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Free markets. Real solutions.

Public Health England;' the National Academies of Science, Engineering and Medicine;? and the FDA have
recognized that nicotine products exist on a continuum of risk,® with e-cigarettes at the lower end near tra-
ditional nicotine replacement therapies and combustible cigarettes at the highest end of the risk spectrum.

Importantly, in its comprehensive report, Public Health England stated that e-cigarettes are unlikely to exceed
5 percent of the risk associated with combustible cigarettes.* These products are recognized as presenting
areduced risk because they don’t employ the traditional cigarette combustion process that releases around
7,000 chemicals, some of which are highly carcinogenic. Former FDA Commissioner Scott Gottlieb also made
reduced-risk products like e-cigarettes central to the FDA’s roadmap:

While it’s the addiction to nicotine that keeps people smoking, it’s primarily the combustion, which
releases thousands of harmful constituents into the body at dangerous levels, that kills people. This
fact represents both the biggest challenge to curtailing cigarette addiction—and also holds the seeds
of an opportunity that’s a central construct for our actions. E-cigarettes may present an important
opportunity for adult smokers to transition off combustible tobacco products.’

NICOTINE CONCENTRATION
Nicotine concentration in combustible use

Itis vital that products intended to replace combustible cigarettes are able to achieve a nicotine delivery pro-
file similar to that of combustible cigarettes.® During daily smoking, typical peak blood nicotine concentra-
tions range from 19 to 50 ng/ml, while typical trough concentrations range from 10 to 37 ng/ml; depending
on how the cigarette is smoked, each cigarette increases blood nicotine concentrations by 5 to 30 ng/ml.” By
contrast, unrestricted use of nicotine replacement therapy products generally achieves only one- to two-thirds
the blood nicotine concentration achieved from combustible cigarettes.® For an individual with high nicotine
dependence, the ability to more accurately duplicate the nicotine delivery profile of combustible cigarettes
with e-cigarettes may be what makes complete switching successful.
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E-cigarettes and nicotine concentration

If e-cigarettes are to be a viable substitute for combustible cigarettes, the nicotine concentration in e-ciga-
rettes must mimic that of combustible cigarettes.

In their article assessing nicotine absorption from e-cigarettes, Dr. Konstantinos Farsalinos et al. state that
“Nicotine delivery to the bloodstream is important in determining the addictiveness of ECs, but also their
efficacy as smoking substitutes.” They also find that e-liquids with a nicotine concentration of approximately
50 mg/ml are necessary to deliver nicotine in a similar profile to combustible cigarettes.

Farsalinos et al. found that 20 percent of e-cigarette users initiated use with e-liquids that contained nicotine
concentrations greater than 20 mg/ml and nearly a quarter used nicotine concentrations greater than 20 mg/
ml at the time they stopped using combustible cigarettes.’® These results suggest that increasing the avail-
ability of e-liquids with nicotine concentrations greater than 20 mg/ml may assist smokers who have not quit
successfully with the products currently available.*

E-CIGARETTE ADDITIVES AND “SALTS”

Defining “salts”

“Salts” refers to inactive ionized compounds that attach to a biologically active compound. Salts are used to
alter the pH of a compound to maximize solubility and absorption.

Salts are important in drug formulation because they maximize efficient delivery of active compounds to their
intended biological target and stability of the active compound.? Salts do not change the biological effects of
the active compound, but they can change the factors that enable bodies to absorb, deliver and metabolize the
active compounds. Linking an appropriate salt to an active compound can improve factors such as solubility,
stability, toxicity and poor absorption. More than half of commonly used drugs consist of pharmaceutical salts.

Salts in e-cigarettes

Due to the higher pH of freebase nicotine (i.e., molecularly unaltered nicotine) that is poorly absorbed, nico-
tine salts are used to achieve a pH closer to neutral. This allows e-liquids to contain higher nicotine con-
centrations without becoming intolerable, allowing them to more closely replicate the nicotine delivery of
combustible cigarettes.

One key aspect of the utility of e-cigarettes in transitioning away from combustible products is their ability
to closely match nicotine distribution in the body. Nicotine exists at a pH that makes this process inefficient.
However, when combined with combustion, nicotine becomes more acidic and thus better able to distribute
itself throughout the body. In an e-cigarette, a similar concentration of nicotine results in approximately 70
percent less exposure than that of combustible cigarettes.” Interestingly, as the concentration of nicotine—and
thus the pH of the solution—in e-cigarettes increases, this distribution becomes less effective.

Combined with a salt formulation, such as benzoic acid or nicotine lactate, the nicotine solution can be low-
ered to a pH that allows for better distribution at lower concentrations. Although there is no evidence that
nicotine in any currently marketed e-cigarette can reach the plasma concentrations of combustible products,
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distribution does increase to approximately 77 percent of that of combustible cigarettes at the highest con-
centrations available (5mg).**

Using nicotine salts to manufacture e-liquids also decreases the volume of e-liquid a user must inhale in order
to achieve a similar blood concentration and facilitates aerosolization at a lower temperature compared to
e-liquids made with freebase nicotine.'” The use of salts to facilitate delivery of more highly concentrated
substances is common in pharmacology, because the process often makes substances more stable, improves
absorption and allows greater purity, often making a drug compound more effective and more easily manu-
factured.'®

Nicotine concentration after switching.

Research indicates that higher nicotine concentrations help smokers make the initial switch from combus-
tible cigarettes. They can achieve nicotine delivery similar to combustible cigarettes, and the concentration
can be decreased gradually based on the user’s needs and desires."” It has been shown that nicotine concen-
trations used after complete switching from combustible cigarettes decreased compared to what was used
at initiation or complete transition.'®

USING HARM REDUCTION POLICY TO REDUCE THE DISEASE BURDEN FROM SMOKING

When considering regulations aimed at reducing the burden of smoking, we strongly urge policymakers to
consider the utility of harm reduction and reduced-risk products alongside prevention measures. It is impera-
tive that access to e-cigarettes and vapor products remains at a level that encourages, rather than discourages,
people to choose these less harmful products over combustible cigarettes. Doing so will reduce the incidence
and cost of tobacco-related disease.

CONTACT US

For more information on this subject, contact the R Street Institute, 1212 New York Ave. NW., Washington,
D.C. 20005, 202-525-5717.

Chelsea Boyd
Research Associate, Harm Reduction
cboyd@rstreet.org
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