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3.1 Summary

Companies are increasingly marketing a wide range of synthetic nicotine products—
products that contain, or are promoted as containing, nicotine that is chemically synthesized
rather than found in tobacco plants. These products have not been shown to have fewer risks
than products containing tobacco-derived nicotine, though their marketing sometimes claims
or implies that they do. In many countries, synthetic nicotine products are not clearly subject
to current tobacco control regulations (though the products may be subject to other kinds

of laws, such as consumer protection laws, in some of those countries). In some countries,
however, tobacco control laws have been updated to cover these products in various ways.
Countries should consider the ways in which legal adjustments might be made to close
regulatory gaps for synthetic nicotine products, including considering adjustments that cover
both the broad range of products currently on the market and those products that might
emerge in the future.

3.2 Background

The recent appearance of products promoted as containing synthetic nicotine or “tobacco-
free” nicotine in many markets, including products sold worldwide over the internet, has
brought to the attention of many World Health Organization (WHO) Member States the need
for regulators to share information with each other about this development. Many WHO
Member States have also requested technical assistance from WHO to address this issue and
synthesize available evidence to provide authoritative advice to countries on how to deal
with products which are claimed to contain synthetic nicotine. This report, commissioned by
WHO, was prepared to help address these issues.

This report covers synthetic nicotine products marketed for recreational uses (rather than
for medical uses, such as smoking cessation). The report provides an overview of the kinds
of synthetic nicotine products being sold, the claims with which they are marketed, and
the science of synthetic nicotine production, toxicology, pharmacology, and detection. It
then provides information about the global legal landscape for synthetic nicotine products,
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focused on tobacco control laws. More specifically, the paper provides the results of coding
210 countries’ laws and the EU’s tobacco control directives to identify laws that cover
synthetic nicotine products, and it describes the variation in the ways that those laws cover
synthetic nicotine products. Finally, it proposes some recommendations for consideration by
policy makers.

3.3 Introduction

The rise of novel and emerging tobacco products, electronic nicotine and non-nicotine
delivery systems, imitation tobacco products, and nicotine pouches has led to new

forms of nicotine use, including by young people. The success of tobacco control

measures and the social stigma associated with consuming conventional tobacco products
(including cigarettes, cigars, waterpipe tobacco and smokeless tobacco products) contributed
to industry motivation to develop e-cigarettes and other novel products distinct from
conventional products. Lately, companies have begun to sell versions of these novel

or unconventional products that claim to contain synthetic, rather than tobacco-derived,
nicotine (1). These products are sometimes sold with youth-appealing flavours. Additionally,
although there currently is no evidence that products containing synthetic nicotine have
different health effects or are less addictive than products containing tobacco-derived
nicotine, synthetic nicotine products are being sold with marketing claims that may suggest
they are safer than tobacco-derived nicotine products (2). This section briefly surveys the
kinds of synthetic nicotine products being sold, and the marketing and promotion of those
products.

3.3.1 Types of Synthetic Nicotine Products

News reports suggest that the United States (US) is currently the largest market for synthetic
nicotine products (though this may change as a result of an amendment to US law in March
2022 that brings synthetic nicotine products within the US Food & Drug Administration’s
[FDA'’s] tobacco products authorities), followed by South Korea (3). Currently, most
products marketed as containing synthetic nicotine are either e-cigarettes, e-liquids, or
nicotine pouches. But these are not the only kinds of synthetic nicotine products being sold
(2). For example, several companies sell gum products described as containing synthetic

or “tobacco-free” nicotine (4, 5), at least two companies are similarly marketing synthetic
nicotine toothpicks (6, 7), a Canadian company, PODA, announced in 2021 plans to launch
a “heat-not-burn product” that uses “pelletized tea leaves infused with synthetic nicotine,”
(8). This company was purchased by Philip Morris, and it is unclear whether its products
will be marketed. At least one company, Outlaw Dip, is offering “100% tobacco free”
moist snuff “that does NOT come from tobacco” (9), and at least one company, Ronin,

is selling a combustible cannabidiol cigarette infused with “non-tobacco nicotine.” (10).
There is, thus, wide variety in the kinds of products sold as containing synthetic, rather than
tobacco-derived, nicotine, and new types of products may continue to emerge.

Additionally, many of these synthetic or “tobacco-free” nicotine products are designed with
flavours that are likely to appeal to youth. For instance, some toothpicks are sold in flavors
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like “butterscotch cake” and “strawberry cheesecake.” (7). Similarly, certain disposable
e-cigarettes are sold in flavour concepts like “banana ice” and “blue razz.” (11).

3.3.2 Marketing and Promotion of Synthetic Nicotine Products

Many companies marketing synthetic nicotine products make claims that may suggest—
implicitly or explicitly—that their products are “safer” than products using tobacco-derived
nicotine in various ways. These include claims suggesting that synthetic nicotine contains
fewer impurities than tobacco-derived nicotine and that synthetic nicotine is equivalent to
pharmaceutical grade nicotine. Companies also make claims that suggest that synthetic
nicotine products provide other advantages over products with tobacco-derived nicotine,
including claims that they provide more satisfaction and a better taste experience, and

that they are more environmentally friendly. Additionally, some synthetic nicotine products
are marketed as effective smoking cessation aids or equivalent to approved nicotine
replacement therapies (sometimes alongside disclaimers that products are not smoking
cessation products). A few specific examples are provided below.

3.4 The Science of Synthetic Nicotine

The rapid and poorly regulated introduction of synthetic nicotine products (electronic
cigarettes, oral pouches, and other product categories) in the United States and other
countries raises questions about product safety and potential differences in the addictive and
reinforcing properties of synthetic nicotine. In this section, we review the chemical synthesis
strategies, the different forms of synthetic nicotine in products, manufacturers and patent
landscape, and the toxicological, pharmacological, and metabolic properties of synthetic
nicotine.

3.4.1 Methodology

Research databases, including PubMed and Web of Science, were searched with the

terms such as “synthetic nicotine”, “R-nicotine”, “(+)-nicotine”, “L-nicotine”, “D-nicotine”,
“racemic nicotine”, and “nicotine synthesis” for journal articles on synthetic nicotine

and studies comparing the effects of nicotine enantiomers (defined below). Patents were
searched on patents.google.com with the combinations of the terms such as “nicotine”
“synthesis” and / or “stereoselective”, “enantioselective”. The tobacco legacy database

at www.industrydocuments.ucsf.edu/tobacco/ was searched with terms such as “synthetic
nicotine”, “nicotine synthesis”, “synthesis of nicotine”, and “A-nicotine”.

3.4.2 Results and discussion

3.4.2.1 Synthetic nicotine: What is it, and how does it differ from tobacco-
derived nicotine?—Nicotine exists in two chemical forms that are structural mirror
images of each other. These two forms, also termed enantiomers, are called S~ and ~-
nicotine (Figure 1A). Nicotine in the tobacco plant consists of >99% S-nicotine and only
minimal amounts of A-nicotine (17). Chemists first synthesized nicotine in 1904 (18). The
synthesis resulted in a mixture containing both S~ and A-nicotine at a 50/50 ratio (18, 19).
Such a 50/50 mixture is called a racemic mixture. This mixture differs from tobacco-derived
nicotine in that it has a much higher R-nicotine content and a lower S-nicotine content.
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A search in the Truth Tobacco Industry Documents, the database of tobacco industry
internal corporate documents produced during litigation in the United States, with the term
“synthetic nicotine” revealed that the industry had already considered the use of synthetic
nicotine in the 1960s. Employees of British American Tobacco (BAT) proposed the addition
of synthetic nicotine as a method to increase the nicotine / tar ratio in combustible cigarettes
(20). However, the proposal was not further pursued due to concerns that synthetic nicotine
was only available as a racemic mixture with unknown health effects. Also, the price

of synthetic nicotine was much higher than the price of tobacco-derived nicotine (20).
Employees of RJ Reynolds and Liggett & Myers also considered using synthetic nicotine to
adjust nicotine levels in cigarettes, however, this idea was abandoned for the same reasons
(21, 22). Beyond 1978, the Truth Tobacco Industry Documents database provides no further
evidence for deliberations on the use of synthetic nicotine use by the major US tobacco
companies. In the following years, chemists developed new strategies for the synthesis of
nicotine, including strategies to produce pure S-nicotine, the form of nicotine prevalent in
tobacco leaf (19, 23).

3.4.2.2 The synthetic nicotine marketplace: Manufacturers, patents, and
pricing—In 2015, the company Next Generation Labs (NGL) began marketing synthetic
nicotine in the United States under the trademarked brand names TFN® (Tobacco Free
Nicotine) for consumer products and PHARMANIC® for pharmaceutical products. In the
same year, NGL applied for US and world-wide patents with the title “Process for the
Preparation of (RS)-Nicotine” (24). The US patent was assigned to NGL in 2017. This
patent describes a synthetic pathway using ethyl nicotinate as starting material. Ethyl
nicotinate is derived from nicotinic acid (niacin), a synthetic chemical produced from
petrochemical sources. Ethyl nicotinate is reacted with N-vinyl-2-pyrrolidinone to form
myosmine, a tobacco alkaloid. Myosmine is then converted to nornicotine. Subsequent
methylation of nornicotine then results in a racemic (50/50) nicotine mixture of S and
R-nicotine (Figure 1A) (24). NGL also filed a patent for the use of their synthetic nicotine in
smoking cessation products (25). In 2016, Hellinghausen et a/. analyzed the nicotine content
of US-marketed electronic cigarette liquids containing TFN-branded synthetic nicotine
manufactured by NGL, confirming that the product is racemic nicotine (26). While vaping
products containing synthetic nicotine were marketed in the United States since 2015, they
only attracted public attention in 2021, when popular vaping brand Puffbar announced a
switch to synthetic nicotine in their products (27). Analytical studies revealed that these
products contained racemic nicotine (28). The source of the synthetic racemic nicotine in
Puffbar products has not been revealed.

At the same time, advances in chemistry enabled the optimization of strategies for the
manufacture of pure S-nicotine. Several companies have filed patent applications for the
synthesis of S-nicotine. Contraf-Nicotex-Tobacco (CNT GmbH, Germany), the world’s
largest supplier of pharmaceutical grade nicotine, developed a manufacturing process first
synthesizing racemic nicotine from ethyl nicotinate and n-vinylpyrrolidone nicotinic acid.
A subsequent selective purification is used to enrich for pure S-nicotine (29, 30). Vaping
products containing CNT’s synthetic S-nicotine have been marketed in the United States
since 2020 (31, 32). Zanoprima Life Sciences Ltd. (London, UK) is another manufacturer
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of synthetic S-nicotine (33). Zanoprima was granted a US patent for a process involving

a biotechnological step for the synthesis of S-nicotine in 2021. (34). The start material

is myosmine, first converted to S-nornicotine using a commercially available recombinant
enzyme, a NADH/NADPH dependent imine reductase. S-nornicotine is then converted to
S-nicotine through methylation (Figure 1B). This product is currently marketed under the
brand name “SyNic” (33). Hangsen International Group, a major manufacturer of vaping
devices and e-liquids, applied for a Chinese and World Patent for a similar process,
marketing synthetic S-nicotine under the brand name “Motivo” (35, 36). NJOY, a major E-
cigarette manufacturer (soon to be owned by cigarette-maker Altria (37)), was also awarded
a patent for nicotine synthesis and purification (38). Some patents describe the resulting
nicotine as >99.9% pure, with chiral purity of >99.6% S-nicotine or higher. Wholesale
products list purities of 99.9% S-nicotine (39).

In 2019, a representative of Next Generation Lab stated that the company’s synthetic
racemic nicotine product, the racemic mix of /- and S-nicotine, “is only three to four times
the current cost of tobacco-derived nicotine” (40). As of March 21, 2023, the wholesale
price of 1 liter of Next Generation Labs TFN racemic synthetic nicotine was quoted as USD
1,800, while the same wholesaler offered 1 liter of tobacco-derived nicotine for USD 229.99
—429.99, depending on brand, equivalent to a 4-8 — fold higher price for the synthetic
version (41-43). 1 liter of Zanoprima’s SyNic synthetic S-nicotine was marketed at a price
of USD 999.99 while the same seller quoted a price of USD 229.99 for tobacco-derived
nicotine, a ~4-fold difference (39, 44). In summary, the pricing of synthetic nicotine remains
substantially higher than for tobacco-derived nicotine. Nevertheless, synthetic nicotine
products continue to be marketed, including electronic cigarette products and oral nicotine
pouches (ONPs), also known as “white snus”. These products are often advertised using
claims of purity and healthfulness when compared to products containing tobacco-derived
nicotine.

Manufacturers of synthetic nicotine (Table 2) have begun to leverage their intellectual
property, leading to legal conflicts and market consolidation. NGL’s intellectual property
was recently affirmed by Chinese authorities, enabling the company to enforce its patents
in the country where the large majority of E-cigarette products are manufactured (45).
Zanoprima sued a major E-cigarette and liquid manufacturer, Hangsen, for infringement
of its patent in a United States District Court (46). Hangsen-manufactured nicotine was
added to U S-marketed “Geekbar” products in 2021, however, Hangsen ceased marketing
its “Motivo”-branded synthetic S-nicotine in the US after the lawsuit was filed, while
continuing sales outside the US (35, 47).

3.4.2.3 Health claims by synthetic nicotine manufacturers—Similar to the sellers
of end products, the companies manufacturing synthetic nicotine promote their products
with health-related statements. Next Generation Labs claims that “TFN is devoid of many of
the residual impurities that tobacco derived nicotine contain ... TFN is virtually tasteless
and odorless ... there is no need to mask the off-flavor and aroma of tobacco-based
nicotine.” (48). Next Generation Labs also claims that “specific ratios of the ‘R’ to the ‘S’
isomers could potentially offer nicotine use at satisfying but non-addictive or less addictive
levels.”. CNT opposes this notion, claiming that its synthetic S-nicotine is superior to the
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racemic version, stating “If you look at the European and the U.S. Pharmacopeias, the
percentage of S-isomers in nicotine must be higher than 99 percent” (40, 49). Zanoprima
claims that its synthetic S-nicotine “is free of related tobacco alkaloids, TSNAs (tobacco-
specific nitrosamines), odour, and harsh taste” (33). These statements may represent claims
of superior drug-like properties for synthetic nicotine. Companies also claim they use a
sustainable “green chemistry” approach for production that is environmentally more friendly
than agricultural tobacco production requiring pesticides, fertilizer, extensive land use and
hazardous production methods.

3.4.2.4 Toxicological, pharmacological, and metabolic properties of synthetic
nicotine—As described above, there are currently two forms of synthetic nicotine in
marketed products, S-nicotine and racemic nicotine, the latter consisting of 50% S-nicotine
and 50% R-nicotine. Since synthetic Snicotine is chemically identical to tobacco-derived
S-nicotine, its toxicological, metabolic, and pharmacological properties should also be
identical, especially if added at the purity the major manufacturers are selling the synthetic
product (>99.9%). Nevertheless, even at this high degree of purity, trace amounts of

other chemicals remaining from the chemical process might be present, deserving further
attention.

If a consumer uses a product containing synthetic racemic nicotine, 50% of the

nicotine intake is R-nicotine. Compared to S-nicotine, the knowledge about ~-nicotine’s
toxicological, metabolic, and pharmacological effects remains limited. A study using mice
established the dose required to produce a lethal effect in 50% of the animals (LD50) 60
minutes after intravenous injection. The LD50 for S-nicotine was 0.33 mg/kg, while the
LD50 for R-nicotine was 6.15 mg/kg, >18 fold higher, suggesting that /-nicotine has less
acute toxicity than S-nicotine under the chosen conditions (50). This study also found that a
higher dose of R-nicotine was required to induce convulsions compared to S-nicotine.

Pharmacological studies revealed that /A-nicotine is a significantly less potent (~10-fold)
agonist of nicotine receptors than S-nicotine (51). A study examining nicotine binding in
the brain found that S-nicotine is more potent than ~-nicotine, by 10-fold or greater (52).
Chronic administration of either form of nicotine was shown to increase the humber of
nicotine binding sites in the rat brain (53).

In an operant behavioral study evaluating the capability of rats to discriminate injected ~-
or S-nicotine from saline, S-nicotine was 9 times more potent than /-nicotine (54). A study
characterizing the locomotor stimulant action of nicotine in rats observed that S-nicotine was
at least 10 times more potent in stimulating motor activity (55). S-nicotine was 4-5 times
more potent than ~-nicotine in conditioned taste aversion assays in rats (56). In contrast

to S-nicotine, R-nicotine did not induce weight loss in rats and did not trigger epinephrine
release (51, 53). Altogether, pharmacological studies comparing the enantiomers in the
standard experimental paradigms for nicotinic pharmacology revealed that S-nicotine, the
prevalent nicotine enantiomer in tobacco (>99%), is between 4-28 times more potent than
R-nicotine that is present at high levels (50%) in synthetic racemic nicotine (51, 52, 54, 55,
57-60).
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S-nicotine and A-nicotine also differ in their metabolism. Studies in guinea pigs revealed
that S-nicotine formed only oxidative metabolites, whereas R-nicotine formed both oxidative
and N-methylated metabolites (61). The degradation kinetics of the resulting S~ and ~-
cotinine also differed. Studies comparing metabolism in different laboratory animal species
observed strong differences in the degradation and excretion of S-nicotine vs. R-nicoting,
and also sex differences in /Z-nicotine metabolism (60-62). Species differences were also
observed when the N-methylation of S- and R-nicotine were compared in human, rat and
guinea pig liver cytosol extracts (63). While human extract catalyzed N-methylation of both
forms of nicotine, rat extract did not form any N-methylation products, and guinea pig
extract only transformed AR-nicotine, but not S-nicotine (63). It is unknown whether these
N-methylation products are bioactive, and whether S- and R-nicotine methylation products
act differently. These findings indicate that the human metabolism of A-nicotine and its
behavioral effects need to be investigated further, and that predictions about toxicological
outcomes of R-nicotine consumption should not rely on animal model studies alone. At this
time, lack of such key data and the observed species differences preclude a toxicological risk
assessment for A-nicotine in humans.

In addition to the differences in nicotinic receptor-mediated pharmacological effects, 7-

and S-nicotine have differential effects on other pharmacological targets. For example,

a tobacco industry-sponsored study on acetylcholinesterase, the enzyme that degrades

the neurotransmitter acetylcholine in the synaptic cleft to terminate neurotransmission,
revealed that /-nicotine is a more potent inhibitor of the enzyme than S-nicotine, binding

to a different site on the enzyme protein (64). The experiments were performed using
acetylcholine esterase isolated from electric eels, and at nicotine concentrations much higher
than in smokers. Whether such effects occur in humans, and how they impact acetylcholine
levels and neurotransmission, needs to be further studied. Both forms of nicotine were
shown to interfere with the production of certain lipid mediators involved in regulation of
inflammation with similar potency, demonstrating that some biological processes are equally
affected by both forms of nicotine (65).

3.4.3 Human psychophysical studies

Human psychophysical studies examined whether /- and S-nicotine elicited different odor
or irritant sensations. Humans perceive nicotine vapor as aversive when exposed in the
nose. At higher concentrations, nicotine vapor causes nasal irritation, including stinging and
burning sensations, mediated by the trigeminal nerve that transmits pain signals to the brain.
Test subjects reported lower detection thresholds for S-nicotine than for R-nicotine, higher
burning and stinging intensity, while olfactory perceptions were elicited at similar levels
(66). In electrical recordings of the mucosal potential, S-nicotine elicited stronger responses
than R-nicotine. Smokers perceived S-nicotine as more hedonic than non-smokers, likely
due to prior experience (66). These are, so far, the only systematic human studies comparing
responses to S- and R-nicotine within the very limited timeline of the experiments, with
individual vapor stimuli applied for only 250 milliseconds.
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3.4.4 Analytical detection of synthetic nicotine

In order to validate vaping products labeled to contain synthetic racemic nicotine,
Hellinghausen et al. developed a methodology, using a chiral stationary phase for separation
of /- and S-nicotine by High-Pressure Liquid Chromatography, HPLC, followed by
circular dichroism detection and electrospray ionization mass spectrometry (26). The authors
reported that one product contained twice as much total nicotine (sum of /- and S-nicotine)
as stated on the product label, effectively listing only the S-nicotine strength. In contrast, the
nicotine amount listed on other labels was equivalent to the measured total nicotine amount,
with effectively half present as S-nicotine (26). These observations suggest that uniform
product labeling practices should be imposed by regulators. Otherwise, unknowing users
may be exposed to high levels of R-nicotine, or to lower S-nicotine levels than they are used
to. Inappropriate labeling of nicotine levels may motivate consumers to purchase products
with higher total nicotine content, potentially leading to significantly higher S-nicotine
intake. The authors also detected impurities that require further characterization (26). A
more recent study examined Puffbar vaping products for the presence of S and R-nicotine,
using 1H NMR spectroscopy, polarimetry, and Gas Chromatography-Mass Spectrometry
(GCMS) (28). The authors confirmed that these products indeed contained both nicotine
forms, albeit with a slightly higher content of S-nicotine than R-nicotine. The authors
speculate that the manufacturer may have added tobacco-derived nicotine, however, further
analysis would be needed to confirm this.

Some methods have been proposed to differentiate nicotine derived from tobacco from
synthetic nicotine. With synthetic S-nicotine available now at high purity, differentiation of
synthetic S-nicotine from tobacco-derived S-nicotine is challenging. Since the compounds
are chemically identical, they cannot be differentiated by standard analytical techniques.
Carbon isotope analysis may offer a solution. Carbon exists as three isotopes 12C, 13C

and 14C. 14C has a half-life of 5,700 years, a property used in radiocarbon dating of
biological materials. 14C is constantly replenished in the atmosphere by the sun’s radiation
and is then integrated into living plant matter, including tobacco plants and their natural
products such as nicotine. Synthetic nicotine is produced from petrochemical precursors
that were formed in the earth millions of years ago, having a much lower 14C content.

For example, a 14C analytical method has been developed to differentiate between naturally
sourced and fossil chemical-derived vanillin, a popular flavor chemical (67). Depending on
the metabolic pathways involved, natural products may also contain a higher ratio of 13C.
High-temperature liquid chromatography coupled to isotope ratio mass spectrometry (HT
RPLC/IRMS) has become a standard approach to identify foods adulterated with synthetic
additives, capable of differentiating between natural and synthetic caffeine, ethanol and
sugars, among other chemicals (67, 68). A method developed by Cheetham et al. used a
14C isotope based approach to compare samples of tobacco-derived and synthetic nicotine,
finding that the tobacco-derived samples contained 100% “modern” biocarbon, meaning that
their carbon isotope distribution is identical to the current distribution in earth’s atmosphere
(69). The synthetic nicotine samples contained only ~35% biocarbon, meaning that some
naturally sourced precursors were likely used in the synthetic process. The commercial
synthetic nicotine preparations tested in this study were found to be of high purity (>99.9%
nicotine content) (69). They contained only minor amounts of nicotine derivatives and
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degradants, fulfilling the United States Pharmacopeia (USP) criteria for pharmaceutical
grade nicotine (70). The commercial purified tobacco-derived nicotine samples were of
similar high purity, also fulfilling USP criteria for pharmaceutical grade nicotine (69).

The authors also devised methodologies to identify products containing mixtures of both
synthetic and tobacco-derived nicotine, and they developed a method for purification of
nicotine from electronic cigarette liquids, an essential first step for the analysis of marketed
products (69). Purification of nicotine is required due to the presence of carbon-based
solvents (propylene glycol, glycerol), flavor chemicals and other additives in marketed
products.

Methodologies involving the analysis of hydrogen isotopes (hydrogen and deuterium),
and nitrogen isotopes (°N) in nicotine, either qualitative or quantitative, also revealed
substantial differences between tobacco-derived nicotine sourced from different growth
locations, and from synthetic nicotine (71, 72). Taken together, while significant advances
have been made in the analytical methodologies to discriminate synthetic from tobacco-
derived nicotine, no standard methodology is available at this time and the instrumentation
and skills required to apply such methodology are costly to acquire, with few countries
having such capabilities.

3.4.5 Summary and discussion

Manufacturers have developed several synthetic strategies that enabled more efficient and
economical production of synthetic nicotine. At this time, two forms of synthetic nicotine
are added to marketed products, racemic nicotine, consisting of 50% S-nicotine and 50%
R-nicotine, and pure S-nicotine. The pricing of synthetic nicotine remains significantly
higher than for tobacco-derived nicotine. Consumers using products containing racemic
nicotine take in much higher amounts of R-nicotine than users of tobacco-derived nicotine
or pure S-nicotine, raising questions about the long-term safety of such products. While
R-nicotine is significantly less potent than S-nicotine in standard nicotinic pharmacological
assays and behavioral tests, toxicological studies examining the effects of /-nicotine are
limited to acute studies. There is also evidence that /R-nicotine differentially affects other
pharmacological and toxicological targets, raising concerns about unexpected toxicological
effects. None of the published pharmacological studies exposed animals for longer than
1-2 weeks, and none examined pathological effects thereafter. None of the published
studies examined the effects of racemic nicotine, with both /- and S-nicotine present,

and none compared their effects when inhaled or ingested, the routes through which
consumer products dispense nicotine. Most studies comparing the effects of 7- and &
nicotine were published between the 1970s and 90s. Toxicological methods have advanced
significantly since then and should be applied to examine long-term effects of /F-nicotine
intake. Chemical analysis strategies are capable of differentiating between synthetic and
tobacco-derived nicotine, however, they have not been standardized and require substantial
investments in advanced equipment and training. Analytical studies raise concerns about
inaccurate labeling of marketed products and undisclosed addition of tobacco-derived
nicotine, likely added to increase addictiveness and raise profits while maintaining health
claims associated with synthetic nicotine. Tested commercial preparations of both purified
tobacco-derived nicotine and synthetic nicotine fulfill USP purity criteria for pharmaceutical
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grade nicotine, however, not all currently marketed preparations have been compared. Due
to the very similar purity of the synthetic and tobacco-derived preparations, specific health
claims attributed to synthetic nicotine over purified tobacco-derived nicotine will require
strong scientific evidence.

If regulators restrict the use of synthetic nicotine in marketed products, the chemical
synthesis strategies developed by the manufacturers can be rapidly modified to generate
nicotine analogs (19). The tobacco industry has a long history of studying the addictive and
reinforcing effects of nicotine-related tobacco alkaloids, including anabasine, nornicotine,
anatabine, cotinine and myosmine (19, 59, 73-76). Regulators need to be aware that these
analogs may be used to replace nicotine in marketed products.

3.5 Legal Landscape

Allowing an unregulated market of synthetic nicotine products risks undermining public
health progress in mitigating the harms of tobacco use (2, 77, 78). US lawmakers,

for instance, wrote a letter to the FDA in November 2021 expressing concern that the
unregulated sale of synthetic nicotine products was “undermin[ing] efforts to reduce the
continued popularity of youth vaping.” (79) Additionally, current marketing claims for
certain synthetic products may be misleading people who use those products by, for
example, suggesting that they are safer than tobacco-derived nicotine products even though
existing evidence does not support such a claim.

Where synthetic nicotine products are left unregulated, companies are likely to make
business choices to sell products containing synthetic, rather than tobacco-derived, nicotine
(or at least claim to be doing so), undermining efforts to comprehensively regulate novel
tobacco and nicotine products (77). Companies are aware that synthetic nicotine products
may not be covered by some countries’ tobacco control laws. Two of the major global
suppliers of synthetic nicotine, Hangsen and NGL, have both touted “[f]lewer restrictions on
entering new markets” as one of synthetic nicotine’s key benefits (80). Going further, before
recent changes to US law, an investment analyst in the US referred to synthetic nicotine as
a potential “golden ticket,” because use of synthetic nicotine in place of tobacco-derived
nicotine might mean “no FDA regulation, no tobacco taxes, no flavor restrictions, and

no restrictions on direct to consumer e-commerce.” (81). As a final example, Puff Bar,
which produces disposable e-cigarettes popular among youth, took advantage of the former
regulatory gap in the US, when, following an FDA enforcement action, it relaunched its
products in early 2021 claiming that it was using synthetic nicotine that exempted it from
regulation as a tobacco product (82).

A key question for policy makers, accordingly, is whether or not synthetic nicotine (or

other non-tobacco-derived nicotine alternative) products fall within existing regulatory
frameworks for tobacco products. This depends on the definitions of the key terms used

in relevant laws and whether or not those definitions are specific to (and limited to) tobacco-
derived products. The WHO Framework Convention on Tobacco Control (WHO FCTC)
defines “tobacco products” as “products entirely or partly made of the leaf tobacco as raw
material which are manufactured to be used for smoking, sucking, chewing or snuffing,”
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which would appear to exclude non-tobacco synthetic nicotine products (83). However, the
WHO FCTC language does not limit the ability of Member States to include synthetic
nicotine products within the definition of “tobacco products” in their national laws, or to
otherwise incorporate products containing synthetic nicotine into national (or sub-national)
tobacco control laws. Notably, the Conference of the Parties has requested the Secretariat

of the WHO FCTC “to advise, as appropriate, on the adequate classification of novel and
emerging tobacco products such as heated tobacco products to support regulatory efforts and
the need to define new product categories.” (83).

To better understand the global legal landscape for synthetic nicotine products and inform
how Member States may want to revise existing regulatory definitions, including to comply
with international obligations (83), we surveyed the tobacco control laws of 210 countries
and the EU to determine whether and how those laws applied to synthetic nicotine products.

3.5.1 Methodology

Our review covered tobacco control regulations pertaining to market entry requirements
(e.g., requirements for registration before marketing), sales restrictions (e.g., age restrictions
for sales, or restrictions on where retailers place tobacco products), packaging and labeling
requirements (e.g., requirements for certain warning statements or images), and advertising
regulations (e.g., restrictions on television advertisements). We excluded other kinds of
tobacco-related laws, such as tax laws, smoke-free laws, and the regulation of flavours.

Laws generally were collected from the Tobacco Control Laws website (84), which provides
laws for 210 countries and the EU. The United States” March 2022 amendment to its
“tobacco products” definition was not yet available on this website, and was accessed
elsewhere (85-87). Accordingly, laws from a total of 211 jurisdictions were included in the
analysis.

Of the 211 jurisdictions reviewed, 21 countries either did not have any laws available or did
not have laws in English available. For the remaining 190 jurisdictions (189 countries and
the EU) in our sample, three English-speaking individuals with US legal training (two of the
authors, MLB and PJZ, and Annamarie Beckmeyer, JD) reviewed the relevant laws. For the
EU, its directives are not binding law but are instead “legislative act[s] that set [] out a goal
that all EU countries must achieve [with...] the individual countries [left to] to devise their
own laws on how to reach these goals.” However, because of the importance of the Tobacco
Products Directive (TPD) to tobacco policymaking in Europe, we coded the EU as a separate
jurisdiction (88).

Using MonQcle, a legal research software (89), laws were first coded for whether they
applied to any synthetic nicotine products. If the laws did apply to synthetic nicotine
products, they were then coded for whether they applied to any synthetic nicotine

products in addition to e-cigarettes, as well as whether the covered synthetic nicotine
products are subject to market entry requirements, sales restrictions, packaging and labeling
requirements, and advertising restrictions.

World Health Organ Tech Rep Ser. Author manuscript; available in PMC 2023 September 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Berman et al. Page 12

3.5.2 Results and Discussion

Some countries have laws with broad enough phrasing to cover some synthetic nicotine
products, and other countries have begun to amend their tobacco control laws such that they
apply to products using nicotine that is not tobacco-derived, but many countries’ tobacco
control laws do not clearly apply to such products.

3.5.3 Laws that Do Not Cover Synthetic Nicotine Products

Of the 190 jurisdictions’ laws coded, 92 did not apply to any type of synthetic nicotine
product. The jurisdictions within this category often had laws defining covered products by
reference to tobacco content. For example, before March 2022, U.S. law defined “tobacco
products” (for purposes of federal regulation) as product that were “made or derived from
tobacco.” (86, 87, 90).

Some laws in this category did not expressly define the relevant terms in the laws, but the
terms themselves suggested synthetic nicotine products likely do not fall within the scope

of the laws. For example, some laws used the term “tobacco product” without defining it.
Countries in the WHO Africa Region were most likely to have laws that did not apply to any
type of synthetic nicotine product.

3.5.4 Laws that Clearly Cover Only Certain Synthetic Nicotine Products

52 jurisdictions’ laws include definitions broad enough to cover certain synthetic nicotine
—typically e-cigarettes—but not other currently marketed synthetic nicotine products like
pouches, toothpicks, and gums. In many of these cases, the laws define “tobacco products”
with reference to tobacco content (as in the category above), but then separately define
“electronic cigarettes” or similar terms without limiting the nicotine source to tobacco or
without requiring any nicotine content.

Other laws in this category do not expressly define relevant terms but use terms that can
encompass e-cigarettes that contain synthetic nicotine. For example, some laws use terms
like “electronic cigarettes” or “electronic nicotine delivery systems” without defining the
limits of the terms. These terms are likely broad enough to cover e-cigarettes that contain
synthetic, rather than tobacco-derived, nicotine.

Some countries’ laws have limited application beyond e-cigarettes. For instance, some
countries’ laws also cover herbal smoking products that contain no tobacco, leaving room to
cover combustible products infused with synthetic nicotine.

Of the entire group of laws covering only certain synthetic nicotine products, a few were
complete bans on the sale and distribution of e-cigarettes. There is no clear geographic
trend in which jurisdictions have implemented laws covering only certain synthetic nicotine
products. Instead, there appears to be a temporal trend; most laws in this category were
enacted in 2017 or later.
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3.5.5 Laws that Cover Synthetic Nicotine Products More Broadly

29 jurisdictions’ laws are drafted broadly enough to cover all or most of the synthetic
nicotine products that are currently marketed, as well as synthetic nicotine products that may
emerge in the future. Of these laws, only a few amounted to complete bans on a broader
range of synthetic nicotine products.

The US provides a recent example of a country in this category that now regulates, but
does not explicitly ban, synthetic nicotine products (91). In March 2022, the US Federal
Food, Drug, and Cosmetic Act was amended to bring synthetic nicotine products within
FDA'’s tobacco product authorities. The US definition of a “tobacco product” now covers
“any product made or derived from tobacco or containing nicotine from any source that is
intended for human consumption, including any component, part, or accessory of a tobacco
product” (emphasis added). This definition, accordingly, would cover all or most of the
currently marketed synthetic nicotine products, as well as products that may emerge in the
future. Under the U.S. law, synthetic nicotine products now require premarket authorization
from the FDA before they can be legally sold. No synthetic nicotine products have yet
received such authorization, but the FDA reports that > 1 million marketing applications
from more than 200 companies were received (91). FDA refused to accept 925,000 of these
for further review. 8,600 applications were accepted for further review.

As another example, Moldova defines “related products” separately from “tobacco
products” to include “products made of plants for smoking and products that contain
nicotine, including electronic cigarettes,” which again seems to provide broad coverage of
existing synthetic nicotine products, as well as those that may emerge. Singapore provides
an additional example of a country where the law contains a definition providing broad
coverage over synthetic nicotine products. Its law defines “tobacco product” to include “a
tobacco substitute,” which in turn means “any article, object or thing that contains nicotine”
without requiring that nicotine be tobacco derived. (And the law expressly excludes from the
“tobacco substitute” definition “(a) a cigarette or cigar, or any other form of tobacco; (b) a
tobacco derivative; (c) a mixture containing any form of tobacco or a tobacco derivative; (d)
a therapeutic product registered under the Health Products Act™).

Countries in the WHO Europe Region are most likely to have laws that reach a broader
range of synthetic nicotine products. A majority of these laws were created since 2016.

3.5.6 Laws that are Unclear Regarding Synthetic Nicotine Product Coverage

17 jurisdictions’ laws were unclear as to whether their definitions cover synthetic nicotine
products. For example, some of these laws referred to tobacco when defining nicotine
products but did not clarify whether the laws’ application was limited to nicotine derived
from tobacco. For some countries, the Tobacco Control Laws website did not have sufficient
information available in English to determine whether its tobacco-related laws applied to
products containing synthetic nicotine.

World Health Organ Tech Rep Ser. Author manuscript; available in PMC 2023 September 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Berman et al.

Page 14

3.5.7 Discussion

There are varied options for legal adjustments that can bring synthetic nicotine products
within the scope of tobacco control regulations. Some of the approaches that countries have
adopted cover only e-cigarette or e-liquid synthetic nicotine products. These approaches
leave potentially unregulated other kinds of synthetic nicotine products that are currently
marketed or that may emerge in the future, which may in turn undermine efforts to
comprehensively regulate novel tobacco and nicotine products. However, as approaches

in countries like Moldova, Singapore, and, most recently, the US demonstrated, there

are also legal adjustments that can bring the full range of currently marketed synthetic
nicotine products, as well as products that may emerge in the future, within tobacco control
regulations.

Though our analysis is limited to synthetic nicotine, it provides an example of how the
tobacco industry may seek to exploit gaps or uncertainty in legal rules in order to market
new products or evade tobacco-related regulations. Further work on the legal landscape for
nicotine analogs may be useful to help countries develop appropriate regulatory approaches
(73).

3.5.8 Limitations

There are several limitations to the above description of the global legal landscape for
synthetic nicotine products. Only laws available in English, and only tobacco control laws
regarding market entry, sales restrictions, packaging and labeling, and advertising, were
coded. There may be additional variation in the ways that countries address synthetic
nicotine products in laws not available in English or in other kinds of tobacco laws, like tax
laws. Similarly, the coded laws generally did not include sub-national jurisdictions within
the same country, which may also have laws that define key terms differently. There also
may be laws missing from the Tobacco Control Laws website, or court decisions that could
impact the interpretation or enforceability of these laws. For example, the most recently
adopted laws for some countries may not yet be reflected on the Tobacco Control Laws
website. Likewise, there may be translation errors in the English versions of laws originally
enacted in another language.

Importantly, the coded laws also did not include laws that regulate products other than
tobacco products. Even if synthetic nicotine products do not fall within a country’s
regulatory scheme for tobacco products, they may be subject to regulation as drugs (or
drug-device combination products), or subject to other consumer protection laws. Such

laws may give countries opportunities to regulate synthetic nicotine products without any
changes to tobacco control laws (77). For example, before US law was amended in March
2022 to bring synthetic nicotine products within FDA’s tobacco product authorities, public
health groups urged FDA to regulate synthetic nicotine products as drugs (95). Synthetic
nicotine manufacturers like Hangsen and NGL boast that their products “provide the same
satisfaction smokers are seeking from their nicotine,” which is an implicit acknowledgement
that the products being sold and used for its effects as an addictive drug (48). Most product
websites also include warnings or disclaimers acknowledging that the nicotine in their
products is addictive and may be hazardous. As another example, the Australian Therapeutic

World Health Organ Tech Rep Ser. Author manuscript; available in PMC 2023 September 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Berman et al.

Page 15

Goods Administration (TGA) requires a prescription for the sale of e-cigarettes containing
nicotine. Although this requirement appears to cover synthetic nicotine products, it is not
imposed through Australia’s tobacco control laws and thus is outside the scope of this
analysis (96).

Finally, whether requirements are imposed through tobacco control laws or other kinds of
laws, the coding analysis cannot assess whether any given law is being enforced. Levels of
enforcement may also vary within and between countries.

3.6 Recommendations for consideration by policymakers

1.

3.7 Conclusions

If a regulatory gap for synthetic nicotine products (as compared to products
containing nicotine derived from tobacco) exists, countries may consider
amending tobacco control laws to ensure that synthetic nicotine products fall
within their scope.

Countries that choose to amend tobacco control laws to cover synthetic nicotine
products may consider legal adjustments that extend the scope of the laws to
cover the full range of synthetic nicotine products that are currently marketed as
well as products that may emerge in the future. These may include products
containing synthetic nicotine analogs or any other chemical with similar
properties, or chemical systems that generate nicotine or analogs in situ.

Countries are advised to enforce purity standards for synthetic nicotine in
products, preferably at U.S. Pharmacopeia/ European Pharmacopeia (USP /

Ph. Eur.) standards. Regulators should consider the implementation of product
standards that ban the mixing of tobacco-derived nicotine with synthetic nicotine
in marketed products.

Policymakers are advised to enforce uniform labelling rules for products
containing nicotine, either natural or synthetic, declaring the content of S
nicotine and, separately, the content of /Z-nicotine and any other nicotine analog,
or any other chemical with similar properties.

Countries should consider implementing bans of synthetic nicotine products
containing levels of ~-nicotine, or any nicotine analog besides S-nicotine, that
exceed the compounds’ levels in tobacco-sourced products, until the safety of the
consumption of these chemicals from such products is established.

Regulators should consider restricting marketing practices promoting synthetic
nicotine as generally “tasteless and odorless”, “more pure” or “healthier” than
purified tobacco-derived nicotine, unless scientific evidence supporting these

claims is provided.

Companies are increasingly marketing a wide range of synthetic nicotine products, which,
if left unregulated, may undermine efforts to reduce tobacco and nicotine use and addiction,
as well as WHO Member States’ efforts to comprehensively regulate tobacco and nicotine
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products. Additionally, there are still many knowledge gaps relating to the human health
effects of using synthetically derived nicotine in different types of consumer products.

Al

though synthetic nicotine products are not clearly subject to current tobacco control

regulations in many countries, some countries’ tobacco control laws have been updated

to
val

cover these products. The information presented in this paper shows that there are
rious options for countries to make legal adjustments to close regulatory gaps for synthetic

nicotine products, including ways to make adjustments that cover both the broad range of
products currently on the market and those products that might emerge in the future.
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Key Findings:

. Synthetic nicotine products—including nicotine pouches, e-liquids,
disposable e-cigarettes, gums, toothpicks, and infused combustible products
—are being marketed and sold throughout the world.

. Synthetic nicotine products are being sold with marketing claims (e.g.,
“tobacco-free”) that may suggest they are safer than products using tobacco-
derived nicotine and some products are being sold with flavour concepts (e.g.,
“chocolate dream,” “pink lemonade™) that are likely to appeal to youth.

. Synthetic nicotine is added to marketed products in two forms—S-nicotine
and R-nicotine. S-nicotine is the primary form of nicotine found in tobacco
plants, but the pharmacological, metabolic, and toxicological effects of /-
nicotine, and of mixtures and /- and S-nicotine, remain poorly understood.

. No standard methodologies for the chemical analysis of synthetic nicotine
exist, and product adulteration with tobacco-derived nicotine is of concern.

. Whether synthetic nicotine products fall within current tobacco control
regulations depends on how the laws of each country define products
covered under the regulations. Laws that only apply to “tobacco products”
or “tobacco-derived” products may not be broad enough to cover synthetic
nicotine products, because synthetic nicotine is not derived from tobacco
plants.

. Companies are aware that some tobacco control laws do not cover synthetic
nicotine products and have sought to take advantage of such regulatory gaps.

. Some countries have amended their tobacco control laws such that they apply
to products using nicotine that is not made or derived from tobacco, such as
synthetic nicotine. But many countries’ tobacco control laws do not clearly
apply to such products or do not apply to the full range of currently marketed
products.

. For this analysis, we reviewed 210 countries’ laws, as well as the European
Union’s (EU) Tobacco Products Directive, by examining the laws available
on the Tobacco Control Laws website (www.tobacccocontrollaws.org). Of
those 211 jurisdictions’ laws, 21 did not have laws available or did not have
laws available in English. Of the remaining 190 jurisdictions, 52 included
definitions broad enough to clearly cover at least certain synthetic nicotine
products (e.g., e-cigarettes but not other synthetic nicotine products), and 29
included definitions covering a broader range of synthetic nicotine products.
92 included definitions that did not apply to any type of synthetic nicotine
product, while, for 17 jurisdictions, it was unclear as to whether laws cover
synthetic nicotine.
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Figure 1. Structure and chemistry of synthetic nicotine
(A). Structures of S- and R-nicotine. The compounds differ in their configuration at the

carbon atom labeled with a red asterisk, also called a chiral center. In tobacco leaf >99%
of nicotine is present as S-nicotine. Synthetic “Tobacco-Free Nicotine” (TFN), marketed
by Next Generation Labs, is racemic, containing 50% S-nicotine and 50% R-nicotine. Pure
synthetic S-nicotine is chemically indistinguishable from S-nicotine purified from tobacco.
(B). Synthesis of S-nicotine as described in a patent assigned to Zanoprima involving a
biotechnological step. The starting material is myosmine, first converted to S-nornicotine
using a recombinant enzyme (1), a NADH/NADPH dependent imine reductase. Such

a reaction is also called “stereoselective”. S-nornicotine is then converted to S-nicotine
through methylation (2).
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Table 1.

Example Promotional Claims about Synthetic Nicotine Products

Product Owner/Manufacturer Claim
Juice Head Juice Head (USA) “[ ] may offer higher nicotine satisfaction with potentially less risk than tobacco-derived
pouches nicotine. In addition, while tobacco nicotine often features a strong pungent odor and

taste, synthetic nicotine is virtually tasteless and odorless.”

“[] it is important to note that tobacco cultivation (which is commonly very subsidized)
can be very damaging to the environment and is often a process that is highly labor-
intensive, cumbersome, and wasteful.”

“It should be noted that tobacco-derived nicotine may come along with more risks of side
effects than pouches made without tobacco. ” (12)

Pacha Mama vape
pen

Charlie’s Holdings, Inc.
(USA)

“Increased purity and consistency over traditionally harvested nicotine” (13)

Outlaw Dip Outlaw Dip Company “pharmaceutical grade” (9)
(USA)

Bidi Pouch Kaival Brands Innovations | “aims to help adult smokers take their first steps in going smokeless” (14)
Group, Inc. (USA)

ZIA gum Next Generation Labs “the Only Nicotine Gum Developed with Synthetic Nicotine” (4)

LLC (USA)

“offers the same nicotine satisfaction as any tobacco-derived product containing
nicotine,” (4) and “ZIA™ gum is not intended to assist in quitting efforts” (15)

VaporX e-juice and
disposable e-
cigarettes

Vaporex Co., Ltd. (South
Korea)

“We are committed to protecting the health of smokers by providing them with a valuable
and appropriate vaping experience” (16)
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Manufacturer Name

Starting material

Resulting product

Stereoselective step

Next Generation Labs LLC (NGL)

ethyl nicotinate

racemic (50/50) R-/S-nicotine

n/a

Contraf-Nicotex-Tobacco GmbH (CNT) ethyl nicotinate S-nicotine stereoselective recrystallization
Zanoprima Lifesciences Ltd Myosmine S-nicotine enzymatic stereoselective step
Hangsen International Group Myosmine S-nicotine enzymatic stereoselective step

NJOY LLC racemic (50/50) R-/S-nicotine S-nicotine stereoselective recrystallization
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Table 3:

Overview of Tobacco Control Laws’ Applicability to Synthetic Nicotine (SN) Products

Category

Number of
Jurisdictions

Characteristics

Laws That Do Not Cover SN Products 92 “Tobacco products” defined as products containing elements made from
tobacco plant.

Laws that Clearly Cover Only Certain SN 52 E-cigarettes (or other specific product types) defined to include nicotine

Products derived from any source, but “tobacco product” definition otherwise
limited to products made from tobacco plant.

Laws that Cover SN Products More 29 “Tobacco products” defined to explicitly include synthetic nicotine or to

Broadly encompass nicotine derived from any source.

Laws for which coverage of SN Products 17 Product definitions reference tobacco plant or smoke without expressly

was unclear requiring that the products be made or derived from tobacco.

Laws that Were Unavailable 21

Total in Sample 211
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Table 4:

Examples of Countries with Product Definitions Covering All Synthetic Nicotine Products

Country Date Comments/Definitions

Singapore 2010 | Singapore’s law has included the regulation of “tobacco substitutes” since 2010. Though the definition has been
amended over time, it has consistently been used as catch-all term to regulate products that contain nicotine
(regardless of source) but are not otherwise included in the other defined categories in the Tobacco Act (92).

Moldova 2015 | Moldova adopted comprehensive revisions to its Tobacco Control Act to comply with its obligations under the WHO
FCTC and to align its policies with the EU pursuant to the Moldova-EU Association Agreement. In addition to
regulating “tobacco products,” the revised law also regulates “related products,” defined to include “products made of
plants for smoking and products that contain nicotine, including electronic cigarettes” (emphasis added) (93).

United 2022 | Inresponse to the introduction of synthetic nicotine products that claimed to be outside the reach of the U.S. Tobacco

States Control Act, the U.S. amended to definition of “tobacco product” in the Act to include “any product...containing

nicotine from any source, that is intended for human consumption[.]”(94)
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