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Introduction

An understanding of the aerosol characteristics and delivery of nicotine is important in the
continuous development of a class of products called electronic nicotine delivery systems
(ENDS) that has the potential to reduce the harm associated with tobacco use, particularly
cigarette smoking. We compared the physical characteristics (aerosol mass, particle size
distribution) and nicotine delivery of aerosols from three nebulizers, a multi-dose propellant-
free inhaler device (no nicotine) and two ENDS products — one generating aerosols
thermally and one non-thermally. Aerosols from inhalation devices, which are also
generated by non-thermal means, had lower mass deliveries compared to aerosols from
ENDS products that generate aerosols thermally. Aerosols generated by inhalation
devices also have larger particles which usually deposit in the upper airways mostly, and
deliver a lower level of nicotine compared to aerosols from ENDS.

Whilst evidence suggests that a class of tobacco products called electronic nicotine delivery
systems (ENDS) are likely to be far less harmful than conventional cigarettes,’ effort is on-
going to continue to develop devices that would offer nicotine and sensory satisfaction
comparable to that of cigarette smoking, but with reduced harm. Such devices may
facilitate transition from cigarette smoking and contribute to tobacco harm reduction.

Pharmaceutical inhalation devices have been traditionally used with success in the delivery
of drugs via the inhalation pathway. A comparison of aerosol characteristics (aerosol mass,
particle size distribution) and nicotine delivery from these two classes of inhalation products
may yield insights that inform the development of next generation ENDS.

Key Message

Conventional pharmaceutical inhalation devices deliver aerosols with supermicron particles (>1 ym) compared to the submicron particles from electronic nicotine delivery systems (ENDS).
From formulations with the same concentration of nicotine, inhalation devices deliver less nicotine in the aerosols compared to ENDS.

Methods

Four pharmaceutical inhalation devices were compared to two ENDS products Table 1.

in terms of aerosol mass, nicotine delivery, and particle size. Detailed
descriptions of the devices and formulations (aerosol precursors) being studied
are shown in Table 1. Also described Iin Table 1 are the aerosol collection
conditions.
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Devices, Formulations Studied and Aerosol Collection
Conditions

Aerosol

Al [Pl Collection

Rate (LPM)

Formulation
(% total weight)

Description

ENDS 1and ENDS 2.

LPM, litres per minute

Results

Table 2. Measured Aerosol Properties from ENDS and Inhalation

Table 2 shows a summary of data collected. Due to the varying aerosol collection
regimes used, the mass delivery and nicotine delivery of each of the devices
were normalized to unit volume and time to facilitate comparison.

ENDS 1 and Inhalation Device 3 generated the highest normalized aerosol
mass. The two ENDS products delivered higher normalized level of nicotine. The
particle size, characterized by mass median diameter (MMD), is submicron for
both ENDS products and supermicron (>1 um) for all the pharmaceutical
inhalation devices. The difference in particle size between these two classes of
inhalation products exceeds what would be expected because of the use of the
two optical devices.

ENDS 1

ENDS 2

Inhalation Device 1

Inhalation Device 2

Inhalation Device 3

Inhalation Device 4

Devices (3 replicates, mean *SD values shown)

Normalized Nicotine Normalized . .

Aerosol Mass . . .. ! Particle Size

- Mass Delivery Delivery Nicotine Delivery (MMD) (um)
a'p (mgl/ccls) (ng/puff) (ug/ccls) H
3.0+0.1 0.0167 1006 0.606 0.60+0.03
3.6£0.9 0.0033 5901220 0.536 0.87+0.03
22.0+2.1 0.0014 627148 0.041 2.40+0.05
13.4+1.5 0.0073 389160 0.212 6.20+0.52
27.0+4 .1 0.0147 749184 0.408 4.95+0.14
10.0+1.7 0.0090 N/A N/A 4.80+0.04

MMD, mass median diameter
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Discussion & Conclusion

Data from this study clearly illustrate some fundamental differences between aerosols from
conventional pharmaceutical inhalation devices and from ENDS products.

Aerosols from inhalation devices, which are generated by non-thermal means, had lower
normalized mass deliveries compared to aerosols from ENDS products that generate
aerosols thermally, i.e. ENDS 1. Aerosols generated by inhalation devices have larger
particles which usually deposit in the upper airways mostly, and deliver a lower level of
nicotine compared to aerosols from ENDS.






