In addition to the three constituents FDA proposes to add to the newly expanded list of
Harmful and Potentially Harmful Constituents, FDA should also add cinnamaldehyde,
vanillin, ethyl vanillin, and cooling agents such as WS-3 and WS-23 which are frequently
found in e-cigarettes and other ENDS products
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We applaud FDA’s decision’ to add 18 new constituents to the list of Harmful and
Potentially Harmful Constituents (HPHC). These additions reflect the more current range of
tobacco and nicotine products under FDA’s jurisdiction and the dangers associated with the
chemicals and chemical compounds that are ingredients in these products.

We strongly support FDA’s proposal to add three other constituents to the list that are
often added to e-liquid formulations as flavors — pulegone, furfuryl alcohol, and methyl
eugenol. A 2022 review of high impact published papers studying the toxicological harms
associated with e-cigarettes provides growing evidence of the toxicological risks associated with
e-cigarette use. These risks include DNA damage that increases cancer risk due to the presence
of several carcinogenic chemical compounds found in e-cigarette emissions, increased risk of
pulmonary and cardiovascular disease, and impairment of male fertility. In particular, aldehydes
in flavoring agents affect cytochrome P450 2A6, which is involved in the oxidative metabolism
of nicotine.? A recent 2026 review of peer-reviewed literature since 2017 involving a qualitative
carcinogenic risk assessment of nicotine-based e-cigarettes highlights the carcinogenicity of e-
cigarettes. The review concludes with a “clear and authoritative assessment” that “e-cigarettes
delivering nicotine are likely to be carcinogenic to humans who use them causing oral cancer and
lung cancer,” and this cancer burden is separate from cancer attributable to e-cigarette users who
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transition to smoking and dual use.® As detailed below, we enthusiastically support FDA’s
proposal to add these three constituents to the HPHC list.

We also suggest that FDA add cinnamaldehyde, vanillin, ethyl vanillin, and cooling
agents such as WS-3 and WS-23 to the HPHC list.

1. FDA should add pulegone to the HPHC list

We strongly support FDA’s proposal to add pulegone to the HPHC list. We suggested
adding pulegone to the HPHC list in the public comment we submitted to the August 2019
docket* (attached and incorporated by reference). Pulegone, a constituent of oil extracts prepared
from mint plants, is a carcinogen that causes hepatic carcinomas, pulmonary metaplasia, and
other neoplasms in rodents, and can also cause liver and kidney failure. Pulegone in e-liquids is a
concern because of its known carcinogenicity.> Although the FDA banned synthetic pulegone as
a food additive in 2018° and the chemical is banned in the European Union and in the state of
California, substantial amounts of pulegone have been detected in mint- and menthol-flavored e-
cigarette liquids’ and smokeless tobacco products. Jabba and Jordt’s September 2019 analysis®
measured daily pulegone exposure from e-cigarettes and smokeless tobacco at higher levels
compared with exposure from menthol cigarettes and compared the risk associated with
pulegone content in combustible menthol cigarettes to the pulegone content in mint- and
menthol-flavored e-cigarettes and smokeless tobacco.

The margin of exposure (MOE) is the measure used by the FDA and other regulatory
agencies for cancer risk assessment of food additives, and cancer risk is inversely proportional to
the MOE, with values of 10,000 or below requiring mitigation strategies. This study found that
the MOE for all the products that were analyzed are below the accepted MOE threshold of
10,000 for carcinogens. This suggests that users of mint- and menthol-flavored e-cigarettes and
smokeless tobacco are exposed to pulegone levels higher than the FDA considers unacceptable
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for intake of synthetic pulegone in food, and higher than in smokers of combustible menthol
cigarettes. Omaiye’s 2019 study® found that mint-, menthol-, and cucumber-flavored Juul pods,
not studied in the Jabba/Jordt analysis, also contain pulegone. Mint oil used to flavor many e-
liquids usually contains pulegone. Omaiye’s 2022 study'? found that pulegone concentrations in
mint products from Juul and Puff Bar were high enough to present a cancer risk based on MOE
evaluations.

Because these findings establish health risks associated with pulegone intake, especially
in connection with use of mint- and menthol-flavored e-cigarettes and smokeless tobacco, FDA
should add pulegone to the list of HPHCs.

2. FDA should add furfuryl alcohol to the HPHC list

We support FDA’s proposal to add furfuryl alcohol to the HPHC list. Furfuryl alcohol is a
an IARC class 2B carcinogen!! known to induce kidney tumors in mice.!> 3 It is a known
respiratory irritant, and can be converted to a genotoxin when inhaled.!* Cigarette smoke,
waterpipe, and e-cigarette aerosol may be sources of inhalation exposure. Of particular concern,
furfuryl alcohol has been detected in flavored unburned waterpipe tobacco at ~ 2 pg/g, and is 31
times more concentrated in waterpipe tobacco smoke than cigarette smoke. Additionally, its
sweet caramel and coffee aroma may enhance the appeal of waterpipe tobacco smoke making it
easier to initiate and continue use. Therefore, furfuryl alcohol potentially increases both the
direct and indirect harms from waterpipe smoking. !> 16
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We support FDA’s proposal to add methyl eugenol to the HPHC list. In 2018, the FDA
amended its food additive regulations and removed authorization for use of synthetic methyl
eugenol as a food flavoring additive based on studies showing they induce cancer in animal
studies.!” Although prohibited in foods, methyl eugenol is a flavor and fragrance compound that
is found in many tobacco products with clove or fruit flavoring including bidi cigarettes, kreteks,
e-liquids, oral nicotine pouches, and some conventional cigarettes.!® The National Toxicology
Program determined in 2021 that methyl eugenol is reasonably anticipated to be a human
carcinogen based on sufficient evidence of carcinogenicity from studies in experimental
animals.!” Methyl eugenol was identified as an ingredient in nicotine pouches in a 2023
toxicology study.?’ In 2023, the International Agency for Research on Cancer (IARC) classified
methyl eugenol the as probably carcinogenic to humans.*'

4. In addition to the additional three constituents FDA proposed, FDA should also
add cinnamaldehyde, vanillin, ethyl vanillin, and cooling agents such as WS-3
and WS-23 to the HPHC list

a. Flavor additives that are “Generally Recognized as Safe” (GRAS) by the
FDA when ingested as food does not mean they are safe when inhaled in
tobacco and nicotine products

As a starting point, FDA must acknowledge and act on the fact that while some flavors
(e.g., vanilla and cinnamon) that are flavor additives in food products have been “Generally
Recognized as Safe” (GRAS) by the FDA for ingestion, this does not mean they are not safe
when inhaled in e-cigarettes or other devices. GRAS is a provision within the definition of a
food additive under 21 USC 321(s) and as such, the safety of foods designated as “GRAS” is
based on oral consumption (i.e., eaten or ingested as a food), and cannot serve as an indicator of
the toxicity or safety of e-cigarette ingredients when aerosolized and inhaled. A 2024 review of
the toxicity of ingredients in e-cigarettes, including those ingredients that have been determined
to be GRAS in food, describes the potentially significant harms associated with inhalation or cell
exposure when several substances listed as GRAS in food are used in e-cigarettes via
proinflammatory effects as well as immune suppression, respiratory tract irritation, and
cytotoxicity.?? The 15 substances described in a 2024 review are: acetaldehyde, acetoin,
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cinnamaldehyde, diacetyl, ethyl acetate, eugenol, tocopherol acetate, triacetin, linalool,
benzaldehyde, carvone, decanal, ethyl butyrate, ethyl vanillin, limonene.?*

The Flavor and Extract Manufacturers Association (FEMA) Expert Panel that
recommends compounds for GRAS designation evaluates the safety of flavor ingredients only
under their conditions of intended use in food and only for exposure through ingestion. FEMA
does not evaluate flavor ingredients for use in tobacco products including e-cigarettes or any
products that result in exposures other than by ingestion. “Therefore, FEMA GRAS status for the
use of a flavor ingredient in food does not provide regulatory authority to use the flavor
ingredient in e-cigarettes, ENDS devices or other tobacco products in the U.S.” ?° Further, FEMA
referred to its “long-standing statement?® that flavor ingredients are not evaluated by the FEMA
Expert Panel for safety and GRAS status for any uses other than use in food
(https://www.femaflavor.org/safety-assessment-and-regulatory-authority-
use-flavors-focus- electronic-nicotine-delivery-systems). Therefore, use in ENDS and other
tobacco products must have separate safety assessments to assure safety and establish
regulatory authority to use flavors in such products.”?’

The American Thoracic Society similarly noted that GRAS applies to ingested and stated:
“We note that much of the tobacco, vaping and e-cigarette industry state that the flavoring
ingredients used in tobacco products are GRAS. While it may be true these products are GRAS
in the digestive tract, these products have not been tested in the respiratory system and their
safety in the respiratory tract is unknown. This point has been made frequently by
representatives of the flavoring industry.?

b. The flavor additives cinnamaldehyde, vanillin and ethyl vanillin should be
added to the HPHC list

The flavor additives cinnamaldehyde, vanillin and ethyl vanillin are frequently
ingredients in e-cigarettes, other ENDS, and other tobacco products. Because they are
associated with significant toxicity and harmful effects when inhaled, regardless of whether
they have been designated as GRAS for ingestion in food, these flavor additives should be
added to the HPHC list.

Cinnamon-flavored ENDS were known to be highly toxic since at least 2014.%°
Cinnamaldehyde is the major flavor chemical in cinnamon flavored e-liquids, and cinnamon-
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flavored e-liquids such as “Atomic Cinnacide” and “Cinnamon Fireball” contain more than 10%
of toxic cinnamaldehyde. It is well established that cinnamaldehyde, an ingredient in cinnamon
e-cigarettes, is dangerous for anyone to inhale.?% 3! Toxicological studies published over the last

12 years have consistently demonstrated the toxicity of cinnamaldehyde and cinnamon-flavored
ENDS,.32 33,34, 35, 36,37, 38, 39, 40, 41
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In addition to cinnamaldehyde, other flavor aldehydes including vanillin and ethyl
vanillin react with the e-liquid solvent propylene glycol (PG), are chemically unstable and
convert to flavor aldehyde PG acetals that are inhaled by the user with toxicological effects.*?
Toxic aldehydes are produced by e-cigarettes with both flavored and “unflavored” e-liquids, but
decomposition of flavoring compounds is the main source of the emitted toxic aldehydes, and
thermal decomposition of flavoring compounds during vaping produces levels that exceed
occupational safety standards.** This is concerning because FDA suggested in its draft guidance
on considerations related to youth risk of flavored ENDS premarket applications that “spice”
flavors, which would include cinnamon- and vanilla-flavored e-cigarettes, may have lower youth
appeal so therefore FDA would require less evidence of adult benefits. Mechanistic studies of
cinnamaldehyde found this chemical impairs respiratory cell immune function,** and induces
mitochondrial dysfunction and cellular stress responses in kidney cells,* and produces
formaldehyde and acetaldehyde when heated.*® Studies of aerosolized flavors in e-cigarettes
including cinnamaldehyde, vanillin, and ethyl vanillin found negative effects on cardiac
electrophysiology.*” Another review of 26 studies of the health impact of e-cigarette flavorants
found detrimental effects of flavoring agents on the heart, lung, brain and other organs.*® A 2024
paper showed that the flavoring agent ethyl vanillin used in e-cigarettes can induce energy
pathway dysfunction and cellular stress responses in a renal model.

Vanillin and ethyl vanillin are among the most frequent flavor additives found in ENDS.
These flavor chemicals impart a vanilla flavor and are components of dessert flavors that are
especially popular among youth. In addition to imparting a sweet flavor, vanillin has also been
shown in rodent studies to reward the circuitry triggering dopamine release in the brain and was
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shown to reinforce nicotine taking.*%-3%-31.52.53 Ethyl vanillin has been shown to slow nicotine
y

metabolism, which extends its presence in the blood.>*

Vanillin and other flavor chemicals in e-cigarettes including uraneol, benzyl alcohol,
ethyl maltol, ethyl vanillin, and corylone are significantly correlated with cytotoxicity. Pulegone
and estragole levels are high enough in some e-cigarettes to present a risk for cancer.>® A 2024
paper showed that the flavoring agent ethyl vanillin used in e-cigarettes can induce energy
pathway dysfunction and cellular stress responses in a renal model.>® Flavor agents such as delta-
decalactone found in e-cigarettes may be linked to dysregulation of urinary biochemicals.®’

c. Synthetic cooling agents such as WS-3 and WS-23 should be added to the
HPHC list

Mint, menthol, and other additives including synthetic cooling agents such as WS-3 and
WS-23 reduce the harshness of nicotine products and improve taste.’® This effect makes it easier
for non-smokers, including youth, to initiate with products with high levels of nicotine, continue
nicotine-product use, and to become addicted to nicotine products. Use of a cooling flavored
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ENDS at first use is associated with having a positive first vaping experience, which in turn was
associated with greater likelihood of continued use.>”

Of particular concern, e-cigarette products labeled “unflavored” or “tobacco-flavored”
frequently contain toxic flavor additives including menthol, synthetic cooling agents, and other
flavorants. These so-called “tobacco-flavored” e-cigarette liquids are manipulated by
manufacturers to have tastes that appeal to youth as well as adults. For example, damascenone is
in many tobacco-flavored products together with pyrazines. Further, the term “tobacco-flavored”
for e-cigarettes is misleading, since none contain extracts from tobacco. Rather, they are
typically candy or vanilla flavored but renamed as “tobacco-flavored.” Several flavor chemicals,
including ethyl maltol, vanillin, corylone, and other “confectionery-related” flavor chemicals, are
abundant in some e-cigarette liquids (including for Puff Bar) labeled “tobacco-flavored,”
coinciding with and apparently attempting to circumvent FDA'’s restrictions on the sale of sweet
and fruity-flavored e-cigarettes.®

Particularly concerning is the fact that coolants are found in all e-cigarettes (not only
those that are called “mint” or “menthol”) including “clear” (a concept flavor name that is often
categorized as “unflavored”). Like mint and menthol, these cooling additives make nicotine more
palatable and the products more appealing to youth. For example, in this 2025 study, the Flum
Pebble Clear (“unflavored”) device had the highest total flavor chemical concentration of any
product studied (96.4 mg mL—1).®! Many e-cigarettes contain non-menthol synthetic cooling
agents such as WS-3 and WS-23 and/or are labeled with ice-hybrid flavors such as “Raspberry
Ice.”®2 A 2025 study of “clear” e-cigarettes (introduced to evade Massachusetts flavor ban)
shows that all “clear” e-liquids contain synthetic cooling agents WS-23 and/or WS-3, 18 of 19
studied products contained menthol, and 12 of 19 contained other flavorants and undermined the
efficacy of the flavor ban.®

A 2025 study of the cardiovascular health effects of flavorants and synthetic cooling
agents such as WS-3 and WS-23 included in e-cigarettes labeled as “clear” found that the
marketing of “clear” products with these additives resulted in health harms including a greater
increase in blood pressure and heart rate.®
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Conclusion

1.

We strongly support FDA’s decision to add 18 new constituents to the list of Harmful
and Potentially Harmful Constituents (HPHC), which reflect the more current range
of tobacco and nicotine products under FDA’s jurisdiction.

Flavor additives that are “Generally Recognized as Safe” (GRAS) when ingested as
food does not mean they are safe when inhaled in tobacco and nicotine products.
Therefore, FDA must recognize and act on the fact that many flavor additives in food
that have obtained GRAS designation are harmful when added to inhalable products
and should be added to the HPHC list.

We strongly support FDA’s proposal to add pulegone, furfuryl alcohol, and methyl
eugenol to the HPHC list. These constituents are frequently added to e-liquid
formulations and flavors and are associated with significant health harms.

We recommend that FDA add cinnamaldehyde, vanillin, ethyl vanillin, and cooling
agents such as WS-3 and WS-23 to the HPHC list based on significant scientific
evidence demonstrating their health harms.
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