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David Ashley is currently a Research Professor in the School of Public Health at Georgia State 
University. He received his PhD in Physical Chemistry in 1982 from Emory University. He 
spent 27 years, from 1983-2010 at the Centers for Disease Control and Prevention, National 
Center for Environmental Health. During this time, he carried out research on the impact of 
toxic chemicals in the environment on health, developed methods and systems to respond to 
chemical and biological terrorism, and built a tobacco product and biomarker laboratory. He 
has performed extensive research related to the impact of cigarette design and contents on 
the emissions from tobacco products, how people use tobacco products, and resulting 
biomarkers of exposure. From 2010 until 2017, he was the inaugural Director of the Office of 
Science at the Center for Tobacco Products (CTP) of the U.S. Food and Drug Administration. 
In that role, he was instrumental in carrying out the regulatory authorities of the 2009 law 
which gave FDA authority to regulate tobacco products. He has published over 180 peer-
reviewed articles and book chapters related to biophysics, environmental chemicals, 
biomarkers of exposure and the constituents of tobacco and tobacco smoke. He retired in 
May 2016 at the Public Health Service rank of Assistant Surgeon General. He has presented 
extensively at scientific meetings on the chemistry of tobacco and tobacco smoke and 
biomarkers of exposure. He serves on the World Health Organization (WHO) Study Group for 
Tobacco Product Regulation and was the Chair of the WHO Tobacco Laboratory Network 
from 2006 until 2010. 

Dr. David Ashley, PhD
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Micah Berman is an associate professor of public health and law at The Ohio State University. 
He has written extensively about local, state, and federal tobacco regulation, and his is a co-
author of The New Public Health Law: A Transdisciplinary Approach to Practice and Advocacy 
(Oxford University Press, 2018).  Prior to joining Ohio State, he founded and directed two 
policy centers that provided support to state and local tobacco control programs. He has also 
served as a senior advisor to the FDA’s Center for Tobacco Products and as a trial attorney 
with the U.S. Department of Justice. He received his J.D. with distinction from Stanford Law 
School.

Micah Berman, JD

Dr. Andrew Seidenberg, PhD

Andrew Seidenberg is a 2nd year cancer prevention fellow in the Behavior Research Program 
within the Division of Cancer Control and Population Sciences. He earned his Ph.D. in public 
health with an emphasis in Health Behavior from the Gillings School of Global Public Health 
at the University of North Carolina at Chapel Hill. Andrew also earned his MPH in 
Environmental Health Sciences at the Yale School of Public Health.
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Patricia J. Zettler, JD is an associate professor at The Ohio State University Moritz College of 
Law and a member of Ohio State’s Drug Enforcement and Policy Center and its 
Comprehensive Cancer Center. Her research and teaching focus on FDA law and policy, torts, 
and legislation and regulation. Her scholarship has appeared in leading legal and health 
sciences journals such as the Indiana Law Journal, the Boston College Law Review, New 
England Journal of Medicine, JAMA, JAMA Oncology, and Science, and has covered various 
topics including stem cell interventions, gene therapy, opioids, cannabis products, tobacco and 
nicotine products, and COVID-19 countermeasures. She is serving or has recently served on 
the National Academies of Sciences, Engineering, and Medicine’s Committee on Reviewing 
the Public Health Emergency Medical Countermeasures Enterprise (PHEMCE), the 
International Society of Cell & Gene Therapy’s Committee on the Ethics of Cell and Gene 
Therapy, and the Black Lives Matter Advisory Committee for the Food and Drug Law 
Institute, among other things. Before entering academics, Zettler served as an associate chief 
counsel in the Office of the Chief Counsel at FDA. She received her undergraduate and law 
degrees from Stanford University, both with distinction.

Patricia Zettler, JD
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I am an epidemiologist and assistant professor in the Division of Medical Oncology at The 
Ohio State University. As a member of the Cancer Control Program at the OSUCCC – James, 
I am interested in tobacco regulatory science, particularly regulations related to marketing and 
product characteristics. Most of my work is focused on the role of advertising in tobacco use 
behaviors among youth, as well as identifying key characteristics of tobacco products that 
drive their addiction potential. I am also interested in tobacco regulations to promote health 
equity, especially for Appalachian populations. 

Dr. Brittney Keller-Hamilton, PhD, MPH
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• Background: Dr. Andrew Seidenberg
• Chemistry overview: Dr. David Ashley
• Consumer perceptions: Dr. Brittney Keller-Hamilton
• Federal Regulation: Patti Zettler
• Tribal, State, and Local Regulation: Micah Berman
• Questions

• Moderator: Natalie Hemmerich
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The opinions expressed are my own and this 
material should not be interpreted as 

representing the official viewpoint of the U.S. 
Department of Health and Human Services, the 

National Institutes of Health, or the National 
Cancer Institute.
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Nicotine Sources

Tobacco Synthetic

*Very low levels of nicotine
“Tobacco-free nicotine”

Other Nightshade Plants



Nicotine first 
synthesized 
in a lab in 

1904

Pictet A, Rotschy A. Synthese des nicotins. Berichte der deutschen 
chemischen Gesellschaft. 1904 Mar;37(2):1225-35.



Tobacco 
companies 
have had 
interest in 
synthetic 

nicotine since 
the 1960s

https://www.industrydocuments.ucsf.edu/tobacco/docs/#id=srhn0096
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Two Forms (enantiomers) of Nicotine

>99% S-nicotine

Early methods for synthetic nicotine yielded 50% S-
nicotine and 50% R-nicotine (racemic mixture)
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S-nicotine vs. R-nicotine

 Animal models reveal differences between S- and R-nicotine:
 Formation of oxidative metabolites

 Degradation kinetics

 R-nicotine does not induce weight loss in rats (S-nicotine does)

 R-nicotine is a much less potent agonist (10-fold) for nicotine receptors

Jordt SE, 2021. PMID: 34493630 
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https://www.industrydocuments.ucsf.edu/tobacco/docs/#id=gpyw0014

“In addition, all synthetic sequences will produce nicotine as a 
racemic mixture. It has been established that only [S-
nicotine] shows significant pharmacologic activity. 
Therefore, synthetic nicotine would be only 50% as potent 
as natural nicotine… As a result, it appears that synthetic 
nicotine would be significantly more expensive than nicotine 
from natural sources.”

January 30, 1978
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Synthetic Nicotine

Historically, synthetic nicotine was:

 More expensive 

 Less “potent”

Recently: 

 Newer methods for producing and isolating synthetic S-nicotine

 Costs to produce synthetic nicotine have been greatly reduced

 Numerous companies selling synthetic nicotine

 Many products marketed with synthetic nicotine



“We have moved from pricing from a multiple 
that was 10 times greater than tobacco nicotine, 
to … pricing level that is only three to four times 
the current cost of tobacco-derived nicotine.” 

https://tobaccoreporter.com/2019/12/01/mirror-image/

https://tobaccoreporter.com/2019/12/01/mirror-image/


Patent for Synthetic Nicotine (2019)

https://patents.google.com/patent/CN110256403B/en?q=%22synthetic+nicotine%22&oq=%22synthetic+nicotine%22
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 TFN nicotine used in “over 60 e-liquid brands and other nicotine 
containing products in the US and worldwide…” (Sept, 2020)

 Projected annual volume growth from 2020-2021: 1,800%

https://www.prweb.com/releases/next_generation_labs_warns_of_surge_in_fake_and_counterfeit_synthetic_nicotine_v
ape_products_coming_from_china/prweb17398859.htm 
www.tobaccoasia.com/features/a-real-up-and-comer-synthetic-nicotine/

http://www.tobaccoasia.com/features/a-real-up-and-comer-synthetic-nicotine/
http://www.tobaccoasia.com/features/a-real-up-and-comer-synthetic-nicotine/
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https://nudenicotine.com/blogs/news/nn-syntha-synthetic-nicotine



E-cigarettes

Made with synthetic nicotine



Nicotine 
Pouches

Made with synthetic nicotine



Made with synthetic nicotine

Nicotine toothpicks Tobacco-free moist snuff 
(green leaves)

Heated tobacco-
free product (tea 

leaves)
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Why Synthetic Nicotine? 

https://www.zanoprima.com/our-company
https://chemnovatic.com/product/synthetic-nicotine/





“Among high school current e-cigarette users 
(2020), 26.1% reported that their usual brand 
was Puff Bar, followed by Vuse (10.8%), SMOK 
(9.6%), JUUL (5.7%), and Suorin (2.3%).”

https://www.cdc.gov/mmwr/volumes/70/wr/mm7039a4.htm



Synthetic Nicotine (SN) Product Observations

 SN typically added to products with no tobacco leaf
 e.g., e-cigarettes, nicotine pouches

 SN typically not used by major tobacco companies
 Companies typically do not disclose type of SN (R/S or S)

 Nicotine labels may be misleading to consumers

*Not based on any systematic surveillance of synthetic nicotine products



 One product (made with R/S nicotine) listed the amount of S-
nicotine (half of the total nicotine) on its label
 Other products listed the amount of total nicotine (S-nicotine + R-

nicotine)



Synthetic Nicotine (SN) Product Observations

 SN typically added to products with no tobacco leaf
 e.g., e-cigarettes, nicotine pouches

 SN typically not used by major tobacco companies
 Companies typically do not disclose type of SN (R/S or S)

 Nicotine labels may be misleading to consumers

6 mg Synthetic Nicotine 12 mg Synthetic Nicotine

*Not based on any systematic surveillance of synthetic nicotine products



Synthetic Nicotine (SN) Product Observations

 SN typically added to products with no tobacco leaf
 e.g., e-cigarettes, nicotine pouches

 SN typically not used by major tobacco companies
 Companies typically do not disclose type of SN (R/S or S)

 Nicotine labels may be misleading to consumers

6 mg Synthetic Nicotine
Could have 6 mg of S-nicotine or 3 mg of 

S-nicotine (+ 3 mg of R-nicotine)

12 mg Synthetic Nicotine
Could have 12 mg of S-nicotine or 6 mg of S-

nicotine (+ 6 mg of R-nicotine)

*Not based on any systematic surveillance of synthetic nicotine products
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Thank You!

Andrew B. Seidenberg, PhD, MPH

Cancer Prevention Fellow

Behavioral Research Program, National Cancer Institute

andrew.seidenberg@nih.gov

mailto:andrew.seidenberg@nih.gov


Methods for Identifying Synthetic 
Nicotine

1



Nicotine enantiomers

2
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Typical nicotine analysis
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 Nicotine appears as a single peak in the GC/MS total ion 
chromatograph of a commercial e-liquid

Peace, M. R., Mulder, H. A., Baird, T. R., Butler, K. E., Friedrich, A. K., Stone, J. W., Turner, J. B. M., Poklis, A. and Poklis, J. L. 
Evaluation of Nicotine and the Components of e-Liquids Generated from e-Cigarette Aerosols. J Anal Toxicol. 2018 Oct 
1;42(8):537-543.



Enantiomer-specific nicotine analysis

4
Zhang, H., Pang, Y., Luo, Y., Li, X., Chen, H., Han, S., Jiang, X., Zhu, F., Hou, H. and Hu, Q. Enantiomeric composition of 
nicotine in tobacco leaf, cigarette, smokeless tobacco, and e-liquid by normal phase high-performance liquid 
chromatography. Chirality. 2018 Jul;30(7):923-931. doi: 10.1002/chir.22866. Epub 2018 May 3

 Nicotine enantiomers can be separated using normal-phase high 
performance liquid chromatography



Chiral column nicotine analysis
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Hellinghausen, G., Roy, D., Wang, Y., Lee, J. T., Lopez, D. A., Weatherly, C. A. and Armstrong, D. W. A comprehensive 
methodology for the chiral separation of 40 tobacco alkaloids and their carcinogenic E/Z-(R,S)-tobacco-specific 
nitrosamine metabolites. Talanta. 2018 May 1;181:132-141. doi: 10.1016/j.talanta.2017.12.060. Epub 2017 Dec 21.

 Nicotine enantiomers can also be separated using a chiral column 
and ultra-fast liquid chromatography



Enantiomer-specific nicotine analysis
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 Even if you can determine (S)- and (R)-forms, can you tell the 
difference between natural and synthetic nicotine?

 There are analytical preparation methods for purifying a mixture 
of (R)- and (S)-nicotine

 There are simple ways of mixing (R)- and (S)-nicotine together to 
get what appears to be a synthetic mixture

 Identifying the source of a product that can be manipulated after 
isolation can be challenging



Tobacco alkaloids
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Benowitz, N. L., Hukkanen, J. and Jacob, P., 3rd. Nicotine chemistry, metabolism, kinetics and biomarkers. Handb Exp
Pharmacol. 2009;(192):29-60. doi: 10.1007/978-3-540-69248-5_2.

 Generally, nicotine isolated from tobacco contains low level impurities
 Other alkaloids
 Tobacco-specific nitrosamines



Gar chromatogram of nicotine and alkaloid impurities
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Wu W, Ashley DL, Watson CH. Determination of nicotine and other minor alkaloids in international cigarettes by solid 
phase microextraction and gas chromatography/mass spectrometry, Anal Chem 74: 4878-4884, 2002



Impurity Analysis Challenges
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 Methods could be used to clean-up tobacco-derived nicotine to 
reduce impurity levels and make it appear to be synthetic

 Manufacturers could also purposefully contaminate synthetic 
nicotine to make it appear to be tobacco-derived

 Different tobacco sources may have different levels of impurities. 
These would need to be evaluated



NMR analysis
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Liu, B., Chen, Y., Ma, X. and Hu, K. Site-specific peak intensity ratio (SPIR) from 1D (2)H/(1)H NMR spectra for rapid 
distinction between natural and synthetic nicotine and detection of possible adulteration. Anal Bioanal Chem. 2019 
Sep;411(24):6427-6434. doi: 10.1007/s00216-019-02023-6. Epub 2019 Jul 19.

 Has been used to authenticate natural or synthetic vanillin, linalool, 
benzaldehyde

 Use to detect addition of sugars to fruit juices and wines.
 Basic Principle: Natural and synthetic nicotine are formed from different 

starting materials
 Natural nicotine has a lower 2H/1H peak intensity ratio (SPIR) because 

glucose and ornithine are the original sources of those parts of the 
chemical structure

 Ratios for different samples of synthetic nicotine may vary due to 
different starting reactants



NMR analysis
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 Measure 2H/1H peak intensity ratio (SPIR)
 SPIR of certain sites differs between natural and synthetic nicotine 
 Similar approach to identification of sources of nuclear materials 

Liu, B., Chen, Y., Ma, X. and Hu, K. Site-specific peak intensity ratio (SPIR) from 1D (2)H/(1)H NMR spectra for rapid 
distinction between natural and synthetic nicotine and detection of possible adulteration. Anal Bioanal Chem. 2019 
Sep;411(24):6427-6434.

N

N

CH3

+

H

H H
H

H
H

HH

H

H

H
H



NMR analysis

12
Liu, B., Chen, Y., Ma, X. and Hu, K. Site-specific peak intensity ratio (SPIR) from 1D (2)H/(1)H NMR spectra for rapid 
distinction between natural and synthetic nicotine and detection of possible adulteration. Anal Bioanal Chem. 2019 
Sep;411(24):6427-6434. doi: 10.1007/s00216-019-02023-6. Epub 2019 Jul 19.



NMR analysis

13
Liu, B., Chen, Y., Ma, X. and Hu, K. Site-specific peak intensity ratio (SPIR) from 1D (2)H/(1)H NMR spectra for rapid 
distinction between natural and synthetic nicotine and detection of possible adulteration. Anal Bioanal Chem. 2019 
Sep;411(24):6427-6434. doi: 10.1007/s00216-019-02023-6. Epub 2019 Jul 19.

rac-Nicotine = synthetic nicotine
Mixture = mixture
p-Nicotine = natural nicotine



Summary
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 Methods are available to differentiate (R)- and (S)-nicotine. 
However, manufacturers may be able to alter these ratios in 
natural nicotine to appear to be synthetic nicotine

 Impurities may be useful to identify natural nicotine. However, 
chemical techniques may be used to clean-up materials and 
falsify the methods

 2H/1H isotope ratio method looks promising. However, it needs 
to be fully evaluated and validated 



The Ohio State University Comprehensive Cancer Center – Arthur G. James Cancer Hospital and Richard J. Solove Research Institute

Consumer Perceptions of Synthetic 
Nicotine Products
Brittney Keller-Hamilton, PhD, MPH
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“Tobacco-free” descriptors on warning labels

2

puffbar.comblu.com



The Ohio State University Comprehensive Cancer Center

“Tobacco-free” descriptors on warning labels

3

frepouch.comus.zyn.com
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Objectives
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Evaluate whether “tobacco-free” language on warning labels affects:

1. Attitudes toward the product (enjoyable, likable, appealing)

2. Curiosity to use the product

3. Perceiving product as a “tobacco product”

4. Perceived substitutability for cigarettes and traditional smokeless tobacco

5. Absolute and relative harm and addiction perceptions



The Ohio State University Comprehensive Cancer Center

Sample

5

Participants enrolled in ongoing Buckeye Teen Health Study (BTHS)
• N=1220 male youth, ages 11-16 at baseline (2015-2016)
• Urban and rural Appalachian Ohio

N=239

Eligibility for current study: Has not 
withdrawn from BTHS, at least 18-
years-old, agree to take online survey
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Methods
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• July and August 2021
• Brief online survey administered via Qualtrics
• Participants randomized to view:

OR



The Ohio State University Comprehensive Cancer Center

Methods
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• Covariates
• Age, race and ethnicity, parental education, region of Ohio
• Peer & household tobacco use
• Past 30-day tobacco use (cigarettes, e-cigarettes, cigars/cigarillos, 

smokeless tobacco, snus, nicotine pouches, hookah, and other)
• Awareness and ever use of nicotine pouches

• Analysis
• Confirm randomization balanced covariates
• Chi-square tests/Fisher’s exact test, Wilcoxon rank sum tests



The Ohio State University Comprehensive Cancer Center

Results

8

Randomization

“Tobacco free” Standard

“Non-tobacco” 60 60

Standard 60 59

Puff Bar label

Fre label
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Results
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Sample Characteristics (N=239 young adult men)
M (SD) or N (%)

Age (years) 20.2 (1.3)
White non-Hispanic (ref: all others) 194 (81.2)
Parental education > Bachelor’s degree (ref: <Bachelor’s degree) 174 (72.8)
Appalachian region of Ohio (ref: urban Ohio) 88 (36.8)
Lived with adult tobacco user at baseline (ref: did not) 52 (21.8)
Used any tobacco/nicotine in past 30 days (ref: never/former use) 52 (22.3)
“A few” or more friends use tobacco (ref: none) 199 (87.3)
Heard of nicotine pouches prior to survey (ref: no/don’t know) 105 (44.5)
Ever used nicotine pouches (ref: never) 21 (8.8)
Used nicotine pouches in past 30 days (ref: did not) 6 (2.6)
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Results – Fre Nicotine Pouches

p=0.005
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Discussion & Implications
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Puff Bar’s “tobacco free” warning label increased perceptions of substitutability 
for cigarettes and traditional SLT.

• Congruent with existing e-cigarette marketing strategies to implicitly or explicitly 
position e-cigarettes as cessation devices.1-3

• However, did not ask directly about cessation.

Fre’s “non-tobacco” warning label  less likely to think of Fre as a tobacco product, 
reduced harm perceptions relative to traditional SLT.

• Reduced harm perceptions associated with increased risk of tobacco product 
initiation.4

• Preliminary data: Use of nicotine pouches is highest among SLT users.
• Interest in nicotine pouches is highest among SLT users, and most-stated 

reason for use is reduced harm perceptions.5

1) Patterson et al., Tob Control, 2020; 2) McCausland et al., J Med Internet Res, 2019; 3) Ramamurthi et al., Am J Public 
Health, 2016; 4) Elton-Marshall et al., Addict Behav, 2020; 5) Plurphanswat et al., 2020, Am J Addict



The Ohio State University Comprehensive Cancer Center

Conclusions
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• “Tobacco-free” descriptors in warning labels affect product perceptions; effects 
might differ according to product.

• Current study limited by: Ohio sample; young adult male sample; small sample 
size/low response rate; one-time, brief exposure to “tobacco-free” warnings

• Remaining questions:
• Do effects of “tobacco-free” descriptors differ for users & nonusers? 
• Is “tobacco-free” language in warning labels & advertisements noticed at the 

point of sale? 
• How do repeated exposures to “tobacco-free” language in warning labels & 

advertisements affect product perceptions and use behaviors?
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Thank you!

Co-authors
 Hayley Curran
 Elise M. Stevens, PhD
 Patricia J. Zettler, JD
 Darren Mays, PhD, MPH
 Amy Ferketich, PhD
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Contact
Brittney Keller-Hamilton
Keller-Hamilton.1@osu.edu

Funding: This work was supported by grant P50CA180908 from the National Cancer Institute and Food and Drug Administration’s 
Center for Tobacco Products. The content is solely the responsibility of the authors and does not necessarily represent the official 
views of the NIH or the Food and Drug Administration. This work was also supported by The Ohio State University Comprehensive
Cancer Center. 



Federal Regulatory Landscape for Synthetic 
Nicotine Products
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This presentation is for informational 
and educational purposes only, and 

is not legal advice.
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Are synthetic nicotine products “tobacco products” under 
the Federal Food, Drug, and Cosmetic Act?

Are synthetic nicotine products “drugs” (or drug-delivery 
devices) under the Federal Food, Drug, and Cosmetic Act?
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“The term “tobacco product” means any 
product made or derived from tobacco that 
is intended for human consumption, 
including any component, part, or accessory 
of a tobacco product . . .” 

21 U.S.C. §321(rr)
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Is synthetic nicotine a “golden ticket”?

The term “drug” means  . . . (B) articles intended for use in the 
diagnosis, cure, mitigation, treatment, or prevention of 
disease in man or other animals; and (C) articles (other than 
food) intended to affect the structure or any function of the 
body of man or other animals . . . 21 U.S.C. § 321(g)(1)

Brown & Williamson and Sottera do not apply

Patricia J. Zettler, Natalie Hemmerich & Micah L. Berman, Closing the Regulatory Gap for 
Synthetic Nicotine Products, 59 B.C. L. Rev. 1933 (2018), 
https://lawdigitalcommons.bc.edu/cgi/viewcontent.cgi?article=3692&context=bclr
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Synthetic nicotine products as drugs

• Companies’ representations may include both disease and 
structure/function claims

• Product design
• Circumstances surrounding distribution (consumer intent)

Patricia J. Zettler, Natalie Hemmerich & Micah L. Berman, Closing the Regulatory Gap for 
Synthetic Nicotine Products, 59 B.C. L. Rev. 1933 (2018), 
https://lawdigitalcommons.bc.edu/cgi/viewcontent.cgi?article=3692&context=bclr
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Where’s the regulatory gap?

https://www.fda.gov/tobacco-products/about-center-tobacco-products-ctp/commonly-
asked-questions-about-center-tobacco-products
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Regulatory Options include . . .

FDA regulating the products as drugs

Congress amending the Federal Food, Drug, and Cosmetic Act
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Thanks!
Questions?

Contact Information:
Patti Zettler
Email: zettler.25@osu.edu
Twitter: @pzettler
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Tobacco Control Act

“The term ‘tobacco product’ means any product made
or derived from tobacco that is intended for human 
consumption, including any component, part, or accessory 
of a tobacco product (except for raw materials other than 
tobacco used in manufacturing a component, part, or 
accessory of a tobacco product).”

21 USC Sec. 321(rr)(1)



State/Local Definitions
• Chicago amended definition of “tobacco products” in its 

code:
 “products containing nicotine derived from tobacco 

or any other source”

• Wyoming: “‘Electronic cigarette’ means any device that 
can be used to deliver aerosolized or vaporized nicotine 
or synthetic nicotine”



State/Local Definitions
• Implications for ALL tobacco-related laws:

 Licensing laws
 Smoke-free laws
 Taxes
 Minimum price
 Minimum sales age
 Etc.



Alabama, HB 273 (2021)
“Beginning on September 1, 2021, no e-liquid, e-
liquid in combination with an electronic nicotine 
delivery system, or alternative nicotine product 
that, in the case of any such product, contains 
synthetic nicotine or nicotine derived from a 
source other than tobacco may be sold or 
otherwise distributed in this state without first 
obtaining approval from the United States Food 
and Drug Administration for sale as a [drug, 
device, or combination product].”



The Global Picture
• Some countries had laws/regulations broad 

enough to include SN (European Union)

• Some countries have recently amended laws to 
include SN (Russia, Kazakhstan, Paraguay)

• Other are in the process of amending laws in 
response to new products, tax evasion (Kenya, 
South Korea)



Micah Berman, JD
berman.31@osu.edu
614-688-1438
Twitter: @MicahLBerman

mailto:berman.31@osu.edu
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