e-cigarettes is safer than smoking 
tobacco puts our youth on a path that threatens their health 
and future. Unfortunately, the increasing use of e-cigarettes has 
become a worldwide public health concern. The presence of a large 
number of e-cigarette users, although its sale is prohibited in our 
country, also reveals the unexplained dimensions of this problem 
that threatens society. It is a fact that the scientific world agrees 
that the flavorings used in e-cigarettes play a major role in the 
increased e-cigarette use worldwide. The legal regulations for 
flavorings used in tobacco products should include e-cigarettes, 

Figure 2. Carcinogenic evaluations of some aldehydes originates 
from e-cigarette use.
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and new regulations that ban or limit flavorings, could reduce 
e-cigarette use and exposure to potentially toxic e-liquid compo-
nents. It is necessary to establish national scientific commissions 
that will evaluate the differences in the use of chemicals, such 
as flavoring chemicals used in both food and tobacco products, 
their restrictions in different products, new chemical products, 
and their toxicities due to the way they are used.
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