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TOX/2019/72

COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD, CONSUMER PRODUCTS
AND THE ENVIRONMENT (COT)

Potential toxicological risks from electronic nicotine (and non-nicotine)
delivery systems (E(N)NDS - e-cigarettes). Follow-up from September 2019
COT meeting: updated risk assessments for nicotine exposure from
ENDS.

Issue

1. The COT has had a number of discussions on nicotine toxicity as part of this
ongoing review. The aim of this current paper is to bring the discussions to a point
where the Committee can (a) agree the risk assessment of nicotine exposure for
ENDS users and (b) decide which is the best data set to use to evaluate the risk
from exposure to nicotine from ENDS for bystanders.

Introduction

2. At the September 2019 COT meeting, the Committee discussed papers
summarising data on aspects relating to the ongoing review of the potential
toxicological risks associated with electronic nicotine delivery systems (ENDS) and
electronic non-nicotine delivery systems (ENNDS) (collectively abbreviated to
E(N)NDS). Following from discussions of TOX/2019/47 in which a health-based
guidance value (HBGV) for nicotine was proposed, further follow-up was requested
to provide separate risk assessments for nicotine exposure in ENDS users and in
bystanders. It was also requested to assess whether any literature was available on
effects of intravenous (i.v.) nicotine exposure in non-smokers. These aspects are
addressed in the present paper.

Clinical studies of acute effects of nicotine exposure in non-smokers

3. Literature searches were carried out to identify publications reporting studies
in which acute effects of nicotine exposure on the cardiovascular system or central
nervous system (CNS) were investigated in humans. The search strings are
presented at Annex A. The publications identified reported studies in which nicotine
was administered via i.v. infusion, subcutaneous (s.c.) injection, intra-nasal spray or
drops, oral gum or sublingual tablet, or transdermal patch. For the purposes of this
report, only the studies that used i.v., s.c., or intra-nasal routes are included. In
addition, one clinical study that was reported in a previous COT discussion paper on
E(N)NDS is summarised, which investigated effects of inhalation exposure to
nicotine in non-smokers (Hansson et al. 1994). Details of the study by Lindgren et al.
(1999), in which nicotine was administered i.v. to conventional cigarette (CC)
smokers (but not non-smokers), and which was used by the COT to establish an
HBGYV for nicotine exposure in smokers, are also included for reference. Study
characteristics are summarised in Table 1, below, and in the following narrative.
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Table 1. Clinical studies reporting acute cardiovascular or CNS effects of nicotine exposure in non-smokers exposed by i.v.,
s.c., intra-nasal, or inhalation routes.

Details of the study of i.v. nicotine infusion in CC smokers (Lindgren et al. 1999) used by COT to calculate an HBGV for nicotine exposure for ENDS users are
listed in row 1 for comparison.

Study Test subjects (males and Dose level (pg/kg bw), as Route, Total dose (mg/subject), as | Endpoints evaluated
females unless otherwise stated by authors, or duration of stated by authors, or
specified) [calculated for this report, exposure [calculated for this report,
assuming 70 kg bw] assuming 70 kg bw]
Lindgren | Smokers (mean, 19 CC/day) 0 i.v. infusion, [0.25] Heart rate (HR).
et al. (n=14). 35 10 min [0.5] Electroencephalogram (EEG).
(1999) 7.0 [1.0]
14.0 [2.0]
[CC 28.0
smokers
only]
Ghatan Non-smokers (n=6). 0.3 /min (non-smokers). i.v. infusion, [2.3 (non-smokers)] Plasma nicotine.
et al. Smokers (n=12). 2.0 /min for 30 min then 110 min [7.0 (smokers)] Global and regional cerebral
(1998) 0.5 /min for 80 min blood flow (CBF).
(smokers). Subjective responses.
Swan et Non-smokers. 0.5 /min (non-smokers). i.v. infusion, [1.05 (non-smokers)] HR.
al. (2007) | Smokers (19.8% of study 1.0 /min (5-15 CC/day). 30 min [2.1 (5-15 CC/day)]
population). 2.0 /min (=215 CC/day). [4.2 (=15 CC/day)]

- n=110 monozygotic
and 29 dizygotic twin

pairs
Soria et Non-smokers (n=5). [0.0] i.v. infusion, 0.0 HR, systolic blood pressure
al. (1996) | Smokers (15-40 CC/day) (n=5). | [10.7] 10s 0.75 (SBP), diastolic blood
- Mostly males. [21.4] 1.5 pressure (DBP)).

Subjective responses.
Addiction-related tests.

Foulds et | Non-smokers (n=4). 8.7 (average) s.c. injection | 0.0 Plasma nicotine.

al. (1994) 0.6 HR.

EEG.
Subjective effects.
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Study Test subjects (males and Dose level (pg/kg bw), as Route, Total dose (mg/subject), as | Endpoints evaluated
females unless otherwise stated by authors, or duration of stated by authors, or
specified) [calculated for this report, exposure [calculated for this report,
assuming 70 kg bw] assuming 70 kg bw]
Russell Non-smokers (n=6, of whom 3 | 13.25 (mean dose reported | s.c. injection | 1.0 Plasma nicotine.
etal. never-smokers). across all subjects) (except for 2 lighter-weight HR.
(1990) subjects who were given a Subjective responses.
12.23 (mean dose reported total dose of 0.75 mg per
across the subset of 3 subject)
never-smokers)
Postma Non-smokers (n=12). 0 s.C. injection | [0.0] HR.
etal. Smokers (n=12). 12 [0.84] Pre-pulse inhibition (PPI) of
(2006) Non-smokers with startle response.
schizophrenia (n=2).
Smokers with schizophrenia
(n=7).
- Males only
Ettinger Non-smokers (n=11). 0 s.c. injection | [0.0] Plasma nicotine.
et al. Smokers (5-25 CC/day) (n=13). | 12 [0.84] HR, mean arterial BP.
(2009) - Males only
Le Non-smokers (< 5 CCllifetime) | [11.4] s.c. injection | 0.0 Plasma nicotine.
Houezec | (n=12) 0.8 HR, blood pressure (BP).
et al. - Males only Subjective responses.
(1994) Information processing task.
Foulds et | Never-smokers (< 20 4.4 (average) s.c. injection | 0.0 HR, finger pulse volume
al. (1997) | CCllifetime) (n=18). 8.8 (average) 0.3 (FPV)).
Smokers (mean, 21 CC/day) 0.6 Subjective responses.
(n=18).
Perkins Never-smokers (n=18, 0 Measured- [0.0] Plasma nicotine.
etal. < 20 CCllifetime). 5 dose nasal [0.35] HR, SBP, DBP.
(1994) Smokers (n=17, = 15 CC/day 10 spray [0.7] Performance tests.
for=1vy). 20 [1.4] Cognitive tests.

Subjective responses.
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Study Test subjects (males and Dose level (pg/kg bw), as Route, Total dose (mg/subject), as | Endpoints evaluated
females unless otherwise stated by authors, or duration of stated by authors, or
specified) [calculated for this report, exposure [calculated for this report,
assuming 70 kg bw] assuming 70 kg bw]
Perkins Never smokers (n=37). 0 Measured- [0.0] HR, SBP, DBP.
etal. Smokers (n=55). 10 dose nasal [0.7] Subjective responses.
(2000) 20 spray [1.4] - Outcomes were
evaluated in
correlation with
personality-type
testing (sensation-
seeking scale).
Perkins Never smokers (n=19). 0 Measured- [0.0] HR, SBP, DBP, finger
etal. Ex-smokers (n=17). 10 dose nasal [0.7] temperature.
(2001) Current non-dependent 20 spray [1.4] Performance tests.
smokers (mean 3 CC/day) Subjective responses.
(n=12). - Outcomes were
Current dependent smokers evaluated for effects
(mean 21 CC/day) (n=45). of tolerance.
Perkins Young adult non-smokers with | O Measured- [0.0] Cardiovascular outcomes.
et al. between 1 and 10 lifetime 10 dose nasal [0.7] Subjective responses.
(2008a) smoking exposures (n=58). spray - Outcomes were

evaluated for
correlation with early
smoking experience
(ESE) responses
(questionnaire) and
for effects of
reinforcement.
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Study Test subjects (males and Dose level (pg/kg bw), as Route, Total dose (mg/subject), as | Endpoints evaluated
females unless otherwise stated by authors, or duration of stated by authors, or
specified) [calculated for this report, exposure [calculated for this report,
assuming 70 kg bw] assuming 70 kg bw]
Perkins Young adult non-smokers (10 | O Measured- [0.0] Cardiovascular responses.
etal. lifetime smoking exposures). 5 dose nasal [0.35] Salivary cortisol concentration.
(2008hb) 10 spray [0.7] Sensory processing and
performance tasks,
Subjective responses.

- Outcomes were
evaluated for
correlation with factors
including genotypes
and gender.

Myers et | Non-smokers (< 10 CC ever) [0] Measured- 0.0 HR, BP.
al. (2013) | (n=25). [7] dose nasal 0.5 Subjective responses.
Smokers (mean, 21 CC/day, [21] spray 15 Executive attention and
15.8 y) (n=30). alerting attention.
West and | Non-smokers, mostly male [0] Nicotine 0 (‘pepper’ solution) Performance tests.
Jarvis (n=1-8). [2.1] nasal 0.15
(1986) [29] solution 2,4
[57] (NNS) (liquid
droplet in the
nose)
Hansson | Non-smokers (n=15 subjects [0-9.1 nicotine hydrogen Single-breath | 0-0.64 nicotine hydrogen Electrocardiogram (ECG), HR,
etal. with positive cough response to | tartrate] inhalation tartrate SBP, DBP.
(1994) capsaicin (respiratory tests); Cough response (Cz, Cs).

subset of n=5 (cardiovascular
parameters)).

Respiratory resistance (RR).
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Intravenous infusion

4. Lindgren et al. (1999)* (see TOX/2019/47) conducted a single-blind,
placebo-controlled crossover study with the aim to establish a dose-response
relationship between nicotine and quantitative electroencephalogram (EEG)
measures in 14 CC smokers (average 19 CC/day). Subjects abstained from
nicotine for = 12 h before test sessions, confirmed by plasma nicotine level

<4.0 ng/mL. Caffeine was excluded from the diet. Nicotine was administered
during separate test sessions, at doses of 0, 3.5, 7.0, 14.0, and 28.0 pg/kg bw by
i.v. infusion over a 10-min period. Heart rate (HR) and EEG (6 segments) were
recorded and auditory oddball task analyses (for analysis of event-related
potentials) were conducted at baseline (prior to i.v. infusion) and at intervals
through to 130 min after the start of i.v. infusion. Venous blood samples were
also taken at intervals during this time period. Analyses were based on repeated
measures ANOVA (5 nicotine doses X 11 time points X 4 quadrants for
guantitative EEG, 5 nicotine doses X 7 time points for data from the oddball task,
5 nicotine doses X 11 time points for plasma nicotine and heart rate).

5. Plasma nicotine concentrations increased in a time- and dose-dependent
manner. Nicotine infusions were associated with increased HR in a dose- and
time-dependent manner. Authors described the HR acceleration as ‘pronounced’
after infusion of the 14.0 and 28.0 pg/kg nicotine doses. For EEG evaluations,
linear, dose-related decreases of delta and theta power were recorded,
consistent with increased arousal. A significant effect of higher nicotine doses to
decrease theta power was noted. The nicotine X time point interaction was
significant for theta power, due to pronounced power decreases during infusion
of the higher doses of nicotine. Nicotine increased alpha2 power and alpha peak
frequency in a significant, linear dose-response pattern, with a significant nicotine
X time point interaction. There were no significant changes in alphal, beta, and
auditory oddball P300 parameters, except for a significant interaction of nicotine
X time point for beta power. Authors concluded that the arousing effect
associated with nicotine infusion was marked in delta and theta bands, with a
somewhat weaker relationship with alphaz. As no non-smoking controls were
included in the study, it could not be established whether the arousal effect
observed was a reversal of abstinence-related sedation or an ‘absolute’ arousal
increase.

6. Ghatan et al. (1998) assessed the effects of nicotine on regional cerebral
blood flow (rCBF) in a group of 6 non-smokers and 12 smokers (> 20 CC/day).
Test subjects were allocated to one of three groups. Group A (n=8 smokers)
abstained from nicotine overnight. Four underwent abstinence then received an
i.v. nicotine infusion (Group A.1, n=4) and four received an i.v. nicotine infusion
then abstained from smoking. (Group A.2, n=4)2. All eight underwent 12 PET
scans during abstinence or infusion. Nicotine was administered at

1 This study was conducted in CC smokers only. The details are included for comparative purposes.
2 Plasma nicotine returned to basal levels in between the nicotine infusion and abstinence test
periods.
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2.0 pg/kg bw/min for 30 min, followed by 0.5 pg/kg bw/min for approximately

80 min, with the dosing regime designed to avoid nausea or discomfort. For each
set of 12 PET scans, participants performed a psychometric task (computerised
maze test) during 6 scans, and a sham test during the other 6 scans. For
non-smokers (Group B), nicotine was infused at 0.3 pg/kg bw/min during 6 PET
scans, after which the infusion was changed to saline during the subsequent

6 scans (participant blinded). The Group B non-smokers performed the maze test
during all 12 scans. Plasma nicotine levels were included in statistical analyses
for Group B. Subjective responses (visual analogue scale (VAS) for mood and
possible aversive affects of nicotine) were also collected. Group C comprised a
group of 4 smokers who were evaluated for arterial and jugular venous blood
oxygenation during nicotine abstinence and then infusion, in order to evaluate
global cerebral blood flow and oxygen consumption (dosing as Group A).

7. Mean plasma nicotine concentrations in Groups A and C were around

6 ng/mL on the study day during abstinence study periods, and 25-28 ng/mL
during nicotine infusions. Nicotine was not detected at baseline in plasma of
group B, while the peak levels reached during infusion were approximately one-
third of those observed in Group A. There were no significant differences in maze
test score between nicotine-free and nicotine-infusion conditions in Group A or
Group B. Global cerebral blood flow and cerebral oxygen uptake, measured in
Group C, did not change significantly from before to after nicotine infusion.
However, nicotine elicited rCBF changes that were similar in magnitude in
smokers and non-smokers, with decreases in the anterior cingulate cortex and
the cerebellum, and concomitant increases in the occipital cortex. The authors
considered that these regional changes were induced in areas pertaining to the
regulation of mood and attention and to the higher order visual cortex.

8. Swan et al. (2007) monitored heart rate (HR) response during i.v. infusion
of nicotine in a study of twin-pairs. The study population comprised 110 mono-
zygotic and 29 dizygotic twin-pairs, of whom 19.8% overall were CC smokers
and the rest were non-smokers. Prior to tests, participants abstained from alcohol
and recreational drugs for one week and fasted and refrained from tobacco use
overnight. Deuterium-labelled nicotine was infused i.v. over a period of 30 min,
with dosing based on estimated smoking status: 0.5 pg/kg bw/min for estimated
0-5 CC/day, 1.0 pg/kg bw/min for 5-15 CC/day, or 2.0 pug/kg bw/min for

= 15 CC/day. Each twin-pair received the same dose, based on the lower
baseline plasma cotinine reading of the two. HR was monitored at baseline,
during infusion, and over the 30 min post infusion. Over the 60-min time-course,
in all treatment groups, HR increased significantly over time during the infusion to
a maximum of +13 beats per minute (bpm) over baseline at 30 min, then
decreased post infusion to +4.9 bpm over baseline. There was no significant
effect of nicotine dose. Change in HR over the 60-min time-course was
associated with smoking status, with percent HR change being higher in smokers
compared with non-smokers, and with a significant difference remaining after
adjustment for plasma nicotine concentration. Post treatment, non-smokers had
a significantly more rapid decline in HR compared with smokers.
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9. Soria et al. (1996) investigated effects of acute i.v. nicotine administration
in CC smokers (15-40 CC/day) in comparison with non-smokers (n=5/group).
Participants abstained from smoking and caffeine for 12 h and from alcohol for
24 h prior to each study day, one-week apart. Test doses of 0.0, 0.75, or 1.5 mg
nicotine base were infused i.v. in 1 mL saline over a period of 10 s. Nicotine
doses were given in increasing order, with the saline-only treatment randomly
placed in the sequence. The protocol was double blind, and tests were repeated
on three separate days. Systolic blood pressure (SBP), diastolic blood pressure
(DBP) and HR were measured from 60 min prior to dosing through to 30 min
afterwards. Subjective response questionnaires were also administered including
guestions relating to perceived drug strength, good effects, bad effects, liking and
disliking (VAS), and negative aspects such as confusion, fatigue, tension and
anger (Profile of Mood States, POMS). Three Addiction Research Centre
Inventory (ARCI) tests were applied: Morphine Benzedrine Group (MBG) for
positive subjective effects; Pentobarbital Chlorpromazine Alcohol Group (PCAG)
for fatigue and sedation; and LSD Group for disorientation and weird feelings.
Subjects were also requested to respond once per minute to rate the perceived
drug effect strength (0—4). Group differences were determined by 3-way analysis
of variance (ANOVA), with Dose and Group as the factors and Time as the
repeated measure.

10.  For cardiovascular parameters, there were no significant main effects of
dose and no group X dose interactions, which the authors considered may be
due to small sample size. Smokers and non-smokers showed increased HR and
BP 1-5 min after injection of nicotine, but not saline. For HR, the dose X time
interaction was significant, with both nicotine doses causing significant increases
from 1 min to 15 min post injection compared with saline. The group X time
interaction was also significant, with a greater difference between HR at peak
compared with later times in non-smokers than in smokers. For SBP, there was
no significant main effect or interaction involving dose, but there was an increase
during the first 3 min after nicotine but not saline injection in both smokers and
non-smokers. There was a significant main effect of time, with highest SBP in
smokers and non-smokers measured within 3 min of nicotine injection. DBP
levels were higher in smokers than non-smokers (significant main effect of group,
irrespective of nicotine treatment). There was a significant nicotine dose X time
interaction in smokers and in non-smokers, with increases during the first 3 min
after injection compared with baseline, and values then returning towards
baseline.

11. For the other measurements: VAS showed significant main effects for
dose and time, and for dose X time and group X time interactions (due to ‘good’
effects reported by smokers); significant main effects of group were found for
MBG scale (positive feelings; higher scoring by smokers) and LSD scale
(disorientation; higher scoring by non-smokers). Beep response to drug effect
indicated significantly stronger effects in smokers and non-smokers with nicotine
injections compared with saline, and with strongest effects at 1-5 min post
injection.



This is a preliminary paper for discussion. It does not represent the views of the Committee and must
not be quoted, cited or reproduced.

Subcutaneous injection

12. Foulds et al. (1994) investigated effects of s.c. nicotine administration on
plasma nicotine concentration, HR, and electroencephalogram (EEG) in four non-
smokers (3 never smokers, 1 ex-smoker). On each of two tests days, one week
apart, subjects received two injections, at a 40-min interval, of either saline or 0.6 mg
nicotine in saline, in a double-blind crossover design with the dose order
counter-balanced. The average nicotine dose per injection was reported as

8.7 ug/kg bw. Subjects abstained from alcohol (24 h), caffeine (3 h), and food (2 h)
prior to tests. Blood sampling, HR, and EEG measurements were made before and
during the 40 min after each injection. Subjective effects were also recorded.

13. Plasma nicotine peaked at 10 min after nicotine injection, increasing from a
baseline average of 0.2 ng/mL to 5.3 ng/mL at 10 min after injection 1, and

8.3 ng/mL at 10 min after injection 2, and reaching a trough value of 2.9 ng/mL just
before injection 2. The saline injection did not alter plasma nicotine concentration.
HR increased after placebo and nicotine injections. After the first and second
nicotine injections, the absolute increases were 14 and 13 bpm, respectively, and the
increases over placebo were 8.1 and 7.8 bpm. In parallel with the plasma nicotine
peak, HR peaked at 10 min post injection. For EEG, nicotine had no effect on theta,
alpha, or beta power, but increased the mean dominant alpha frequency in
correlation with plasma nicotine concentration. Three subjects noted dizziness and
one subject reported nausea after treatment with the first nicotine injection, as
compared with placebo. Authors concluded that one 0.6 mg s.c. injection of nicotine
was sufficient to produce changes in plasma nicotine, subjective effects, HR, and
dominant alpha frequency in non-smokers. The dose was considered to represent
approximately one-half of the plasma nicotine boost obtained by smoking one CC.
The effect of nicotine to increase dominant alpha frequency on EEG in non-smokers
indicated that this was a primary stimulant effect, suggesting that similar findings in
studies of CC smokers may also be due to primary effects of nicotine rather than to
reversal of withdrawal.

14. Russell et al. (1990) evaluated effects of s.c. nicotine injection on HR and
plasma nicotine concentration in six non-smokers (of whom three were never-
smokers). The injected dose of nicotine base was either 0.75 or 1.0 mg, depending
on body weight (reported as equivalent to an average dose of 13.25 pg/kg bw). HR
and plasma nicotine were monitored at baseline and for 60 min post injection.
Plasma nicotine peaked at 15 min post injection at an average of 8.5 ng/mL

(0.5 ng/mL at baseline; approximately 4 ng/mL at 60 min). HR peaked at 10 min post
injection, with an average boost of +11 bpm, and then declined to around baseline
by 45-60 min. Five subjects reported subjective effects, including light-headedness
and mild dizziness, between around 5 to 20 min post injection. One subject
(never-smoker) reported nausea. A hysteresis plot of HR vs. plasma nicotine for the
three never-smoker participants showed concentration-effect relationship shifted to
the right (HR began to decrease before plasma nicotine peaked), which the authors
considered to indicate the development of acute, partial tolerance to nicotine effects
on HR.
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15. A study by Postma et al. (2006) investigated the effects of nicotine
administration to modify neural pre-pulse inhibition in schizophrenic and
non-schizophrenic smokers and non-smokers. Pre-pulse inhibition is a phenomenon
whereby reflex response to a startling stimulus is dampened by pre-exposure to a
weaker pre-stimulus. The effect is time dependent, with maximum effects generally
observed using pre-pulse stimuli up to 120 ms prior to the startle, while longer pre-
pulse intervals are, conversely, associated with increased startle response. The test
is usually carried out using acoustic stimuli, but this study by Postma and colleagues
used tactile stimuli (air puffs directed onto the neck). In total, 22 non-schizophrenic
(12 non-smokers, 12 smokers) and 9 schizophrenic (2 non-smokers, 7 smokers)
subjects underwent the tests®. Participants abstained from alcohol (24 h) and
smoking (12 h) prior to the two testing sessions, which were performed double blind,
at a 14-day interval. During session 1, participants received an s.c. injection of

12 pg/kg bw nicotine base, and at session 2, a placebo injection (saline). Startle
testing commenced 10 min post injection. Responses were detected by
electromyographic (EMG) recording of eye-blink response. Tests were performed
using pre-pulse times (‘stimulus onset asynchrony’, SOA) of 30, 60, and 120 ms prior
to pulse, and also without a pre-pulse. PPl was calculated as percentage amplitude
response in comparison with pulse-only trials.

16.  Effects of nicotine on HR during the procedure were assessed via a 2x3x2
ANOVA [drug X occasion (before injection, 9 min after injection, post PPI testing) X
smoking status]. A significant interaction between occasion and drug was
determined, and post hoc analysis indicated that this reflected a significantly
increased HR at 9 min post injection. Effect of nicotine on PPI was evaluated by
2x3x2x2 ANOVA [drug X trial type (-30, -60, -120 ms SOA) x group x smoking
status]. Analysis showed main effects of trial type and drug, and a three-way
interaction of drug X trial type X group. Further analysis showed that nicotine
significantly enhanced PPI at all three SOAs in non-schizophrenic participants, but
only at 30 ms in schizophrenic participants. Results indicated an enhancing effect of
nicotine on PPI in both groups of participants. Effects of nicotine on latency to
response peak were analysed 2x4x2x2 [drug X trial type (-30, -60, -120 ms SOA; no
pre-pulse) X group X smoking status], showing a significant main effect of trial type,
with shorter latencies in pre-pulse+pulse than pulse-only trials. Further testing of a
subset of schizophrenic and non-schizophrenic participants (all smokers) in which
functional magnetic resonance imaging (fMRI) was performed during the PPI test
paradigm provided indication of increased activation of limbic regions and striatum in
both groups after nicotine administration, related to increased hippocampal activity.
Authors concluded that nicotine enhances tactile PPI in non-schizophrenic and
schizophrenic subjects, with preliminary indications that this effect is modulated by
increased limbic activity.

17.  Ettinger et al. (2009) carried out a randomised, double-blind, crossover-design
study to evaluate the effect of nicotine on antisacchades and prosacchades

3 Selected from an initial cohort of 40 non-schizophrenic and 14 schizophrenic subjects, of whom 16
and 5, respectively, were excluded as they did not present startle responses at initial testing.
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responses. Participants, all of whom were male, included 11 non-smokers and

13 smokers (5-25 CC/day). Placebo (saline) or nicotine (12 pg/kg bw base)
treatments were given by s.c. injection in random order, one week apart. Participants
were abstinent from smoking for 2 h prior to tests. Eye movement parameters were
tracked by fMRI imaging whilst conducting a set of antisacchade and prosacchade
tasks (visual tasks based on either looking away from or following a coloured dot on
a computer screen, with a duration of approximately 8+8 min for each
antisacchade+prosacchade task-suite). Procedures were conducted both pre- and
post-injection. There was no difference between non-smokers and smokers in task
performance levels during practice tasks.

18. Plasma nicotine concentrations prior to and during procedures were
measured in a subset of participants, reported descriptively. Levels were higher
overall in smokers than in non-smokers, with a greater magnitude of increase on
nicotine injection, compared with placebo and over time, in non-smokers than in
smokers. Overall, mean arterial BP showed a main effect of group (higher in
smokers compared with non-smokers), but with no effect of drug, time, or drug X
time. HR showed a significant effect of drug X time, with a significant decrease after
placebo injection and non-significant increase after nicotine injection. No other
significant main or interaction effects were noted for HR.

19.  Analysis of nicotine on sacchadic variables was carried out by 2x2x2 repeat-
measures ANOVA [time (pre-, post-injection) X drug X group]. For antisacchade
latency, a drug X time interaction was noted (faster latency pre- to post-nicotine
injection) and there was a main effect of group (faster latency in smokers compared
with non-smokers). For prosacchade latency there was a drug X group interaction
(indicating faster latency in smokers and slower latency in non-smokers after nicotine
compared with placebo injection), but without significant difference between nicotine
and placebo in either group. Further, detailed studies at the level of brain function
were then performed, with differences between non-smokers and smokers, and
within-group heterogeneity, noted.

20. Le Houezec et al. (1994) investigated whether a low-dose s.c. nicotine
injection would affect information-processing capability in a group of male
non-smokers. Twelve participants (<5 CCl/lifetime) underwent three test sessions on
separate days, including control (no treatment) [session 1], s.c. injection of saline or
0.8 mg nicotine in saline [sessions 2 and 3, double blind and counter-balanced].
Performance effects, plasma nicotine and cotinine, cardiovascular changes, and
subjective responses were monitored during session 1, and then before and after
injections during sessions 2 and 3. Average peak plasma nicotine concentration on
nicotine injection was 2.9 ng/mL. HR increased significantly post- compared with
pre- nicotine injection, with effects lasting for the whole test session (1 h). A
significant drug X time interaction was noted for both overall drug conditions and for
nicotine compared with saline. Information processing tests showed significant
changes in responses associated with nicotine compared with saline and nicotine
compared with control. No subjective effects were reported other than clear
identification of ‘drug strength’ for nicotine treatment compared with saline. Authors

11
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concluded that low doses of s.c. nicotine directly affect attention or stimulus
processing components of information processing.

21. Foulds et al. (1997) reported a randomised, placebo-controlled, crossover
study to evaluate physiological and subjective responses to nicotine in non-smokers
compared with smokers. Participants were never-smokers (<20 CC equivalents/
lifetime) (n=18) and smokers (=15 CC/day for 22 y) (n=18). They attended four test
days in total, spaced at one-week intervals: one pre-testing evaluation (session 1),
then three sessions of test injections (sessions 2-4), for which the order of tests was
counter-balanced. At each of sessions 2-4, two s.c. injections of either saline,

0.3 mg, or 0.6 mg nicotine were given, at a 40-min interval. Average nicotine doses
per injection were reported as 4.4 and 8.8 ug/kg bw, and were considered to
represent the nicotine dose from smoking one-half or one CC, respectively.
Participants abstained from nicotine and alcohol (24 h) and caffeine (2 h) prior to
sessions 2-4. Tobacco-withdrawal symptoms (adverse nicotine symptoms score,
dysphoria score, hunger, arm pain, craving for a cigarette), mood state (alertness,
contentedness, calmness), HR, finger-pulse volume (FPV) and skin conductance
level (SCL) were recorded. Statistical tests were made for each nicotine dose
compared with saline, and analysis of covariance (ANCOVA) was used to compare
nicotine effect between non-smokers and smokers.

22. At session 1, no differences were determined between never-smokers and
smokers for mood measures, HR, FPV, or SCL.

23.  For smokers, at sessions 2-4, compared with session 1, deterioration in mood
and decreased HR were noted prior to injection (i.e. after 24 h smoking abstinence).
Nicotine injection did not statistically alter mood score, but, at both nicotine doses,
was associated with a significant increase in adverse symptoms, arm pain and
cigarette craving. Compared with saline, both the 0.3 mg and 0.6 mg nicotine
injection led to significantly increased HR (+4.3 and +7.8 bpm, respectively) and
reduced FPV.

24.  For never-smokers, compared with saline, 0.6 mg but not 0.3 mg nicotine was
associated with significantly decreased mood and increased adverse nicotine
symptoms, dysphoria and arm pain. Compared with saline, both 0.3 mg and 0.6 mg
nicotine led to significantly increased HR (+2.8 and +7.3 bpm, respectively), and
reduced FPV. Mean HR peaked at 12.5 min post injection. Nicotine (both doses) was
also associated with a significant decrease in FPV, while SCL was unaffected. Two
male never-smokers had to discontinue participation briefly after the second 0.6 mg
nicotine injection due to excessive dizziness, nausea and, in one case, vomiting.

25. Comparing effects in never-smokers and smokers, there were significantly
greater effects of 0.6 mg nicotine on mood score (reduced alertness) and increased
adverse nicotine symptoms in never-smokers compared with smokers, while no
differences between the two groups for these effects were noted at the 0.3 mg
nicotine dose. However, comparison of changes in physiological measures between
the two groups was not reported.
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Intra-nasal administration

26.  Perkins et al. (1994) investigated differences in subjective, behavioural
performance, and cardiovascular responses to a range of nicotine doses as a
function of CC smoking status and of the amount of immediately preceding nicotine
exposure. Never-smokers (n=18, < 20 CC/lifetime) and CC smokers (n=17,

= 15 CC/day for 2 1 y) participated in five test sessions, with abstinence from CC
smoking, caffeine, and food overnight before each test day. The protocol was double
blind. To evaluate chronic tolerance to nicotine in smokers compared with
non-smokers, exposure to the test nicotine dose (either 0, 5, 10, or 20 ug/kg bw) was
administered by measured-dose nasal spray once every 30 min for 2 h. The doses
were considered to be similar to the range of nicotine absorbed by smokers after
smoking CC. Doses were presented on separate days and the order of dosing was
counter-balanced. Subjective (POMS, VAS) and cardiovascular (HR, SBP, DBP)
tests were performed 3-7 min after dosing, after which behavioural (finger-tapping
speed, hand steadiness, hand tremor) and cognitive (memory recognition, Stroop
test?) tests were carried out during the next 10 min. Plasma nicotine levels were
measured in a subset of participants (n=4/sex/group) at baseline and 5 min and

15 min after dosing. In addition to the four trials, to evaluate the potential
development of acute tolerance to nicotine during test doses 1-4, during each test
suite a fifth trial dose of 20 pug/kg bw was given 30 min after dose 4. Data were
analysed by 2x3 mixed ANOVA, each with two between-subject factors (smoking
status, gender) and one within-subjects factor (nicotine dose). There were no
significant effects of gender, thus results were presented collapsing across females
and males for each smoking status group.

27. Plasma nicotine showed a dose-dependent, linear increase®. Levels were
reported as “reliably reduced by 30% in smokers compared with non-smokers”
(p<0.001). The authors considered this to reflect faster nicotine clearance in
non-smokers, thus ANOVA results were supplemented with regression analyses to
include plasma nicotine as an independent measure. Mean baseline HR and DBP
were significantly lower in smokers (61.5 bpm, 65.3 mm Hg) compared with
non-smokers (70.9 bpm,70.1 mm Hg), which was considered to be consistent with
previous reports of acute tobacco abstinence. Significant, dose-dependent effects of
nicotine on HR, SBP, and DBP were observed, but there was no significant
interaction of dose X smoking status. However, regression analysis with plasma
nicotine as an independent variable showed a significant interaction of plasma
nicotine X smoking status on HR response (smaller effect in smokers compared with
non-smokers).

28.  For measures of chronic nicotine tolerance (4 x dose tests), significant main
effects of nicotine were observed for VAS (head rush, jittery, relaxed) and POMS
(tension, confusion, fatigue). Dose effects were shifted to the right and dampened for

4 Speed of keystroke response to symbols or numbers presented on a video monitor.

5 Plasma nicotine concentrations were not reported, but appear from Fig.1 of the publication to range
from approximately 1-9 ng/mL (non-smokers) and 2-12 ng/mL (smokers) over the 0-20 pg/kg bw
nicotine dose-range (probably within 5-15 min post-dosing, although this is not clear from the report).
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smokers, indicating chronic tolerance. Significant dose X smoking status interactions
were observed for all aversive measures (but not for VAS relaxed), indicating
tolerance in smokers to aversive effects of nicotine. Conversely, smokers showed
greater responses in POMS measures (vigour and arousal). Multiple regression
analyses with plasma nicotine as an independent variable indicated an interaction
between smoking status and plasma nicotine for most measures, indicating chronic
tolerance. In behaviour and cognitive tasks, nicotine generally increased the rate of
voluntary (finger tapping, Stroop speed) and involuntary (hand steadiness, tremor)
motor movement. Nicotine increased finger tapping in a U-shaped curve, shifted to
the right in smokers. There were differences in outcomes for hand steadiness and
hand tremor, with the former being equally impaired in smokers and non-smokers,
while the latter was reduced in smokers compared with non-smokers. Nicotine
improved memory performance in a U-shaped curve, which was shifted to the right in
smokers. Regression analyses indicated significant interaction of

smoking status X plasma nicotine on tremor amplitude and memory accuracy.

29.  Acute tolerance (20 pg/kg bw, 5" dose-challenge test) was observed for
effects of nicotine on HR, with response significantly smaller after 4x nicotine
compared with placebo pre-challenge. Pre-challenge dose X smoking status
interaction was not significant. However, a significant effect of acute tolerance was
observed in smokers at all doses compared with placebo, whereas this was not the
case for non-smokers. There were no significant effects of acute tolerance from
nicotine pre-challenge on BP.

30. Perkins et al. (2000) looked at subjective and cardiovascular responses to
nicotine in never-smokers (n=37, mean 8.3 tobacco use/lifetime) and smokers
(n=55), with the aim to evaluate potential links with ‘sensation seeking scale’ (SSS)
(personality profiling). Participants abstained from smoking overnight before each
test session. On each of three test days, the test dose of nicotine (0, 10, or

20 pg/kg bw) was administered three times (once per 30 min over 90 min) via
measured-dose nasal spray. The order of the doses was counter-balanced.
Cardiovascular parameters (HR, SBP, DBP) were measured during 3-7 min after
administration. Subjective responses (POMS, VAS) were then assessed. Flattened
dose-response curves were noted for subjective responses in smokers compared
with non-smokers. Some SSS sub-scales, for example ‘experience seeking and
disinhibition’ were correlated with subjective responses to nicotine in non-smokers
but not in smokers, which the authors considered may be an indication that
sensation seeking is associated with greater initial sensitivity to nicotine subjective
effects in nicotine-naive subjects. There were no group differences in cardiovascular
measures.

31. A subsequent study looked at association of chronic tolerance to nicotine with
tobacco dependence (Perkins et al. 2001). In this study, participants were attributed
to one of four groups: never-smokers (n=19), former dependent smokers (mean of
25 CC for 19y, then 7 y quit, n=17), current non-dependent smokers (mean of

3 CCl/day for 14 y, n=12), and current dependent smokers (mean of 21 CC/day for
20y, n=45). Nicotine was administered by measured-dose nasal spray. As with
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previous studies, analyses of group differences used plasma nicotine as a covariate
to correct for differences in nicotine exposure related to dispositional tolerance
(difference in drug kinetics). Doses of 0, 10, and 20 pg/kg bw nicotine were tested
over three sessions using the same protocol as described by Perkins et al. (2000)
(paragraph 30, above). Cardiovascular measures (HR, SBP, DBP, finger skin
temperature), subjective responses (VAS, POMS), and performance measures
(finger-tapping speed, memory recognition, hand steadiness, rapid information
processing) were assessed after each nicotine administration.

32. HR, SBP, and DPB increased significantly with nicotine dose, but there were
no effects on skin temperature®. There were no significant interactions of group by
nicotine dose. Significant group X nicotine dose interactions were noted for nine of
fifteen subjective effects. Dependent smokers and non-dependent smokers were
tolerant to all nine effects, with no differences between the two groups. Ex-smokers
were less tolerant (greater responses than current smokers), and never-smokers
showed lower tolerance than ex-smokers. For some performance tests, tolerance
was seen in dependent smokers but not other groups. Authors considered the
findings of equivalent tolerance to subjective effects in dependent and
non-dependent smokers to indicate that there is no close link between nicotine
tolerance and dependence, thus raising a question as to the utility of tolerance as a
criterion for defining dependence.

33. In another study, Perkins et al. (2008a) looked at associations of early
smoking experiences (ESE) with subsequent sensitivity of responses to nicotine
challenge in a group of 58 young adult non-smokers. Questionnaires were
administered to collect data on responses to ESE, then prospective tests were
carried out to assess ‘nicotine spray effects’ (NSE), including cardiovascular
responses and subjective effects (VAS). On the first two test days, nicotine was
administered by measured-dose nasal spray at 0 or 10 pg/kg bw, with protocols
similar to previous studies by Perkins and colleagues, as described in the preceding
paragraphs. Two of six subjective measures reported on ESE were correlated with
greater responses in NSE tests (‘dizzy’ and ‘buzzed’). Cardiovascular outcomes
were not related to ESE responses, other than a significant association of ESE
nausea with higher DBP response to nicotine challenge.

34. On the third test day, participants undertook reinforcement tests. They first
underwent nicotine self-dosing choice sessions, in which they were pre-exposed to
colour-coded nicotine and placebo sprays (but blinded to nicotine content) and then
given four sessions where they could choose to self-administer any combination of
eight sprays from the two colour choices. Nicotine was chosen less than 50% of the
time, and reinforcement was not found to be associated with ESE measures in this
group of non-smokers.

35. Perkins et al. (2008b) investigated the influence of genetic variation on
responses to nicotine exposure in young adult non-smokers. Participants (n=101,

6 Results were not presented for skin temperature.
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<10 lifetime tobacco exposures) were administered nicotine by measured-dose nasal
spray at doses of 0, 5, and 10 pg/kg bw’ as follows: one dose-level tested per study
day, administered 3x (every 30 min over 90 min). Each individual dose was given as
eight sprays over a 2-min period (two per 30 s). Mean plasma nicotine after the 5
and 10 pg/kg bw dosing was 2.3 and 3.4 ng/mL, respectively. The order of doses
was counter-balanced. After each test dose, subjects were tested for subjective
responses (‘Positive And Negative Affect Scale’ (PANAS), POMS, VAS),
cardiovascular responses (HR, SBP, DBP), sensory processing (startle tests), and
performance measures (finger-tapping speed, hand steadiness, rapid information
processing, memory recall). Salivary cortisol levels were also measured. A choice
session was also carried out, similar to that described in Perkins et al. (2008a)
(paragraph 34, above). Subjects were genotyped for SNPs at six loci relating to
signalling pathways in the CNS. Differences in responses were analysed by analysis
of covariance (ANCOVA).

36. There were no significant effects of gene X dose or of gene X dose X sex for
cardiovascular responses to nicotine. An interaction of dopamine D4 receptor
(DRD4) allele X dose was seen for changes in salivary cortisol concentration. DRD4
was also associated with greater aversive responses to nicotine and reduced
nicotine choice. Some between-gender differences were observed in dopamine
receptor allele-associated responses (DRD4 and DRD2). Authors commented that
these preliminary results suggest that polymorphisms related to function in the
dopamine D4 and perhaps D2 receptor may modulate initial sensitivity to nicotine
prior to onset of dependence and may do so differentially between men and women.

37. Myers et al. (2013) investigated acute effects of nicotine nasal spray in
non-smokers (n=25, < 10 CC/lifetime) and smokers (mean 21 CC/day for 15.8 y)
(n=30). Nicotine doses of 0, 0.5, and 1.5 mg were tested in randomised order, on
different days. Participants abstained from alcohol and ‘other drugs’ for 24 h prior to
test days, but not from caffeine, nicotine, or prescription drugs. Prior to and post
dosing the following evaluations were performed: cardiovascular effects (HR, BP);
subjective responses; executive attention tests; alerting attention tests. Nicotine was
reported to significantly increase BP in non-smokers and smokers at 5 min post
dosing, and to produce a dose-related increase in HR. There was no difference in
the magnitude of cardiovascular effects between non-smokers and smokers?.
Nicotine enhanced alerting attention in non-smokers and in smokers, but did not
affect executive attention. Nicotine dosing was significantly associated with several
subjective effects (VAS) including stimulation, jittery, and dizzy. Post hoc tests
indicated effects were observed primarily in non-smokers, although the highest
nicotine dose was also associated with dizziness in smokers. Nicotine was
significantly associated with ‘liking’ in non-smokers. Authors concluded that acute
administration of intra-nasal nicotine improved alerting attention in non-smokers and

7The 5 and 10 ug/kg bw doses were considered to represent smoking approximately one-quarter and
one-half of a CC, respectively.
8 Results were not presented.
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smokers, and commented that cognitive enhancement might be one reason why
people decide to take up smoking.

38.  West and Jarvis (1986) studied the acute effects of nicotine applied intra-
nasally on finger tapping rate. Five sets of tests were performed in small groups of
non-smoking adults (mostly males). Nicotine was administered as a single drop in
the nose (‘nasal nicotine solution’, NNS), associated with peak plasma concentration
at 7-10 min post dosing. Tests were mostly conducted in a randomised and
double-blind manner.

39. In experiment 1 (n=8 subjects), administration of 4 mg NNS led to a significant
4.2% increase in finger-tapping rate at 10 min after, as compared with 10 min before,
dosing. There was no significant effect of placebo treatment (a ‘pepper’ solution)
(0.7% increase). Experiment 2 tested two NNS doses, 2 mg and 0.15 mg, as well as
placebo (n=8 subjects). The 2 mg dose was associated with significantly increased
(5%) finger-tapping rate compared with pre-dosing. No effects were noted with

0.15 mg NNS or placebo. In experiment 3 (n=5 subjects), two sets of tests were
carried out; before and 2 h after administration of mecamylamine (a central
cholinergic blocking agent) or placebo (there was no placebo control for NNS
treatment in these tests). NNS increased finger-tapping rate in all cases. There was
no significant difference in NNS-related increase in finger-tapping rate between pre-
and post-treatment with placebo. However, the increase in finger-tapping rate was
significantly lower post- compared with pre-mecamylamine treatment. In experiment
4, one test subject performed the finger-tapping test repeatedly at short intervals
over 60 min after administration of 2 mg NNS, and, on a different day, after
administration of placebo. Finger-tapping rate increased after NNS treatment,
remained elevated until 30 min post treatment then declined to a rate that was still
above baseline at 1 h. No effects were noted with placebo treatment. Finally,
experiment 5 tested potential acute tolerance to effects of NNS to increase finger-
tapping rate. Two subjects performed finger-tapping tests before and after
administration of 2 mg NNS, with the dosing/testing schedule repeated seven times,
once per hour. NNS increased finger-tapping rate in all cases, with no difference in
effect seen over time, suggesting no development of acute tolerance to NNS
treatment. Authors concluded that NNS provides an effective means of delivering
nicotine in sufficient amounts to produce strong and consistent effects on a simple
motor task, and that nicotine can substantially improve performance by non-smokers
on such a task, probably via its action on cholinergic pathways.

Inhalation

40. Hansson et al. (1994)° investigated acute effects of inhalation exposure to
nicotine in non-smokers on cough response, respiratory resistance, and
cardiovascular parameters in healthy never-smokers.

41.  Single-breath exposures to 0.01 mL nebulised nicotine hydrogen tartrate

9 This publication was summarised in a previous COT discussion paper, TOX/2019/2019/38.
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solution at concentrations (nicotine salt) in the range of 0-64 mg/mL*° were
tested in 15 subjects with positive cough response to nebulised capsaicin.
Thirteen of these 15 subjects showed positive, concentration-dependent cough
response to nicotine. Mean (95% confidence interval (Cl)) concentrations
causing two coughs (C2) or five coughs (Cs) were 5.5 (3.5-8.7) mg/mL and

15.8 (10.0-25.1) mg/mL, respectively, while C2 for capsaicin was

7.2 (3.9-13.5) mg/mL. Sensitivities to nicotine and capsaicin were similar when
challenges were repeated on two separate days, and also when the order of
capsaicin/nicotine challenge tests (conducted 15 min apart) was inverted.
Respiratory resistance on challenge with a sub-tussive (< Cz) concentration of
test product was increased to a similar extent by single breaths of nicotine and of
capsaicin, with the increased resistance lasting for around 2-3 min. Repeats of
the tests after 30 min produced results of equivalent magnitude. Five subjects
were evaluated for cardiovascular effects of single-breath inhalations of nicotine
up to 64 mg/mL, taken at 0 and 10 min. No effects were observed on
electrocardiogram (ECG), BP, or HR during the 5 min following each inhalation,
but adverse subjective effects were reported (headache, mouth discomfort).

42. In a separate assessment, cough, cardiovascular effects, and skin temperature
were evaluated in a double-blind manner in eight participants who inhaled nicotine
solutions of 0, 2, 4, or 8 mg/mL on four different days. A single breath was taken
every 15 s up to 5 min (total 21 inhalations), giving a total dose of 0, 0.4, 0.8, or

1.7 mg nicotine per 5 min. Measurements were made from 10 min before challenge
to 30 min afterwards. HR and SBP increased significantly at all doses during the

30 min after challenge, in a dose-related manner, compared with the vehicle-
exposed controls. Maximal responses were seen within 3 min after nicotine
inhalation, and the responses lasted between 6 and 10 min. There were no
significant changes in DBP. Both nicotine and capsaicin treatments caused a
decrease in skin temperature, with maximal response at 5 min. Seven of the
subjects complained of headache, which reached a maximum at 5-6 min and lasted
for 20 min. None of the subjects noticed a tremor or nausea (Hansson et al. 1994).

Follow-up risk assessment of nicotine exposure for users and bystanders
Summary of health-based guidance values and evaluations for nicotine

43. The COT has previously considered discussion papers reviewing nicotine
toxicity (TOX/2018/25, TOX/2019/38) and the specific areas of potential
developmental toxicity via parental exposure (TOX/2018/45) or from exposure during
adolescence and/or early adulthood (TOX/2019/01). The Committee has previously
considered HBGVs for nicotine exposure set by EFSA (EFSA 2009), EU (UK-DAR
2007), and EPA (EPA 2008). The Committee determined that data from the study of
Lindgren et al. (1999), as used by EFSA, would be the most appropriate to use in
establishing an HBGYV for inhalation exposure to nicotine from ENDS.

10 Tests were carried out firstly by increasing nicotine concentration, and later, in random order.
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44. At the September 2019 COT meeting (TOX/2019/47), the Committee
discussed the study of Lindgren et al. (1999) (summarised in paragraphs 4-5), in
which HR and EEG parameters were monitored in CC smokers administered
nicotine by i.v. infusion (0.0, 3.5, 7.0, 14.0, and 28.0 pg/kg bw, over 10 min),
following a 12-h abstinence from smoking. EFSA (2009) had established an acute
reference dose (ARfD) and acceptable daily intake (ADI) for oral nicotine exposure
from this study based on a lowest adverse effects level (LOAEL) of 3.5 pg/kg bw for
effects on HR. The COT concluded that this study could be used to establish an
HBGYV for nicotine exposure in ENDS users. From the data presented on EEG, the
Committee considered that a no observed adverse effect level (NOAEL) in the range
of 7-14 ug/kg bw should be used as a point of departure, albeit with some
uncertainty. Taking the value of 7 pg/kg bw, applying an adjustment of 0.55 for
bioavailability (extrapolation from i.v. to inhalation route)!?, and an uncertainty factor
(UF) of 10 to account for human variability, this would result in an HBGV of

1.3 pg/kg bw for acute inhalation exposure to nicotine of ENDS users. Given that
nicotine has a short biological half-life in humans, does not accumulate in the body,
and the most sensitive effect is considered to be pharmacological effects (alterations
in EEG) after i.v. infusion, the HBGV established for acute effects of nicotine could
also be considered to protect against longer term effects, thus the HBGV for chronic
exposure of ENDS users would also be 1.3 pg/kg bw/day.

45.  Atthe September 2019 meeting, it was agreed that as the Lindgren study did
not include non-smokers, it was not an appropriate basis for an HBGV to protect
bystanders from the effects of nicotine in air following use of ENDS products. The
Secretariat proposed to use a margin of exposure (MOE) approach with data from
the Lindgren study in the interim, but Members will wish to consider the information
provided in paragraphs 6-42 above as to whether there is an alternative appropriate
point of departure (POD) for establishing an HBGV for bystanders.

Evaluation of risk to ENDS users

46. Data on potential levels of exposure of users to nicotine from ENDS were
summarised in TOX/2019/39 and TOX/2019/59. Study data for all experimental
studies which had reported measurements of nicotine and nicotine-related alkaloids
were tabulated in Table 4 of TOX/2019/39. The data for nicotine are reproduced in
Table 2, below.

11 See TOX/2019/38 for details on bioavailability of nicotine via different routes of exposure
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Table 2. Levels of nicotine measured in E(N)NDS aerosols. Data are taken from
Table 4 of the COT discussion paper, TOX/2019/39, where further details of the

reference cited can be found.
(Nicotine levels in pg/puff, either as reported in the original publications, or calculated from the original
data provided, have been highlighted in bold for the purpose of this report.)

Study

E(N)NDS product(s) and nicotine
content
Puff volume

Amount of nicotine collected
from aerosol and/or
concentration in aerosol (unless
otherwise stated) [conversion for
this paper]

Trehy et al. (2011)

4 products purchased via internet;
16 mg/cartridge nicotine (label),
21 mg/cartridge nicotine
(measured);

100 mL

50-292 ug/30 puffs
[0.67-9.73 pg/puff,
6.7-97.3 mg/m3

Pellegrino et al. (2012)

Italian-brand E(N)NDS;
0.25% nicotine

6.21 mg/m?

Czogala et al. (2014)

3 E(N)NDS products purchased in
Poland;

18 mg/cartridge nicotine (label),
11-19 mg/cartridge nicotine
(measured);

70 mL

2.51 pg/m?® (mean) and

0.82-6.23 pg/m?3 (range) in
ambient air in a 39m® chamber into
which 7 x 1.8 s puffs were emitted

Tayyarah and Long (2014)

2 disposable and 3 rechargeable
E(N)NDS;

16—24 mg/unit nicotine (label),
11.7-20.6 mg/unit nicotine (range of
mean values for 5 product types)
(measured);
55 mL

8-33 ug/puff
[145-600 mg/m3] (range of mean
values for 5 product types)

Laugesen
(2015)

14 E(N)NDS products (9 cigalikes,
3 disposables, 2 cartomizers) from
China, UK, and USA;

14.5-23 mg/mL nicotine (label),
11.5-27.4 mg/mL nicotine

43 ug/puff

[614 mg/m?]
(mean);

18-93 pg/puff
275-1329 mg/m?3]

(measured); (range)
70 mL

Flora et al. (2016) 4 E(N)NDS products of ‘MarkTen’ 29 pg/puff
brand (USA); [527 mg/m?]
1.5% nicotine; (average)
55 mL

Margham et al. (2016) Vype ePen (closed modular system | 32 pug/puff
with cartomizer, operated at 3.6 V), [582 mg/m?]
‘Blended Tobacco’ E(N)NDS liquid; (mean)

1.86% nicotine;
55 mL

Talih et
al. (2016) [‘direct dripping’]

NHALER 510 Atomizer with ego-T
battery (3.4 V); PG-based E(N)NDS
liquid, with flavour; E(N)NDS use by
“direct dripping” of E(N)NDS liquid
(dripping every 2, 3, or 4 puffs);

0 or 18 mg/mL nicotine;

152 mL

740-1030 pg/15 puffs
[49.3—-68.7 pg/puff, or
324-451 mg/m? (mean);

[620—2950 pg/15 puffs
[41.3-197 pg/puff, or
272-1294 mg/m3] (range)
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Study E(N)NDS product(s) and nicotine | Amount of nicotine
content collected from aerosol
Puff volume and/or concentration in
aerosol (unless otherwise
stated) [conversion for this
paper]
Laugesen 14 E(N)NDS products (9 cigalikes, 43 ug/puff
(2015) 3 disposables, 2 cartomizers) from [614 mg/m?]
China, UK, and USA; (mean);

14.5-23 mg/mL nicotine (label),
11.5-27.4 mg/mL nicotine

18-93 pg/puff

(measured); [275-1329 mg/m3]
70 mL (range)
Flora et al. (2016) 4 E(N)NDS products of ‘MarkTen’ 29 ug/puff
brand (USA); [527 mg/m?]
1.5% nicotine; (average)
55 mL
Margham et al. (2016) Vype ePen (closed modular system 32 ug/puff
with cartomizer, operated at 3.6 V), [582 mg/m?]
‘Blended Tobacco’ E(N)NDS liquid; (mean)

1.86% nicotine;
55 mL

Talih et
al. (2016) [‘direct dripping’]

NHALER 510 Atomizer with ego-T
battery (3.4 V); PG-based E(N)NDS
liquid, with flavour; E(N)NDS use by
“direct dripping” of E(N)NDS liquid
(dripping every 2, 3, or 4 puffs);

0 or 18 mg/mL nicotine;

152 mL

740-1030 ug/15 puffs
[49.3-68.7 ug/puff, or
324-451 mg/m3| (mean);

[620-2950 pg/15 puffs
[41.3-197 pg/puff, or
272-1294 mg/m3] (range)

Baassiri et al. (2017)

Vapor-Fi second-generation tank
system;

18 mg/mL nicotine (PG/glycerol
mixtures ranging from 0/100 to
100/0)

67 mL (4 s puffs, 16.7 mL/s flow
rate)

0.13 mg/15 puffs
(0/100 PG/glyceroal liquid)

0.58 mg/15 puffs

(100/0 PG/glyceroal liquid)
[9-39 pg/puff;

129-577 mg/m3]

Lee et al. (2017)

V2 ‘cigalike’ cartomizer devices
(VMR Products): tobacco flavour,
menthol flavour;

1.8% nicotine;

(2 puffs/min diluted 1:172 into
chamber)

Tobacco-flavoured,
4.35 ug/m3 (mean);

Menthol-flavoured,
2.40 pg/m3 (mean)

47.  The highest levels were reported from the study of Laugesen (2015)*?, which
measured a mean nicotine level of 43 pug/puff (range 18-93 ug/puff) in aerosols

produced from a range of ENDS products with measured nicotine concentrations in
the liquid of 11.5-27.4 mg/mL. Based on these data:

12 Excluding the higher levels reported from the study of Talih et al. (2016), which used a ‘direct
dripping’ method to produce aerosol.
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e For a 70 kg user taking 15 puffs during one ENDS-use session'3,
average (range) exposure would be: 9.2 (3.9-19.9) ug/kg bw.

e For a 70 kg user taking 272 puffs/day*, average (range) daily
exposure would be: 167 (70-361) pg/kg bw/day.

e For a 70 kg user taking 338 puffs/day, average (range) daily exposure
would be: 208 (87-449) ug/kg bw/day.

48. The estimated mean levels of exposure to nicotine from one 15-puff ENDS-
use session calculated in paragraph 47 would exceed the HBGV of 1.3 ug/kg bw by
approximately 7-fold. The estimated mean levels of daily exposure to nicotine from
ENDS use calculated in paragraph 47 would exceed the HBGV of 1.3 ug/kg bw/day
by approximately 130-fold (272 puffs/day) to 160-fold (338 puffs/day).

49.  An average daily exposure to nicotine from smoking CC has been calculated
as 500 pg/kg bw/day (see TOX/2019/39 for details). This level of nicotine exposure
exceeds the HBGV of 1.3 pg/kg bw/day by approximately 385-fold. The estimated
mean levels of daily exposure to nicotine from ENDS use calculated in paragraph 47
represent approximately 33-42% of this average daily exposure from CC smoking.

Evaluation of risk to bystanders

50. Data on levels of nicotine measured in ambient air associated with use of
E(N)NDS products were presented in the COT discussion paper, TOX/2019/11, and
are summarised in Table 3, below.

13 15 puffs is suggested as a possible scenario for one ENDS-use session, although it is
acknowledged that patterns of use vary between users.

14 The study of Dawkins et al. (2018) [described in TOX/2019/39] reported mean daily ENDS use
levels with different product-type/nicotine levels as follows: 338 puffs/day (fixed power, 6 mg/mL
nicotine), 308 puffs/day (variable power, 6 mg/mL nicotine, 279 puffs/day (fixed power, 18 mg/mL
nicotine), and 272 puffs/day (variable power, 18 mg/mL nicotine). The lower and higher values of this
range have been used for the user exposure calculations in paragraph 47.
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Table 3.

being or had been used.

Studies listed in TOX/2019/11 that reported measurements of nicotine in ambient air where E(N)NDS products were

Reference Study details Average nicotine level measured in ambient air
(mean + SD (range)), ug/m?
Experimental studies in rooms or exposure chambers
Saffari et al. 48 m3 room, 1 user, 7 puffs/10 min, 16 mg/mL nicotine, 0.123
(2014) air-exchange 1.1/h

Melstrom et al.
(2017)

52.6 m® room, 3 users, ad libitum for 2 h, 12-20.5 mg/mL
nicotine, air exchange 5/h

0.717 (0.445-0.989) (disposable)
1.680 (1.158-2.047) (tank)

Schober et al. | 45 m® room, 3 users, ad libitum for 2 h, 18 mg/mL nicotine, 22+17
(2014) air exchange 0.37-0.74/h
Liu et al. 114 m® chamber, 8 users, 80 puffs/user over 4 h, 2.4% nicotine, 2.83
(2017)* air exchange 7.5 L/s
Czogala et al. |39 m2®chamber, 1 user, 2 x 5-min ad libitum at 30-min interval (1 3.32 £ 2.49 (0.65-6.23)
(2014)2 h mean level measured), 16-18 mg/mL nicotine, air exchange —
not reported
O'Connell et al. | 38.5 m® room, 3 users, 165 min, 16 mg/g nicotine, air exchange 0.8/h | <7 (LOD)
(2015)®
Maloney et al. | 137 m3room, 2-12 users, 6 x 1 hour, 1.5-2.5% nicotine, < 10-15 (LOQ)
(2016)* air exchange 1.47-1.56/h
Other settings
Ballbe et al. Main family rooms 0.02 (non-E(N)NDS-use households)
(2014) 0.13 (E(N)NDS-use households)
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Reference Study details Average nicotine level measured in ambient air
(mean + SD (range)), ug/m?3

Schober et al. | Moving car, 1 user (front of car), ad libitum use, 14 test sessions, air < LOD (not specified) in 8 test sessions

(2019) sampled in back of car, 18 mg/mL nicotine, windows open 2-5 cm 4-10 in 6 test sessions
Johnson et al. | 4 indoor vaping events, described as ‘well ventilated’ 1.1 (0.36-2.2)

(2018)

Chen et al. Indoor vaping event, described as ‘poorly ventilated’ 124.7 (109.2-140.2)
(2017)

1 The ‘Conflicts of Interest’ section of the publication states that “The study was funded by Altria Client Services LLC. The authors, Mohamadi Sarkar, Jianmin Liu, Qiwei Liang,
Michael J. Oldham, Ali A. Rostami and Karl A. Wagner are employees of ALCS. I. Gene Gillman, Piyush Patel and Rebecca Savioz are paid contractors. The study was
conducted on behalf of NuMark LLC., (Richmond, VA, USA) a subsidiary of Altria Group, that produces and markets e-vapor products.”

2 Authors reported: “MLG received research funding from Pfizer, manufacturer of stop smoking medication, and was funded by the UK Centre for Tobacco Control Studies
(UKCTCS) during the study. AS received research funds and travel expenses from Chic Group Ltd., manufacturer of electronic cigarettes in Poland. Other authors declare no
conflicts of interest”. The study was funded by the Ministry of Science and Higher Education of

Poland.

3 The ‘Conflicts of Interest’ listing of this publication states that “All authors are employees of Imperial Tobacco Group. The work in this manuscript was supported by Imperial
Tobacco Group. Imperial Tobacco Group is the parent company of Fontem Ventures B.V., the manufacturer of the e-cigarette products used in this study.”

4 The ‘Funding’ acknowledgement section of this publication notes that “All authors of this study are current or

retired employees of Altria Client Services which is a subsidiary of Altria Group. NuMark, a subsidiary of Altria

Group, is a manufacturer of electronic cigarettes. Funding for this project was provided by Altria Client Services.”
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51. Considering the data obtained from studies reported in TOX/2019/11 that
measured nicotine levels in association with ENDS use under pre-specified
conditions in rooms or exposure chambers, the highest mean (range) ambient air
nicotine level associated with ENDS use was 3.32 (0.65-6.23) pg/m? reported by
Czogala et al. (2014). Based on these data:

e For a 70 kg individual inhaling 20 m? air during 24 h, this would lead to
a nicotine intake of 0.95 (0.19-1.78) ug/kg bw/day.

e Fora 13.3 kg, 1-6 year-old child inhaling 8.8 m3 air during 24 h, this
would lead to a nicotine intake of 2.2 (0.43-4.1) pg/kg bw/day.

52.  Asnoted in paragraph 45, an interim approach of using the study of Lindgren
et al. (1999) to calculate a MOE is used here:

e Taking as the POD a value of 6.4 pg/kg bw, from the LOAEL of
3.5 pg/kg bw for HR effects in the Lindgren et al. (1999) study, as
selected by EFSA (2009), with adjustment of 0.55 for bioavailability
from i.v. to inhalation route:

I. For a 70 kg adult: the calculated nicotine exposure of
0.95 (0.2-1.8) pg/kg bw/day would represent an MOE of 6.7 (3.5-
32).

ii. Fora 13.3 kg, 1-6 year-old child: the calculated nicotine
exposure of 2.2 (0.4-4.1) pg/kg bw/day would represent an MOE
of 2.9 (1.6-16).

e Taking as the POD a value of 12.7 pg/kg bw, from the NOAEL of
7 ng/kg bw for EEG effects identified by COT, with adjustment of 0.55
for bioavailability from i.v. to inhalation route:

i. For a 70 kg adult: the calculated nicotine exposure of
0.95 (0.2-1.8) pg/kg bw/day would represent an MOE of
13.4 (7.1-64).

ii. Fora 13.3 kg, 1-6 year-old child: the calculated nicotine
exposure of 2.2 (0.4-4.1) pg/kg bw/day would represent an MOE
of 5.8 (3.1-32).

53. In a 2006 review, ‘The Health Consequences of Involuntary Exposure to
Tobacco Smoke’, published by the US Surgeon General, Chapter 4 reviewed
‘Prevalence of Exposure to Second-hand Smoke’, with a focus on measured
concentrations of airborne nicotine (CDC 2006). This publication summarised data
from numerous studies that had measured air nicotine levels in different settings
where CC smoking was permitted, restricted, or banned, including homes,
restaurants and bars, offices and other workplaces. Detailed information can be
found in the report, at https://www.ncbi.nlm.nih.gov/books/NBK44325/ (accessed
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26/09/2019). In homes where CC smoking occurred, average nicotine levels were
often in the range of 1-3 pg/m3, with higher ranges measured during active smoking
(e.g. 5-15 pg/m?3). Workplace studies showed a wide range of nicotine
concentrations, with mean levels often in the range of 1-10 ug/m? but ranging up to
around 50 pg/m?® where smoking was allowed, and levels generally < 1 ug/m? where
smoking was banned. In public places such as restaurants, bars, lounges, and other
venues, nicotine levels ranged from less than detectable up to around 70 pg/m?3. A
study of waiters exposed to second-hand smoke showed average nicotine levels of
5.8 pug/m3, with an upper range of 68 pug/m3, while a study in a cafeteria showed
nicotine concentrations of 25-40 pug/m?3 in a smoking section, 2-5 pg/m?3 in a proximal
non-smoking section, and < 0.5 pg/m?2 in a more distant non-smoking section.
Average nicotine levels in bars and lounges were generally >10 pg/m? and often
>50 pg/m3, with maximum levels >100 pg/m?3 occasionally noted in bars (CDC 2006).

54.  The mean nicotine level of 3.32 ug/m3 measured by Czogala et al. (2014) (see
Table 2), associated with use of an ENDS product by one user in a 39 m3 chamber
for two 5-min periods over 1 hour, is within the same range as that described in the
U.S. Surgeon General report for levels of nicotine in households where CC smoking
takes place.

55. Table 2 also lists two studies that measured nicotine levels in ambient air
during indoor ‘vaping events’. Johnson et al. (2018) reported a median nicotine level
of 1.1 pg/m?3 (range <0.36-2.2 ug/m?3) from measurements taken during four vaping
events held in well-ventilated convention centres. However, Chen et al. (2017)
measured a much higher mean ambient air nicotine concentration of 124.7 ug/m?
during a vaping event held in a poorly ventilated venue. The mean air nicotine
concentration of 124.7 pug/m?3 reported by Chen et al. (2017) is within the highest
range of levels occasionally noted in bars where CC smoking was permitted, as
described in the review of the U.S. Surgeon General.

Summary

56. Data are presented from clinical studies in which acute effects of nicotine
exposure were evaluated in non-smokers. The studies included are limited to those
in which the route of application was considered to be sufficiently representative of
the kinetics of exposure to nicotine via inhalation of ENDS aerosol (i.v., s.c., intra-
nasal, or inhalation). Studies using oral or dermal exposures were excluded. These
data may be of use in providing a basis to calculate an HBGV for nicotine exposure
from ENDS in bystanders.

57. Arisk assessment is presented for exposure of ENDS users to nicotine.
Taking a NOAEL of 7 ug/kg bw for acute effects on EEG following i.v. nicotine
exposure in CC smokers from the study of Lindgren et al. (1999), an HBGV of

1.3 pg/kg bw/day was established for inhalation exposure to nicotine. Using data
summarised in previous COT discussion papers on the highest reported mean
nicotine level in ENDS aerosol and estimated average usage levels: a 15-puff
ENDS-use session would expose the user to a nicotine level of approximately 7-fold
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the COT HBGV; mean nicotine exposure during one day from an average ENDS use
of 272-338 puffs would represent approximately 130- to 160-fold the COT HBGV.
This would be equivalent to approximately 33-42% of the estimated average daily
nicotine exposure from regular CC smoking.

58. Asthe Committee did not consider that the data of Lindgren et al. (1999) were
suitable for calculation of an HBGV for nicotine exposure to non-smokers,
consideration of bystander exposure to nicotine from ENDS is presented using an
MOE approach. Using data from previous COT papers on highest mean nicotine
concentrations in ambient air under experimental conditions, the MOE for mean daily
exposure to nicotine for a 70 kg adult would be approximately 6.7 using a LOAEL of
3.5 pg/kg bw/day for HR effects, or 13.4 for a NOAEL of 7.0 pg/kg bw/day for EEG
effects, based on the study of Lindgren et al. (1999). For a 13.3 kg, 1-6 year-old
child, the respective MOE values would be 2.9 or 5.8 . Mean nicotine concentrations
measured in ambient air under experimental conditions of ENDS use were within the
range noted in the U.S. Surgeon General report for background levels of nicotine in
households where CC smoking takes place.

Questions for the Committee

59.  Members are asked to consider the information provided in this paper and
in particular:

e Do Members consider that it is appropriate to use numerical data from
the studies that reported the highest mean levels of nicotine in ENDS
aerosol or in ambient air in calculations of risk to users and bystanders,
respectively?

Users

e Do Members consider that a NOAEL of 7 pg/kg bw for EEG effects in
the study of Lindgren et al. (1999) is the most suitable POD to calculate
an HBGYV for nicotine exposure in ENDS users? If not, what is the most
appropriate POD?

e Is it appropriate to establish a single HBGV covering acute and chronic
exposure of users to nicotine from ENDS based on the acute effects on
EEG noted in the study of Lindgren et al. (1999)?

e Can the Committee draw any conclusions about (a) absolute and (b)
relative risk for ENDS users form nicotine?

Bystanders

e Is an MOE approach using the Lindgren et al. (1999) data an

appropriate method to use for consideration of bystander exposure to

nicotine from ENDS? If so, is it preferable to base this on the POD of
3.5 pg/kg bw for heart-rate effects or 7 ug/kg bw for EEG effects?
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e Alternately, do Members consider that any of the new data from clinical
studies of acute cardiovascular and CNS effects of nicotine in
non-smokers are suitable for use to calculate an HBGV for nicotine
exposure to bystanders? If so, can the Committee identify a key study
and point of departure to be used for this purpose?

e Can the Committee draw any conclusions on the risks for bystanders
from nicotine resulting from use of ENDS products?

Statement

e Are there any particular aspects of this paper that should be captured
when a COT statement on E(N)NDS is prepared?

NCET at WRc/IEH-C under contract supporting the PHE COT Secretariat
November 2019
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Abbreviations

ANCOVA
ANOVA
ARCI
BP
CBF
CcC

Cl
CNS
DBP
E(N)NDS
ECG
EEG
ENDS
ENNDS
ESE
FPV
HR
LOAEL
HBGV
AYA
MBG
MOE
NNS
NOAEL
NSE
PANAS
PCAG
POMS
rCBF
RR
S.C.
SBP
SCL
SSS
UF
VAS

Analysis of co-variance
Analysis of variance

Addiction Research Centre Inventory
Blood pressure

Cerebral blood flow

Conventional cigarette

Confidence interval

Central nervous system

Diastolic blood pressure

Electronic nicotine (or non-nicotine) delivery system
Electrocardiogram
Electroencephalogram
Electronic nicotine delivery system
Electronic non-nicotine delivery system
Early smoking experiences

Finger pulse volume

Heart rate

Lowest observed adverse effect level
Health-based guidance value
Intravenous

Morphine Benzedrine Group

Margin of exposure

Nasal nicotine solution

No observed adverse effect level
Nicotine spray effects

Positive And Negative Affect Scale
Pentobarbital Chlorpromazine Alcohol Group
Profile of Mood States

Regional cerebral blood flow
Respiratory resistance
Subcutaneous

Systolic blood pressure

Skin conductance level

Sensation seeking scale

Uncertainty factor

Visual analogue scales
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TOX/2019/72 - Annex A

COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD, CONSUMER PRODUCTS
AND THE ENVIRONMENT (COT)

Potential toxicological risks from electronic nicotine (and non-nicotine)
delivery systems (E(N)NDS - e-cigarettes). Follow-up from September 2019
COT meeting: updated risk assessments for nicotine exposure from ENDS.

Details of literature search carried out by NCET at WRc/IEH-C

The following literature searches were performed by NCET at WRc/IEH-C under
contract to PHE on 14/20/2019 in Scopus and PubMed.

SCOPUS

(((TITLE ( nicotine) AND NOT TITLE-ABS-KEY (tablet OR gum OR patch OR
ingest*))) AND ( ( TITLE-ABS-KEY ( "non smoker*" OR "non-smoker*" OR
nonsmoker*) AND TITLE-ABS-KEY ( cardio* OR "heart rate" OR "blood
pressure” OR "central nervous system” OR brain OR "spinal cord" OR
electrocardiogram OR electroencephalogram OR ecg OR eeg)))) AND ((
KEY (human OR humans) AND NOT KEY (animal OR animals))) AND (
EXCLUDE ( SUBJAREA, "AGRI") OR EXCLUDE ( SUBJAREA, "ENVI") OR
EXCLUDE ( SUBJAREA, "SOCI") OR EXCLUDE ( SUBJAREA, "ARTS") OR
EXCLUDE ( SUBJAREA, "MULT") OR EXCLUDE ( SUBJAREA, "COMP") OR
EXCLUDE ( SUBJAREA, "ENGI") OR EXCLUDE ( SUBJAREA, "CENG") OR
EXCLUDE ( SUBJAREA, "CHEM") OR EXCLUDE ( SUBJAREA, "MATH") OR
EXCLUDE ( SUBJAREA, "DECI") OR EXCLUDE ( SUBJAREA, "DENT") OR
EXCLUDE ( SUBJAREA, "MATE")) AND (LIMIT-TO (LANGUAGE , "English")
OR EXCLUDE ( LANGUAGE , "Portuguese") OR EXCLUDE ( LANGUAGE ,
"German") OR EXCLUDE ( LANGUAGE , "Turkish")): 97.

PubMed

((((((((nicotine[Title]) NOT (tablet[Title/Abstract] OR gum[Title/Abstract] OR
patch[Title/Abstract] OR ingest*[Title/Abstract]))) AND ((("non
smoker*"[Title/Abstract] OR "non-smoker*"[Title/Abstract] OR
nonsmoker*[Title/Abstract])) AND (cardio*[Title/Abstract] OR "heart
rate"[Title/Abstract] OR "blood pressure"[Title/Abstract] OR "central nervous
system"[Title/Abstract] OR brain[Title/Abstract] OR "spinal cord"[Title/Abstract] OR
eeg[Title/Abstract] OR ecqg[Title/Abstract] OR electrocardiogram[Title/Abstract] OR
electroencephalogram|Title/Abstract])))) AND english[Language]) AND
Humans[Mesh])) AND ((("clinical study"[Publication Type]) OR "clinical
trial"[Publication Type]) AND Humans[Mesh]): 29.
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	Table 1. Clinical studies reporting acute cardiovascular or CNS effects of nicotine exposure in non-smokers exposed by i.v., s.c., intra-nasal, or inhalation routes.
	Details of the study of i.v. nicotine infusion in CC smokers (Lindgren et al. 1999) used by COT to calculate an HBGV for nicotine exposure for ENDS users are listed in row 1 for comparison. 
	Study 
	Study 
	Study 
	Study 
	Study 

	Test subjects (males and females unless otherwise specified) 
	Test subjects (males and females unless otherwise specified) 

	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Route, duration of exposure 
	Route, duration of exposure 

	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Endpoints evaluated 
	Endpoints evaluated 



	Lindgren et al. (1999) 
	Lindgren et al. (1999) 
	Lindgren et al. (1999) 
	Lindgren et al. (1999) 
	P
	[CC smokers only] 

	Smokers (mean, 19 CC/day) (n=14). 
	Smokers (mean, 19 CC/day) (n=14). 

	0 
	0 
	3.5 
	7.0 
	14.0 
	28.0 

	i.v. infusion,
	i.v. infusion,
	10 min

	[0.25] 
	[0.25] 
	[0.5] 
	[1.0] 
	[2.0] 

	Heart rate (HR). 
	Heart rate (HR). 
	Electroencephalogram (EEG). 


	Ghatan et al. (1998) 
	Ghatan et al. (1998) 
	Ghatan et al. (1998) 

	Non-smokers (n=6). 
	Non-smokers (n=6). 
	Smokers (n=12). 

	0.3 /min (non-smokers). 
	0.3 /min (non-smokers). 
	2.0 /min for 30 min then 0.5 /min for 80 min (smokers). 

	i.v. infusion,110 min
	i.v. infusion,110 min

	[2.3 (non-smokers)] 
	[2.3 (non-smokers)] 
	[7.0 (smokers)] 

	Plasma nicotine. 
	Plasma nicotine. 
	Global and regional cerebral blood flow (CBF). 
	Subjective responses. 


	Swan et al. (2007) 
	Swan et al. (2007) 
	Swan et al. (2007) 

	Non-smokers. 
	Non-smokers. 
	Smokers (19.8% of study population). 
	-n=110 monozygoticand 29 dizygotic twinpairs
	-n=110 monozygoticand 29 dizygotic twinpairs
	-n=110 monozygoticand 29 dizygotic twinpairs



	0.5 /min (non-smokers). 
	0.5 /min (non-smokers). 
	1.0 /min (5-15 CC/day). 
	2.0 /min (≥15 CC/day). 

	i.v. infusion,30 min
	i.v. infusion,30 min

	[1.05 (non-smokers)] 
	[1.05 (non-smokers)] 
	[2.1 (5-15 CC/day)] 
	[4.2 (≥15 CC/day)] 

	HR. 
	HR. 


	Soria et al. (1996) 
	Soria et al. (1996) 
	Soria et al. (1996) 

	Non-smokers (n=5). 
	Non-smokers (n=5). 
	Smokers (15-40 CC/day) (n=5). 
	-Mostly males.
	-Mostly males.
	-Mostly males.



	[0.0] 
	[0.0] 
	[10.7] 
	[21.4] 

	i.v. infusion,10 s
	i.v. infusion,10 s

	0.0 
	0.0 
	0.75 
	1.5 

	HR, systolic blood pressure (SBP), diastolic blood pressure (DBP)). 
	HR, systolic blood pressure (SBP), diastolic blood pressure (DBP)). 
	Subjective responses. 
	Addiction-related tests. 


	Foulds et al. (1994) 
	Foulds et al. (1994) 
	Foulds et al. (1994) 

	Non-smokers (n=4). 
	Non-smokers (n=4). 

	8.7 (average) 
	8.7 (average) 
	P

	s.c. injection
	s.c. injection

	0.0 
	0.0 
	0.6 
	P

	Plasma nicotine. 
	Plasma nicotine. 
	HR. 
	EEG. 
	Subjective effects. 




	Study 
	Study 
	Study 
	Study 
	Study 

	Test subjects (males and females unless otherwise specified) 
	Test subjects (males and females unless otherwise specified) 

	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Route, duration of exposure 
	Route, duration of exposure 

	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Endpoints evaluated 
	Endpoints evaluated 



	Russell et al. (1990) 
	Russell et al. (1990) 
	Russell et al. (1990) 
	Russell et al. (1990) 

	Non-smokers (n=6, of whom 3 never-smokers). 
	Non-smokers (n=6, of whom 3 never-smokers). 

	13.25 (mean dose reported across all subjects) 
	13.25 (mean dose reported across all subjects) 
	P
	12.23 (mean dose reported across the subset of 3 never-smokers) 

	s.c. injection
	s.c. injection

	1.0 
	1.0 
	(except for 2 lighter-weight subjects who were given a total dose of 0.75 mg per subject) 

	Plasma nicotine. 
	Plasma nicotine. 
	HR. 
	Subjective responses. 
	P


	Postma et al. (2006) 
	Postma et al. (2006) 
	Postma et al. (2006) 
	P

	Non-smokers (n=12). 
	Non-smokers (n=12). 
	Smokers (n=12). 
	Non-smokers with schizophrenia (n=2). 
	Smokers with schizophrenia (n=7). 
	-Males only
	-Males only
	-Males only



	0 
	0 
	12 
	P
	P

	s.c. injection
	s.c. injection

	[0.0] 
	[0.0] 
	[0.84] 

	HR. 
	HR. 
	Pre-pulse inhibition (PPI) of startle response. 


	Ettinger et al. (2009) 
	Ettinger et al. (2009) 
	Ettinger et al. (2009) 

	Non-smokers (n=11). 
	Non-smokers (n=11). 
	Smokers (5-25 CC/day) (n=13). 
	-Males only
	-Males only
	-Males only



	0 
	0 
	12 
	P

	s.c. injection
	s.c. injection

	[0.0] 
	[0.0] 
	[0.84] 

	Plasma nicotine. 
	Plasma nicotine. 
	HR, mean arterial BP. 


	Le Houezec et al. (1994) 
	Le Houezec et al. (1994) 
	Le Houezec et al. (1994) 

	Non-smokers (< 5 CC/lifetime) (n=12) 
	Non-smokers (< 5 CC/lifetime) (n=12) 
	-Males only
	-Males only
	-Males only



	[11.4] 
	[11.4] 

	s.c. injection
	s.c. injection

	0.0 
	0.0 
	0.8 

	Plasma nicotine. 
	Plasma nicotine. 
	HR, blood pressure (BP). 
	Subjective responses. 
	Information processing task. 


	Foulds et al. (1997) 
	Foulds et al. (1997) 
	Foulds et al. (1997) 

	Never-smokers (< 20 CC/lifetime) (n=18). 
	Never-smokers (< 20 CC/lifetime) (n=18). 
	Smokers (mean, 21 CC/day) (n=18). 

	4.4 (average) 
	4.4 (average) 
	8.8 (average) 
	P
	P

	s.c. injection
	s.c. injection

	0.0 
	0.0 
	0.3 
	0.6 

	HR, finger pulse volume (FPV)). 
	HR, finger pulse volume (FPV)). 
	Subjective responses. 


	Perkins et al. (1994) 
	Perkins et al. (1994) 
	Perkins et al. (1994) 

	Never-smokers (n=18, ≤ 20 CC/lifetime). 
	Never-smokers (n=18, ≤ 20 CC/lifetime). 
	Smokers (n=17, ≥ 15 CC/day for ≥ 1 y). 

	0 
	0 
	5 
	10 
	20 
	P

	Measured-dose nasal spray 
	Measured-dose nasal spray 

	[0.0] 
	[0.0] 
	[0.35] 
	[0.7] 
	[1.4] 
	P

	Plasma nicotine. 
	Plasma nicotine. 
	HR, SBP, DBP. 
	Performance tests. 
	Cognitive tests. 
	Subjective responses. 




	Study 
	Study 
	Study 
	Study 
	Study 

	Test subjects (males and females unless otherwise specified) 
	Test subjects (males and females unless otherwise specified) 

	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Route, duration of exposure 
	Route, duration of exposure 

	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Endpoints evaluated 
	Endpoints evaluated 



	Perkins et al. (2000) 
	Perkins et al. (2000) 
	Perkins et al. (2000) 
	Perkins et al. (2000) 

	Never smokers (n=37). 
	Never smokers (n=37). 
	Smokers (n=55). 

	0 
	0 
	10 
	20 
	P
	P

	Measured-dose nasal spray 
	Measured-dose nasal spray 

	[0.0] 
	[0.0] 
	[0.7] 
	[1.4] 

	HR, SBP, DBP. 
	HR, SBP, DBP. 
	Subjective responses. 
	-Outcomes wereevaluated incorrelation withpersonality-typetesting (sensation-seeking scale).
	-Outcomes wereevaluated incorrelation withpersonality-typetesting (sensation-seeking scale).
	-Outcomes wereevaluated incorrelation withpersonality-typetesting (sensation-seeking scale).




	Perkins et al. (2001) 
	Perkins et al. (2001) 
	Perkins et al. (2001) 

	Never smokers (n=19). 
	Never smokers (n=19). 
	Ex-smokers (n=17). 
	Current non-dependent smokers (mean 3 CC/day) (n=12). 
	Current dependent smokers (mean 21 CC/day) (n=45). 

	0 
	0 
	10 
	20 
	P
	P

	Measured-dose nasal spray 
	Measured-dose nasal spray 

	[0.0] 
	[0.0] 
	[0.7] 
	[1.4] 

	HR, SBP, DBP, finger temperature. 
	HR, SBP, DBP, finger temperature. 
	Performance tests. 
	Subjective responses. 
	-Outcomes wereevaluated for effectsof tolerance.
	-Outcomes wereevaluated for effectsof tolerance.
	-Outcomes wereevaluated for effectsof tolerance.




	Perkins et al. (2008a) 
	Perkins et al. (2008a) 
	Perkins et al. (2008a) 

	Young adult non-smokers with between 1 and 10 lifetime smoking exposures (n=58). 
	Young adult non-smokers with between 1 and 10 lifetime smoking exposures (n=58). 

	0 
	0 
	10 
	P

	Measured-dose nasal spray 
	Measured-dose nasal spray 

	[0.0] 
	[0.0] 
	[0.7] 

	Cardiovascular outcomes. 
	Cardiovascular outcomes. 
	Subjective responses. 
	-Outcomes wereevaluated forcorrelation with earlysmoking experience(ESE) responses(questionnaire) andfor effects ofreinforcement.
	-Outcomes wereevaluated forcorrelation with earlysmoking experience(ESE) responses(questionnaire) andfor effects ofreinforcement.
	-Outcomes wereevaluated forcorrelation with earlysmoking experience(ESE) responses(questionnaire) andfor effects ofreinforcement.






	Study 
	Study 
	Study 
	Study 
	Study 

	Test subjects (males and females unless otherwise specified) 
	Test subjects (males and females unless otherwise specified) 

	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Dose level (µg/kg bw), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Route, duration of exposure 
	Route, duration of exposure 

	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 
	Total dose (mg/subject), as stated by authors, or [calculated for this report, assuming 70 kg bw] 

	Endpoints evaluated 
	Endpoints evaluated 



	Perkins et al. (2008b) 
	Perkins et al. (2008b) 
	Perkins et al. (2008b) 
	Perkins et al. (2008b) 

	Young adult non-smokers (≤ 10 lifetime smoking exposures). 
	Young adult non-smokers (≤ 10 lifetime smoking exposures). 

	0 
	0 
	5 
	10 
	P

	Measured-dose nasal spray 
	Measured-dose nasal spray 

	[0.0] 
	[0.0] 
	[0.35] 
	[0.7] 
	P

	Cardiovascular responses. 
	Cardiovascular responses. 
	Salivary cortisol concentration. 
	Sensory processing and performance tasks, 
	Subjective responses. 
	-Outcomes wereevaluated forcorrelation with factorsincluding genotypesand gender.
	-Outcomes wereevaluated forcorrelation with factorsincluding genotypesand gender.
	-Outcomes wereevaluated forcorrelation with factorsincluding genotypesand gender.




	Myers et al. (2013) 
	Myers et al. (2013) 
	Myers et al. (2013) 

	Non-smokers (< 10 CC ever) (n=25). 
	Non-smokers (< 10 CC ever) (n=25). 
	Smokers (mean, 21 CC/day, 15.8 y) (n=30). 

	[0] 
	[0] 
	[7] 
	[21] 

	Measured-dose nasal spray 
	Measured-dose nasal spray 

	0.0 
	0.0 
	0.5 
	1.5 

	HR, BP. 
	HR, BP. 
	Subjective responses. 
	Executive attention and alerting attention. 


	West and Jarvis (1986) 
	West and Jarvis (1986) 
	West and Jarvis (1986) 

	Non-smokers, mostly male (n=1–8). 
	Non-smokers, mostly male (n=1–8). 

	[0] 
	[0] 
	[2.1] 
	[29] 
	[57] 

	Nicotine nasal solution (NNS) (liquid droplet in the nose) 
	Nicotine nasal solution (NNS) (liquid droplet in the nose) 

	0 (‘pepper’ solution) 
	0 (‘pepper’ solution) 
	0.15 
	2, 4 

	Performance tests. 
	Performance tests. 


	Hansson et al. (1994) 
	Hansson et al. (1994) 
	Hansson et al. (1994) 

	Non-smokers (n=15 subjects with positive cough response to capsaicin (respiratory tests); subset of n=5 (cardiovascular parameters)). 
	Non-smokers (n=15 subjects with positive cough response to capsaicin (respiratory tests); subset of n=5 (cardiovascular parameters)). 

	[0-9.1 nicotine hydrogen tartrate] 
	[0-9.1 nicotine hydrogen tartrate] 

	Single-breath inhalation 
	Single-breath inhalation 

	0-0.64 nicotine hydrogentartrate
	0-0.64 nicotine hydrogentartrate

	Electrocardiogram (ECG), HR, SBP, DBP. 
	Electrocardiogram (ECG), HR, SBP, DBP. 
	Cough response (C2, C5). 
	Respiratory resistance (RR). 
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	This is a preliminary paper for discussion. It does not represent the views of the Committee and must not be quoted, cited or reproduced. Intravenous infusion 4. Lindgren et al. (1999)1 (see TOX/2019/47) conducted a single-blind, placebo-controlled crossover study with the aim to establish a dose-response relationship between nicotine and quantitative electroencephalogram (EEG) measures in 14 CC smokers (average 19 CC/day). Subjects abstained from nicotine for ≥ 12 h before test sessions, confirmed by plasm
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	5.Plasma nicotine concentrations increased in a time- and dose-dependentmanner. Nicotine infusions were associated with increased HR in a dose- andtime-dependent manner. Authors described the HR acceleration as ‘pronounced’after infusion of the 14.0 and 28.0 µg/kg nicotine doses. For EEG evaluations,linear, dose-related decreases of delta and theta power were recorded,consistent with increased arousal. A significant effect of higher nicotine doses todecrease theta power was noted. The nicotine X time point 
	5.Plasma nicotine concentrations increased in a time- and dose-dependentmanner. Nicotine infusions were associated with increased HR in a dose- andtime-dependent manner. Authors described the HR acceleration as ‘pronounced’after infusion of the 14.0 and 28.0 µg/kg nicotine doses. For EEG evaluations,linear, dose-related decreases of delta and theta power were recorded,consistent with increased arousal. A significant effect of higher nicotine doses todecrease theta power was noted. The nicotine X time point 

	6.Ghatan et al. (1998) assessed the effects of nicotine on regional cerebralblood flow (rCBF) in a group of 6 non-smokers and 12 smokers (> 20 CC/day).Test subjects were allocated to one of three groups. Group A (n=8 smokers)abstained from nicotine overnight. Four underwent abstinence then received ani.v. nicotine infusion (Group A.1, n=4) and four received an i.v. nicotine infusionthen abstained from smoking.  (Group A.2, n=4)2. All eight underwent 12 PETscans during abstinence or infusion.  Nicotine was a
	6.Ghatan et al. (1998) assessed the effects of nicotine on regional cerebralblood flow (rCBF) in a group of 6 non-smokers and 12 smokers (> 20 CC/day).Test subjects were allocated to one of three groups. Group A (n=8 smokers)abstained from nicotine overnight. Four underwent abstinence then received ani.v. nicotine infusion (Group A.1, n=4) and four received an i.v. nicotine infusionthen abstained from smoking.  (Group A.2, n=4)2. All eight underwent 12 PETscans during abstinence or infusion.  Nicotine was a


	1 This study was conducted in CC smokers only. The details are included for comparative purposes. 
	1 This study was conducted in CC smokers only. The details are included for comparative purposes. 
	2 Plasma nicotine returned to basal levels in between the nicotine infusion and abstinence test periods. 

	2.0 µg/kg bw/min for 30 min, followed by 0.5 µg/kg bw/min for approximately 80 min, with the dosing regime designed to avoid nausea or discomfort. For each set of 12 PET scans, participants performed a psychometric task (computerised maze test) during 6 scans, and a sham test during the other 6 scans. For non-smokers (Group B), nicotine was infused at 0.3 µg/kg bw/min during 6 PET scans, after which the infusion was changed to saline during the subsequent 6 scans (participant blinded). The Group B non-smoke
	2.0 µg/kg bw/min for 30 min, followed by 0.5 µg/kg bw/min for approximately 80 min, with the dosing regime designed to avoid nausea or discomfort. For each set of 12 PET scans, participants performed a psychometric task (computerised maze test) during 6 scans, and a sham test during the other 6 scans. For non-smokers (Group B), nicotine was infused at 0.3 µg/kg bw/min during 6 PET scans, after which the infusion was changed to saline during the subsequent 6 scans (participant blinded). The Group B non-smoke
	2.0 µg/kg bw/min for 30 min, followed by 0.5 µg/kg bw/min for approximately 80 min, with the dosing regime designed to avoid nausea or discomfort. For each set of 12 PET scans, participants performed a psychometric task (computerised maze test) during 6 scans, and a sham test during the other 6 scans. For non-smokers (Group B), nicotine was infused at 0.3 µg/kg bw/min during 6 PET scans, after which the infusion was changed to saline during the subsequent 6 scans (participant blinded). The Group B non-smoke

	7.Mean plasma nicotine concentrations in Groups A and C were around6 ng/mL on the study day during abstinence study periods, and 25-28 ng/mLduring nicotine infusions. Nicotine was not detected at baseline in plasma ofgroup B, while the peak levels reached during infusion were approximately one-third of those observed in Group A. There were no significant differences in mazetest score between nicotine-free and nicotine-infusion conditions in Group A orGroup B. Global cerebral blood flow and cerebral oxygen u
	7.Mean plasma nicotine concentrations in Groups A and C were around6 ng/mL on the study day during abstinence study periods, and 25-28 ng/mLduring nicotine infusions. Nicotine was not detected at baseline in plasma ofgroup B, while the peak levels reached during infusion were approximately one-third of those observed in Group A. There were no significant differences in mazetest score between nicotine-free and nicotine-infusion conditions in Group A orGroup B. Global cerebral blood flow and cerebral oxygen u

	8.Swan et al. (2007) monitored heart rate (HR) response during i.v. infusionof nicotine in a study of twin-pairs. The study population comprised 110 mono-zygotic and 29 dizygotic twin-pairs, of whom 19.8% overall were CC smokersand the rest were non-smokers. Prior to tests, participants abstained from alcoholand recreational drugs for one week and fasted and refrained from tobacco useovernight. Deuterium-labelled nicotine was infused i.v. over a period of 30 min,with dosing based on estimated smoking status
	8.Swan et al. (2007) monitored heart rate (HR) response during i.v. infusionof nicotine in a study of twin-pairs. The study population comprised 110 mono-zygotic and 29 dizygotic twin-pairs, of whom 19.8% overall were CC smokersand the rest were non-smokers. Prior to tests, participants abstained from alcoholand recreational drugs for one week and fasted and refrained from tobacco useovernight. Deuterium-labelled nicotine was infused i.v. over a period of 30 min,with dosing based on estimated smoking status


	9.Soria et al. (1996) investigated effects of acute i.v. nicotine administrationin CC smokers (15-40 CC/day) in comparison with non-smokers (n=5/group).Participants abstained from smoking and caffeine for 12 h and from alcohol for24 h prior to each study day, one-week apart. Test doses of 0.0, 0.75, or 1.5 mgnicotine base were infused i.v. in 1 mL saline over a period of 10 s. Nicotinedoses were given in increasing order, with the saline-only treatment randomlyplaced in the sequence. The protocol was double
	9.Soria et al. (1996) investigated effects of acute i.v. nicotine administrationin CC smokers (15-40 CC/day) in comparison with non-smokers (n=5/group).Participants abstained from smoking and caffeine for 12 h and from alcohol for24 h prior to each study day, one-week apart. Test doses of 0.0, 0.75, or 1.5 mgnicotine base were infused i.v. in 1 mL saline over a period of 10 s. Nicotinedoses were given in increasing order, with the saline-only treatment randomlyplaced in the sequence. The protocol was double
	9.Soria et al. (1996) investigated effects of acute i.v. nicotine administrationin CC smokers (15-40 CC/day) in comparison with non-smokers (n=5/group).Participants abstained from smoking and caffeine for 12 h and from alcohol for24 h prior to each study day, one-week apart. Test doses of 0.0, 0.75, or 1.5 mgnicotine base were infused i.v. in 1 mL saline over a period of 10 s. Nicotinedoses were given in increasing order, with the saline-only treatment randomlyplaced in the sequence. The protocol was double

	10.For cardiovascular parameters, there were no significant main effects ofdose and no group X dose interactions, which the authors considered may bedue to small sample size. Smokers and non-smokers showed increased HR andBP 1-5 min after injection of nicotine, but not saline. For HR, the dose X timeinteraction was significant, with both nicotine doses causing significant increasesfrom 1 min to 15 min post injection compared with saline. The group X timeinteraction was also significant, with a greater diffe
	10.For cardiovascular parameters, there were no significant main effects ofdose and no group X dose interactions, which the authors considered may bedue to small sample size. Smokers and non-smokers showed increased HR andBP 1-5 min after injection of nicotine, but not saline. For HR, the dose X timeinteraction was significant, with both nicotine doses causing significant increasesfrom 1 min to 15 min post injection compared with saline. The group X timeinteraction was also significant, with a greater diffe

	11.For the other measurements: VAS showed significant main effects fordose and time, and for dose X time and group X time interactions (due to ‘good’effects reported by smokers); significant main effects of group were found forMBG scale (positive feelings; higher scoring by smokers) and LSD scale(disorientation; higher scoring by non-smokers). Beep response to drug effectindicated significantly stronger effects in smokers and non-smokers with nicotineinjections compared with saline, and with strongest effec
	11.For the other measurements: VAS showed significant main effects fordose and time, and for dose X time and group X time interactions (due to ‘good’effects reported by smokers); significant main effects of group were found forMBG scale (positive feelings; higher scoring by smokers) and LSD scale(disorientation; higher scoring by non-smokers). Beep response to drug effectindicated significantly stronger effects in smokers and non-smokers with nicotineinjections compared with saline, and with strongest effec


	This is a preliminary paper for discussion. It does not represent the views of the Committee and must not be quoted, cited or reproduced. Subcutaneous injection 
	12.Foulds et al. (1994) investigated effects of s.c. nicotine administration onplasma nicotine concentration, HR, and electroencephalogram (EEG) in four non-smokers (3 never smokers, 1 ex-smoker). On each of two tests days, one weekapart, subjects received two injections, at a 40-min interval, of either saline or 0.6 mgnicotine in saline, in a double-blind crossover design with the dose ordercounter-balanced. The average nicotine dose per injection was reported as8.7 µg/kg bw. Subjects abstained from alcoho
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	12.Foulds et al. (1994) investigated effects of s.c. nicotine administration onplasma nicotine concentration, HR, and electroencephalogram (EEG) in four non-smokers (3 never smokers, 1 ex-smoker). On each of two tests days, one weekapart, subjects received two injections, at a 40-min interval, of either saline or 0.6 mgnicotine in saline, in a double-blind crossover design with the dose ordercounter-balanced. The average nicotine dose per injection was reported as8.7 µg/kg bw. Subjects abstained from alcoho

	13.Plasma nicotine peaked at 10 min after nicotine injection, increasing from abaseline average of 0.2 ng/mL to 5.3 ng/mL at 10 min after injection 1, and8.3 ng/mL at 10 min after injection 2, and reaching a trough value of 2.9 ng/mL justbefore injection 2. The saline injection did not alter plasma nicotine concentration.HR increased after placebo and nicotine injections. After the first and secondnicotine injections, the absolute increases were 14 and 13 bpm, respectively, and theincreases over placebo wer
	13.Plasma nicotine peaked at 10 min after nicotine injection, increasing from abaseline average of 0.2 ng/mL to 5.3 ng/mL at 10 min after injection 1, and8.3 ng/mL at 10 min after injection 2, and reaching a trough value of 2.9 ng/mL justbefore injection 2. The saline injection did not alter plasma nicotine concentration.HR increased after placebo and nicotine injections. After the first and secondnicotine injections, the absolute increases were 14 and 13 bpm, respectively, and theincreases over placebo wer

	14.Russell et al. (1990) evaluated effects of s.c. nicotine injection on HR andplasma nicotine concentration in six non-smokers (of whom three were never-smokers). The injected dose of nicotine base was either 0.75 or 1.0 mg, dependingon body weight (reported as equivalent to an average dose of 13.25 µg/kg bw). HRand plasma nicotine were monitored at baseline and for 60 min post injection.Plasma nicotine peaked at 15 min post injection at an average of 8.5 ng/mL(0.5 ng/mL at baseline; approximately 4 ng/mL 
	14.Russell et al. (1990) evaluated effects of s.c. nicotine injection on HR andplasma nicotine concentration in six non-smokers (of whom three were never-smokers). The injected dose of nicotine base was either 0.75 or 1.0 mg, dependingon body weight (reported as equivalent to an average dose of 13.25 µg/kg bw). HRand plasma nicotine were monitored at baseline and for 60 min post injection.Plasma nicotine peaked at 15 min post injection at an average of 8.5 ng/mL(0.5 ng/mL at baseline; approximately 4 ng/mL 


	15.A study by Postma et al. (2006) investigated the effects of nicotineadministration to modify neural pre-pulse inhibition in schizophrenic andnon-schizophrenic smokers and non-smokers. Pre-pulse inhibition is a phenomenonwhereby reflex response to a startling stimulus is dampened by pre-exposure to aweaker pre-stimulus. The effect is time dependent, with maximum effects generallyobserved using pre-pulse stimuli up to 120 ms prior to the startle, while longer pre-pulse intervals are, conversely, associated
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	16.Effects of nicotine on HR during the procedure were assessed via a 2x3x2ANOVA [drug X occasion (before injection, 9 min after injection, post PPI testing) Xsmoking status]. A significant interaction between occasion and drug wasdetermined, and post hoc analysis indicated that this reflected a significantlyincreased HR at 9 min post injection. Effect of nicotine on PPI was evaluated by2x3x2x2 ANOVA [drug X trial type (-30, -60, -120 ms SOA) x group x smokingstatus]. Analysis showed main effects of trial t
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	17.Ettinger et al. (2009) carried out a randomised, double-blind, crossover-designstudy to evaluate the effect of nicotine on antisacchades and prosacchades
	17.Ettinger et al. (2009) carried out a randomised, double-blind, crossover-designstudy to evaluate the effect of nicotine on antisacchades and prosacchades


	3 Selected from an initial cohort of 40 non-schizophrenic and 14 schizophrenic subjects, of whom 16 and 5, respectively, were excluded as they did not present startle responses at initial testing. 
	3 Selected from an initial cohort of 40 non-schizophrenic and 14 schizophrenic subjects, of whom 16 and 5, respectively, were excluded as they did not present startle responses at initial testing. 

	responses. Participants, all of whom were male, included 11 non-smokers and 13 smokers (5-25 CC/day). Placebo (saline) or nicotine (12 µg/kg bw base) treatments were given by s.c. injection in random order, one week apart. Participants were abstinent from smoking for 2 h prior to tests. Eye movement parameters were tracked by fMRI imaging whilst conducting a set of antisacchade and prosacchade tasks (visual tasks based on either looking away from or following a coloured dot on a computer screen, with a dura
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	responses. Participants, all of whom were male, included 11 non-smokers and 13 smokers (5-25 CC/day). Placebo (saline) or nicotine (12 µg/kg bw base) treatments were given by s.c. injection in random order, one week apart. Participants were abstinent from smoking for 2 h prior to tests. Eye movement parameters were tracked by fMRI imaging whilst conducting a set of antisacchade and prosacchade tasks (visual tasks based on either looking away from or following a coloured dot on a computer screen, with a dura

	18.Plasma nicotine concentrations prior to and during procedures weremeasured in a subset of participants, reported descriptively. Levels were higheroverall in smokers than in non-smokers, with a greater magnitude of increase onnicotine injection, compared with placebo and over time, in non-smokers than insmokers. Overall, mean arterial BP showed a main effect of group (higher insmokers compared with non-smokers), but with no effect of drug, time, or drug Xtime. HR showed a significant effect of drug X time
	18.Plasma nicotine concentrations prior to and during procedures weremeasured in a subset of participants, reported descriptively. Levels were higheroverall in smokers than in non-smokers, with a greater magnitude of increase onnicotine injection, compared with placebo and over time, in non-smokers than insmokers. Overall, mean arterial BP showed a main effect of group (higher insmokers compared with non-smokers), but with no effect of drug, time, or drug Xtime. HR showed a significant effect of drug X time

	19.Analysis of nicotine on sacchadic variables was carried out by 2x2x2 repeat-measures ANOVA [time (pre-, post-injection) X drug X group]. For antisacchadelatency, a drug X time interaction was noted (faster latency pre- to post-nicotineinjection) and there was a main effect of group (faster latency in smokers comparedwith non-smokers). For prosacchade latency there was a drug X group interaction(indicating faster latency in smokers and slower latency in non-smokers after nicotinecompared with placebo inje
	19.Analysis of nicotine on sacchadic variables was carried out by 2x2x2 repeat-measures ANOVA [time (pre-, post-injection) X drug X group]. For antisacchadelatency, a drug X time interaction was noted (faster latency pre- to post-nicotineinjection) and there was a main effect of group (faster latency in smokers comparedwith non-smokers). For prosacchade latency there was a drug X group interaction(indicating faster latency in smokers and slower latency in non-smokers after nicotinecompared with placebo inje

	20.Le Houezec et al. (1994) investigated whether a low-dose s.c. nicotineinjection would affect information-processing capability in a group of malenon-smokers. Twelve participants (<5 CC/lifetime) underwent three test sessions onseparate days, including control (no treatment) [session 1], s.c. injection of saline or0.8 mg nicotine in saline [sessions 2 and 3, double blind and counter-balanced].Performance effects, plasma nicotine and cotinine, cardiovascular changes, andsubjective responses were monitored 
	20.Le Houezec et al. (1994) investigated whether a low-dose s.c. nicotineinjection would affect information-processing capability in a group of malenon-smokers. Twelve participants (<5 CC/lifetime) underwent three test sessions onseparate days, including control (no treatment) [session 1], s.c. injection of saline or0.8 mg nicotine in saline [sessions 2 and 3, double blind and counter-balanced].Performance effects, plasma nicotine and cotinine, cardiovascular changes, andsubjective responses were monitored 


	concluded that low doses of s.c. nicotine directly affect attention or stimulus processing components of information processing. 
	concluded that low doses of s.c. nicotine directly affect attention or stimulus processing components of information processing. 
	concluded that low doses of s.c. nicotine directly affect attention or stimulus processing components of information processing. 

	21.Foulds et al. (1997) reported a randomised, placebo-controlled, crossoverstudy to evaluate physiological and subjective responses to nicotine in non-smokerscompared with smokers. Participants were never-smokers (<20 CC equivalents/lifetime) (n=18) and smokers (≥15 CC/day for ≥2 y) (n=18). They attended four testdays in total, spaced at one-week intervals: one pre-testing evaluation (session 1),then three sessions of test injections (sessions 2-4), for which the order of tests wascounter-balanced. At each
	21.Foulds et al. (1997) reported a randomised, placebo-controlled, crossoverstudy to evaluate physiological and subjective responses to nicotine in non-smokerscompared with smokers. Participants were never-smokers (<20 CC equivalents/lifetime) (n=18) and smokers (≥15 CC/day for ≥2 y) (n=18). They attended four testdays in total, spaced at one-week intervals: one pre-testing evaluation (session 1),then three sessions of test injections (sessions 2-4), for which the order of tests wascounter-balanced. At each

	22.At session 1, no differences were determined between never-smokers andsmokers for mood measures, HR, FPV, or SCL.
	22.At session 1, no differences were determined between never-smokers andsmokers for mood measures, HR, FPV, or SCL.

	23.For smokers, at sessions 2-4, compared with session 1, deterioration in moodand decreased HR were noted prior to injection (i.e. after 24 h smoking abstinence).Nicotine injection did not statistically alter mood score, but, at both nicotine doses,was associated with a significant increase in adverse symptoms, arm pain andcigarette craving. Compared with saline, both the 0.3 mg and 0.6 mg nicotineinjection led to significantly increased HR (+4.3 and +7.8 bpm, respectively) andreduced FPV.
	23.For smokers, at sessions 2-4, compared with session 1, deterioration in moodand decreased HR were noted prior to injection (i.e. after 24 h smoking abstinence).Nicotine injection did not statistically alter mood score, but, at both nicotine doses,was associated with a significant increase in adverse symptoms, arm pain andcigarette craving. Compared with saline, both the 0.3 mg and 0.6 mg nicotineinjection led to significantly increased HR (+4.3 and +7.8 bpm, respectively) andreduced FPV.

	24.For never-smokers, compared with saline, 0.6 mg but not 0.3 mg nicotine wasassociated with significantly decreased mood and increased adverse nicotinesymptoms, dysphoria and arm pain. Compared with saline, both 0.3 mg and 0.6 mgnicotine led to significantly increased HR (+2.8 and +7.3 bpm, respectively), andreduced FPV. Mean HR peaked at 12.5 min post injection. Nicotine (both doses) wasalso associated with a significant decrease in FPV, while SCL was unaffected. Twomale never-smokers had to discontinue 
	24.For never-smokers, compared with saline, 0.6 mg but not 0.3 mg nicotine wasassociated with significantly decreased mood and increased adverse nicotinesymptoms, dysphoria and arm pain. Compared with saline, both 0.3 mg and 0.6 mgnicotine led to significantly increased HR (+2.8 and +7.3 bpm, respectively), andreduced FPV. Mean HR peaked at 12.5 min post injection. Nicotine (both doses) wasalso associated with a significant decrease in FPV, while SCL was unaffected. Twomale never-smokers had to discontinue 

	25.Comparing effects in never-smokers and smokers, there were significantlygreater effects of 0.6 mg nicotine on mood score (reduced alertness) and increasedadverse nicotine symptoms in never-smokers compared with smokers, while nodifferences between the two groups for these effects were noted at the 0.3 mgnicotine dose. However, comparison of changes in physiological measures betweenthe two groups was not reported.
	25.Comparing effects in never-smokers and smokers, there were significantlygreater effects of 0.6 mg nicotine on mood score (reduced alertness) and increasedadverse nicotine symptoms in never-smokers compared with smokers, while nodifferences between the two groups for these effects were noted at the 0.3 mgnicotine dose. However, comparison of changes in physiological measures betweenthe two groups was not reported.


	Intra-nasal administration 
	26.Perkins et al. (1994) investigated differences in subjective, behaviouralperformance, and cardiovascular responses to a range of nicotine doses as afunction of CC smoking status and of the amount of immediately preceding nicotineexposure. Never-smokers (n=18, ≤ 20 CC/lifetime) and CC smokers (n=17;≥ 15 CC/day for ≥ 1 y) participated in five test sessions, with abstinence from CCsmoking, caffeine, and food overnight before each test day. The protocol was doubleblind. To evaluate chronic tolerance to nicot
	26.Perkins et al. (1994) investigated differences in subjective, behaviouralperformance, and cardiovascular responses to a range of nicotine doses as afunction of CC smoking status and of the amount of immediately preceding nicotineexposure. Never-smokers (n=18, ≤ 20 CC/lifetime) and CC smokers (n=17;≥ 15 CC/day for ≥ 1 y) participated in five test sessions, with abstinence from CCsmoking, caffeine, and food overnight before each test day. The protocol was doubleblind. To evaluate chronic tolerance to nicot
	26.Perkins et al. (1994) investigated differences in subjective, behaviouralperformance, and cardiovascular responses to a range of nicotine doses as afunction of CC smoking status and of the amount of immediately preceding nicotineexposure. Never-smokers (n=18, ≤ 20 CC/lifetime) and CC smokers (n=17;≥ 15 CC/day for ≥ 1 y) participated in five test sessions, with abstinence from CCsmoking, caffeine, and food overnight before each test day. The protocol was doubleblind. To evaluate chronic tolerance to nicot

	27.Plasma nicotine showed a dose-dependent, linear increase5. Levels werereported as “reliably reduced by 30% in smokers compared with non-smokers”(p<0.001). The authors considered this to reflect faster nicotine clearance innon-smokers, thus ANOVA results were supplemented with regression analyses toinclude plasma nicotine as an independent measure. Mean baseline HR and DBPwere significantly lower in smokers (61.5 bpm, 65.3 mm Hg) compared withnon-smokers (70.9 bpm,70.1 mm Hg), which was considered to be c
	27.Plasma nicotine showed a dose-dependent, linear increase5. Levels werereported as “reliably reduced by 30% in smokers compared with non-smokers”(p<0.001). The authors considered this to reflect faster nicotine clearance innon-smokers, thus ANOVA results were supplemented with regression analyses toinclude plasma nicotine as an independent measure. Mean baseline HR and DBPwere significantly lower in smokers (61.5 bpm, 65.3 mm Hg) compared withnon-smokers (70.9 bpm,70.1 mm Hg), which was considered to be c

	28.For measures of chronic nicotine tolerance (4 x dose tests), significant maineffects of nicotine were observed for VAS (head rush, jittery, relaxed) and POMS(tension, confusion, fatigue). Dose effects were shifted to the right and dampened for
	28.For measures of chronic nicotine tolerance (4 x dose tests), significant maineffects of nicotine were observed for VAS (head rush, jittery, relaxed) and POMS(tension, confusion, fatigue). Dose effects were shifted to the right and dampened for


	4 Speed of keystroke response to symbols or numbers presented on a video monitor. 
	4 Speed of keystroke response to symbols or numbers presented on a video monitor. 
	5 Plasma nicotine concentrations were not reported, but appear from Fig.1 of the publication to range from approximately 1-9 ng/mL (non-smokers) and 2-12 ng/mL (smokers) over the 0-20 µg/kg bw nicotine dose-range (probably within 5-15 min post-dosing, although this is not clear from the report). 

	smokers, indicating chronic tolerance. Significant dose X smoking status interactions were observed for all aversive measures (but not for VAS relaxed), indicating tolerance in smokers to aversive effects of nicotine. Conversely, smokers showed greater responses in POMS measures (vigour and arousal). Multiple regression analyses with plasma nicotine as an independent variable indicated an interaction between smoking status and plasma nicotine for most measures, indicating chronic tolerance. In behaviour and
	smokers, indicating chronic tolerance. Significant dose X smoking status interactions were observed for all aversive measures (but not for VAS relaxed), indicating tolerance in smokers to aversive effects of nicotine. Conversely, smokers showed greater responses in POMS measures (vigour and arousal). Multiple regression analyses with plasma nicotine as an independent variable indicated an interaction between smoking status and plasma nicotine for most measures, indicating chronic tolerance. In behaviour and
	smokers, indicating chronic tolerance. Significant dose X smoking status interactions were observed for all aversive measures (but not for VAS relaxed), indicating tolerance in smokers to aversive effects of nicotine. Conversely, smokers showed greater responses in POMS measures (vigour and arousal). Multiple regression analyses with plasma nicotine as an independent variable indicated an interaction between smoking status and plasma nicotine for most measures, indicating chronic tolerance. In behaviour and

	29.Acute tolerance (20 µg/kg bw, 5th dose-challenge test) was observed foreffects of nicotine on HR, with response significantly smaller after 4x nicotinecompared with placebo pre-challenge. Pre-challenge dose X smoking statusinteraction was not significant. However, a significant effect of acute tolerance wasobserved in smokers at all doses compared with placebo, whereas this was not thecase for non-smokers. There were no significant effects of acute tolerance fromnicotine pre-challenge on BP.
	29.Acute tolerance (20 µg/kg bw, 5th dose-challenge test) was observed foreffects of nicotine on HR, with response significantly smaller after 4x nicotinecompared with placebo pre-challenge. Pre-challenge dose X smoking statusinteraction was not significant. However, a significant effect of acute tolerance wasobserved in smokers at all doses compared with placebo, whereas this was not thecase for non-smokers. There were no significant effects of acute tolerance fromnicotine pre-challenge on BP.

	30.Perkins et al. (2000) looked at subjective and cardiovascular responses tonicotine in never-smokers (n=37, mean 8.3 tobacco use/lifetime) and smokers(n=55), with the aim to evaluate potential links with ‘sensation seeking scale’ (SSS)(personality profiling). Participants abstained from smoking overnight before eachtest session. On each of three test days, the test dose of nicotine (0, 10, or20 µg/kg bw) was administered three times (once per 30 min over 90 min) viameasured-dose nasal spray. The order of 
	30.Perkins et al. (2000) looked at subjective and cardiovascular responses tonicotine in never-smokers (n=37, mean 8.3 tobacco use/lifetime) and smokers(n=55), with the aim to evaluate potential links with ‘sensation seeking scale’ (SSS)(personality profiling). Participants abstained from smoking overnight before eachtest session. On each of three test days, the test dose of nicotine (0, 10, or20 µg/kg bw) was administered three times (once per 30 min over 90 min) viameasured-dose nasal spray. The order of 

	31.A subsequent study looked at association of chronic tolerance to nicotine withtobacco dependence (Perkins et al. 2001). In this study, participants were attributedto one of four groups: never-smokers (n=19), former dependent smokers (mean of25 CC for 19 y, then 7 y quit, n=17), current non-dependent smokers (mean of3 CC/day for 14 y, n=12), and current dependent smokers (mean of 21 CC/day for20 y, n=45). Nicotine was administered by measured-dose nasal spray. As with
	31.A subsequent study looked at association of chronic tolerance to nicotine withtobacco dependence (Perkins et al. 2001). In this study, participants were attributedto one of four groups: never-smokers (n=19), former dependent smokers (mean of25 CC for 19 y, then 7 y quit, n=17), current non-dependent smokers (mean of3 CC/day for 14 y, n=12), and current dependent smokers (mean of 21 CC/day for20 y, n=45). Nicotine was administered by measured-dose nasal spray. As with


	previous studies, analyses of group differences used plasma nicotine as a covariate to correct for differences in nicotine exposure related to dispositional tolerance (difference in drug kinetics). Doses of 0, 10, and 20 µg/kg bw nicotine were tested over three sessions using the same protocol as described by Perkins et al. (2000) (paragraph 30, above). Cardiovascular measures (HR, SBP, DBP, finger skin temperature), subjective responses (VAS, POMS), and performance measures (finger-tapping speed, memory re
	previous studies, analyses of group differences used plasma nicotine as a covariate to correct for differences in nicotine exposure related to dispositional tolerance (difference in drug kinetics). Doses of 0, 10, and 20 µg/kg bw nicotine were tested over three sessions using the same protocol as described by Perkins et al. (2000) (paragraph 30, above). Cardiovascular measures (HR, SBP, DBP, finger skin temperature), subjective responses (VAS, POMS), and performance measures (finger-tapping speed, memory re
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	32.HR, SBP, and DPB increased significantly with nicotine dose, but there wereno effects on skin temperature6. There were no significant interactions of group bynicotine dose. Significant group X nicotine dose interactions were noted for nine offifteen subjective effects. Dependent smokers and non-dependent smokers weretolerant to all nine effects, with no differences between the two groups. Ex-smokerswere less tolerant (greater responses than current smokers), and never-smokersshowed lower tolerance than e
	32.HR, SBP, and DPB increased significantly with nicotine dose, but there wereno effects on skin temperature6. There were no significant interactions of group bynicotine dose. Significant group X nicotine dose interactions were noted for nine offifteen subjective effects. Dependent smokers and non-dependent smokers weretolerant to all nine effects, with no differences between the two groups. Ex-smokerswere less tolerant (greater responses than current smokers), and never-smokersshowed lower tolerance than e

	33.In another study, Perkins et al. (2008a) looked at associations of earlysmoking experiences (ESE) with subsequent sensitivity of responses to nicotinechallenge in a group of 58 young adult non-smokers. Questionnaires wereadministered to collect data on responses to ESE, then prospective tests werecarried out to assess ‘nicotine spray effects’ (NSE), including cardiovascularresponses and subjective effects (VAS). On the first two test days, nicotine wasadministered by measured-dose nasal spray at 0 or 10 
	33.In another study, Perkins et al. (2008a) looked at associations of earlysmoking experiences (ESE) with subsequent sensitivity of responses to nicotinechallenge in a group of 58 young adult non-smokers. Questionnaires wereadministered to collect data on responses to ESE, then prospective tests werecarried out to assess ‘nicotine spray effects’ (NSE), including cardiovascularresponses and subjective effects (VAS). On the first two test days, nicotine wasadministered by measured-dose nasal spray at 0 or 10 

	34.On the third test day, participants undertook reinforcement tests. They firstunderwent nicotine self-dosing choice sessions, in which they were pre-exposed tocolour-coded nicotine and placebo sprays (but blinded to nicotine content) and thengiven four sessions where they could choose to self-administer any combination ofeight sprays from the two colour choices. Nicotine was chosen less than 50% of thetime, and reinforcement was not found to be associated with ESE measures in thisgroup of non-smokers.
	34.On the third test day, participants undertook reinforcement tests. They firstunderwent nicotine self-dosing choice sessions, in which they were pre-exposed tocolour-coded nicotine and placebo sprays (but blinded to nicotine content) and thengiven four sessions where they could choose to self-administer any combination ofeight sprays from the two colour choices. Nicotine was chosen less than 50% of thetime, and reinforcement was not found to be associated with ESE measures in thisgroup of non-smokers.

	35.Perkins et al. (2008b) investigated the influence of genetic variation onresponses to nicotine exposure in young adult non-smokers. Participants (n=101,
	35.Perkins et al. (2008b) investigated the influence of genetic variation onresponses to nicotine exposure in young adult non-smokers. Participants (n=101,


	6 Results were not presented for skin temperature. 
	6 Results were not presented for skin temperature. 

	≤10 lifetime tobacco exposures) were administered nicotine by measured-dose nasal spray at doses of 0, 5, and 10 µg/kg bw7 as follows: one dose-level tested per study day, administered 3x (every 30 min over 90 min). Each individual dose was given as eight sprays over a 2-min period (two per 30 s). Mean plasma nicotine after the 5 and 10 µg/kg bw dosing was 2.3 and 3.4 ng/mL, respectively. The order of doses was counter-balanced. After each test dose, subjects were tested for subjective responses (‘Positive 
	≤10 lifetime tobacco exposures) were administered nicotine by measured-dose nasal spray at doses of 0, 5, and 10 µg/kg bw7 as follows: one dose-level tested per study day, administered 3x (every 30 min over 90 min). Each individual dose was given as eight sprays over a 2-min period (two per 30 s). Mean plasma nicotine after the 5 and 10 µg/kg bw dosing was 2.3 and 3.4 ng/mL, respectively. The order of doses was counter-balanced. After each test dose, subjects were tested for subjective responses (‘Positive 
	≤10 lifetime tobacco exposures) were administered nicotine by measured-dose nasal spray at doses of 0, 5, and 10 µg/kg bw7 as follows: one dose-level tested per study day, administered 3x (every 30 min over 90 min). Each individual dose was given as eight sprays over a 2-min period (two per 30 s). Mean plasma nicotine after the 5 and 10 µg/kg bw dosing was 2.3 and 3.4 ng/mL, respectively. The order of doses was counter-balanced. After each test dose, subjects were tested for subjective responses (‘Positive 

	36.There were no significant effects of gene X dose or of gene X dose X sex forcardiovascular responses to nicotine. An interaction of dopamine D4 receptor(DRD4) allele X dose was seen for changes in salivary cortisol concentration. DRD4was also associated with greater aversive responses to nicotine and reducednicotine choice. Some between-gender differences were observed in dopaminereceptor allele-associated responses (DRD4 and DRD2). Authors commented thatthese preliminary results suggest that polymorphis
	36.There were no significant effects of gene X dose or of gene X dose X sex forcardiovascular responses to nicotine. An interaction of dopamine D4 receptor(DRD4) allele X dose was seen for changes in salivary cortisol concentration. DRD4was also associated with greater aversive responses to nicotine and reducednicotine choice. Some between-gender differences were observed in dopaminereceptor allele-associated responses (DRD4 and DRD2). Authors commented thatthese preliminary results suggest that polymorphis

	37.Myers et al. (2013) investigated acute effects of nicotine nasal spray innon-smokers (n=25, < 10 CC/lifetime) and smokers (mean 21 CC/day for 15.8 y)(n=30). Nicotine doses of 0, 0.5, and 1.5 mg were tested in randomised order, ondifferent days. Participants abstained from alcohol and ‘other drugs’ for 24 h prior totest days, but not from caffeine, nicotine, or prescription drugs. Prior to and postdosing the following evaluations were performed: cardiovascular effects (HR, BP);subjective responses; execut
	37.Myers et al. (2013) investigated acute effects of nicotine nasal spray innon-smokers (n=25, < 10 CC/lifetime) and smokers (mean 21 CC/day for 15.8 y)(n=30). Nicotine doses of 0, 0.5, and 1.5 mg were tested in randomised order, ondifferent days. Participants abstained from alcohol and ‘other drugs’ for 24 h prior totest days, but not from caffeine, nicotine, or prescription drugs. Prior to and postdosing the following evaluations were performed: cardiovascular effects (HR, BP);subjective responses; execut


	7 The 5 and 10 µg/kg bw doses were considered to represent smoking approximately one-quarter and one-half of a CC, respectively. 
	7 The 5 and 10 µg/kg bw doses were considered to represent smoking approximately one-quarter and one-half of a CC, respectively. 
	8 Results were not presented. 

	smokers, and commented that cognitive enhancement might be one reason why people decide to take up smoking. 
	smokers, and commented that cognitive enhancement might be one reason why people decide to take up smoking. 
	smokers, and commented that cognitive enhancement might be one reason why people decide to take up smoking. 

	38.West and Jarvis (1986) studied the acute effects of nicotine applied intra-nasally on finger tapping rate. Five sets of tests were performed in small groups ofnon-smoking adults (mostly males). Nicotine was administered as a single drop inthe nose (‘nasal nicotine solution’, NNS), associated with peak plasma concentrationat 7-10 min post dosing. Tests were mostly conducted in a randomised anddouble-blind manner.
	38.West and Jarvis (1986) studied the acute effects of nicotine applied intra-nasally on finger tapping rate. Five sets of tests were performed in small groups ofnon-smoking adults (mostly males). Nicotine was administered as a single drop inthe nose (‘nasal nicotine solution’, NNS), associated with peak plasma concentrationat 7-10 min post dosing. Tests were mostly conducted in a randomised anddouble-blind manner.

	39.In experiment 1 (n=8 subjects), administration of 4 mg NNS led to a significant4.2% increase in finger-tapping rate at 10 min after, as compared with 10 min before,dosing. There was no significant effect of placebo treatment (a ‘pepper’ solution)(0.7% increase). Experiment 2 tested two NNS doses, 2 mg and 0.15 mg, as well asplacebo (n=8 subjects). The 2 mg dose was associated with significantly increased(5%) finger-tapping rate compared with pre-dosing. No effects were noted with0.15 mg NNS or placebo. I
	39.In experiment 1 (n=8 subjects), administration of 4 mg NNS led to a significant4.2% increase in finger-tapping rate at 10 min after, as compared with 10 min before,dosing. There was no significant effect of placebo treatment (a ‘pepper’ solution)(0.7% increase). Experiment 2 tested two NNS doses, 2 mg and 0.15 mg, as well asplacebo (n=8 subjects). The 2 mg dose was associated with significantly increased(5%) finger-tapping rate compared with pre-dosing. No effects were noted with0.15 mg NNS or placebo. I


	Inhalation 
	40.Hansson et al. (1994)9 investigated acute effects of inhalation exposure tonicotine in non-smokers on cough response, respiratory resistance, andcardiovascular parameters in healthy never-smokers.
	40.Hansson et al. (1994)9 investigated acute effects of inhalation exposure tonicotine in non-smokers on cough response, respiratory resistance, andcardiovascular parameters in healthy never-smokers.
	40.Hansson et al. (1994)9 investigated acute effects of inhalation exposure tonicotine in non-smokers on cough response, respiratory resistance, andcardiovascular parameters in healthy never-smokers.

	41.Single-breath exposures to 0.01 mL nebulised nicotine hydrogen tartrate
	41.Single-breath exposures to 0.01 mL nebulised nicotine hydrogen tartrate


	9 This publication was summarised in a previous COT discussion paper, TOX/2019/2019/38. 
	9 This publication was summarised in a previous COT discussion paper, TOX/2019/2019/38. 
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	10 Tests were carried out firstly by increasing nicotine concentration, and later, in random order. 
	10 Tests were carried out firstly by increasing nicotine concentration, and later, in random order. 
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	This is a preliminary paper for discussion. It does not represent the views of the Committee and must not be quoted, cited or reproduced. solution at concentrations (nicotine salt) in the range of 0-64 mg/mL10 were tested in 15 subjects with positive cough response to nebulised capsaicin. Thirteen of these 15 subjects showed positive, concentration-dependent cough response to nicotine. Mean (95% confidence interval (CI)) concentrations causing two coughs (C2) or five coughs (C5) were 5.5 (3.5-8.7) mg/mL and



	44.At the September 2019 COT meeting (
	44.At the September 2019 COT meeting (
	44.At the September 2019 COT meeting (
	44.At the September 2019 COT meeting (
	TOX/2019/47
	TOX/2019/47

	), the Committeediscussed the study of Lindgren et al. (1999) (summarised in paragraphs 4-5), inwhich HR and EEG parameters were monitored in CC smokers administerednicotine by i.v. infusion (0.0, 3.5, 7.0, 14.0, and 28.0 µg/kg bw, over 10 min),following a 12-h abstinence from smoking. EFSA (2009) had established an acutereference dose (ARfD) and acceptable daily intake (ADI) for oral nicotine exposurefrom this study based on a lowest adverse effects level (LOAEL) of 3.5 µg/kg bw foreffects on HR. The COT c


	45.At the September 2019 meeting, it was agreed that as the Lindgren study didnot include non-smokers, it was not an appropriate basis for an HBGV to protectbystanders from the effects of nicotine in air following use of ENDS products. TheSecretariat proposed to use a margin of exposure (MOE) approach with data fromthe Lindgren study in the interim, but Members will wish to consider the informationprovided in paragraphs 6-42 above as to whether there is an alternative appropriatepoint of departure (POD) for
	45.At the September 2019 meeting, it was agreed that as the Lindgren study didnot include non-smokers, it was not an appropriate basis for an HBGV to protectbystanders from the effects of nicotine in air following use of ENDS products. TheSecretariat proposed to use a margin of exposure (MOE) approach with data fromthe Lindgren study in the interim, but Members will wish to consider the informationprovided in paragraphs 6-42 above as to whether there is an alternative appropriatepoint of departure (POD) for


	11 See 
	11 See 
	11 See 
	TOX/2019/38
	TOX/2019/38

	 for details on bioavailability of nicotine via different routes of exposure 
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	Evaluation of risk to ENDS users 46. Data on potential levels of exposure of users to nicotine from ENDS were summarised in TOX/2019/39 and TOX/2019/59. Study data for all experimental studies which had reported measurements of nicotine and nicotine-related alkaloids were tabulated in Table 4 of TOX/2019/39. The data for nicotine are reproduced in Table 2, below.



	Table 2. Levels of nicotine measured in E(N)NDS aerosols. Data are taken from Table 4 of the COT discussion paper, 
	Table 2. Levels of nicotine measured in E(N)NDS aerosols. Data are taken from Table 4 of the COT discussion paper, 
	TOX/2019/39
	TOX/2019/39

	, where further details of the reference cited can be found. 

	(Nicotine levels in µg/puff, either as reported in the original publications, or calculated from the original data provided, have been highlighted in bold for the purpose of this report.) 
	Study 
	Study 
	Study 
	Study 
	Study 

	E(N)NDS product(s) and nicotine content 
	E(N)NDS product(s) and nicotine content 
	Puff volume 

	Amount of nicotine collected from aerosol and/or concentration in aerosol (unless otherwise stated) [conversion for this paper] 
	Amount of nicotine collected from aerosol and/or concentration in aerosol (unless otherwise stated) [conversion for this paper] 



	Trehy et al. (2011) 
	Trehy et al. (2011) 
	Trehy et al. (2011) 
	Trehy et al. (2011) 

	4 products purchased via internet; 
	4 products purchased via internet; 
	16 mg/cartridge nicotine (label), 
	21 mg/cartridge nicotine (measured); 
	100 mL 

	50–292 µg/30 puffs 
	50–292 µg/30 puffs 
	[0.67–9.73 µg/puff, 
	6.7–97.3 mg/m3] 


	Pellegrino et al. (2012) 
	Pellegrino et al. (2012) 
	Pellegrino et al. (2012) 

	Italian-brand E(N)NDS; 
	Italian-brand E(N)NDS; 
	0.25% nicotine 

	6.21 mg/m3 
	6.21 mg/m3 


	Czogala et al. (2014) 
	Czogala et al. (2014) 
	Czogala et al. (2014) 

	3 E(N)NDS products purchased in Poland; 
	3 E(N)NDS products purchased in Poland; 
	18 mg/cartridge nicotine (label), 
	11–19 mg/cartridge nicotine (measured); 
	70 mL 

	2.51 µg/m3 (mean) and 
	2.51 µg/m3 (mean) and 
	0.82–6.23 µg/m3 (range) in ambient air in a 39m3 chamber into which 7 x 1.8 s puffs were emitted 


	Tayyarah and Long (2014) 
	Tayyarah and Long (2014) 
	Tayyarah and Long (2014) 

	2 disposable and 3 rechargeable 
	2 disposable and 3 rechargeable 
	E(N)NDS; 
	16–24 mg/unit nicotine (label), 
	11.7–20.6 mg/unit nicotine (range of mean values for 5 product types) (measured); 
	55 mL 

	8–33 µg/puff 
	8–33 µg/puff 
	[145–600 mg/m3] (range of mean values for 5 product types) 


	Laugesen 
	Laugesen 
	Laugesen 
	(2015) 

	14 E(N)NDS products (9 cigalikes, 3 disposables, 2 cartomizers) from China, UK, and USA; 
	14 E(N)NDS products (9 cigalikes, 3 disposables, 2 cartomizers) from China, UK, and USA; 
	14.5–23 mg/mL nicotine (label), 
	11.5–27.4 mg/mL nicotine (measured); 
	70 mL 

	43 µg/puff  
	43 µg/puff  
	[614 mg/m3]  
	(mean); 
	18–93 µg/puff 
	275–1329 mg/m3] 
	(range) 


	Flora et al. (2016) 
	Flora et al. (2016) 
	Flora et al. (2016) 

	4 E(N)NDS products of ‘MarkTen’ brand (USA); 
	4 E(N)NDS products of ‘MarkTen’ brand (USA); 
	1.5% nicotine; 
	55 mL 

	29 µg/puff 
	29 µg/puff 
	[527 mg/m3] 
	(average) 


	Margham et al. (2016) 
	Margham et al. (2016) 
	Margham et al. (2016) 

	Vype ePen (closed modular system with cartomizer, operated at 3.6 V), ‘Blended Tobacco’ E(N)NDS liquid; 
	Vype ePen (closed modular system with cartomizer, operated at 3.6 V), ‘Blended Tobacco’ E(N)NDS liquid; 
	1.86% nicotine; 
	55 mL 

	32 µg/puff 
	32 µg/puff 
	[582 mg/m3] 
	(mean) 


	Talih et 
	Talih et 
	Talih et 
	al. (2016) [‘direct dripping’] 

	NHALER 510 Atomizer with ego-T battery (3.4 V); PG-based E(N)NDS liquid, with flavour; E(N)NDS use by “direct dripping” of E(N)NDS liquid (dripping every 2, 3, or 4 puffs); 
	NHALER 510 Atomizer with ego-T battery (3.4 V); PG-based E(N)NDS liquid, with flavour; E(N)NDS use by “direct dripping” of E(N)NDS liquid (dripping every 2, 3, or 4 puffs); 
	0 or 18 mg/mL nicotine; 
	152 mL 

	740–1030 µg/15 puffs 
	740–1030 µg/15 puffs 
	[49.3–68.7 µg/puff, or  
	324–451 mg/m3] (mean); 
	P
	[620–2950 µg/15 puffs 
	[41.3–197 µg/puff, or 
	272–1294 mg/m3] (range) 




	Study 
	Study 
	Study 
	Study 
	Study 

	E(N)NDS product(s) and nicotine content 
	E(N)NDS product(s) and nicotine content 
	Puff volume 

	Amount of nicotine collected from aerosol and/or concentration in aerosol (unless otherwise stated) [conversion for this paper] 
	Amount of nicotine collected from aerosol and/or concentration in aerosol (unless otherwise stated) [conversion for this paper] 


	Laugesen 
	Laugesen 
	Laugesen 
	(2015) 

	14 E(N)NDS products (9 cigalikes, 3 disposables, 2 cartomizers) from China, UK, and USA; 
	14 E(N)NDS products (9 cigalikes, 3 disposables, 2 cartomizers) from China, UK, and USA; 
	14.5–23 mg/mL nicotine (label), 
	11.5–27.4 mg/mL nicotine (measured); 
	70 mL 

	43 µg/puff 
	43 µg/puff 
	[614 mg/m3] 
	(mean); 
	P
	18–93 µg/puff 
	[275–1329 mg/m3] 
	(range) 


	Flora et al. (2016) 
	Flora et al. (2016) 
	Flora et al. (2016) 

	4 E(N)NDS products of ‘MarkTen’ brand (USA); 
	4 E(N)NDS products of ‘MarkTen’ brand (USA); 
	1.5% nicotine; 
	55 mL 

	29 µg/puff 
	29 µg/puff 
	[527 mg/m3] 
	(average) 


	Margham et al. (2016) 
	Margham et al. (2016) 
	Margham et al. (2016) 

	Vype ePen (closed modular system with cartomizer, operated at 3.6 V), ‘Blended Tobacco’ E(N)NDS liquid; 
	Vype ePen (closed modular system with cartomizer, operated at 3.6 V), ‘Blended Tobacco’ E(N)NDS liquid; 
	1.86% nicotine; 
	55 mL 

	32 µg/puff 
	32 µg/puff 
	[582 mg/m3] 
	(mean) 


	Talih et 
	Talih et 
	Talih et 
	al. (2016) [‘direct dripping’] 

	NHALER 510 Atomizer with ego-T battery (3.4 V); PG-based E(N)NDS liquid, with flavour; E(N)NDS use by “direct dripping” of E(N)NDS liquid (dripping every 2, 3, or 4 puffs); 
	NHALER 510 Atomizer with ego-T battery (3.4 V); PG-based E(N)NDS liquid, with flavour; E(N)NDS use by “direct dripping” of E(N)NDS liquid (dripping every 2, 3, or 4 puffs); 
	0 or 18 mg/mL nicotine; 
	152 mL 

	740–1030 µg/15 puffs 
	740–1030 µg/15 puffs 
	[49.3–68.7 µg/puff, or  
	324–451 mg/m3] (mean); 
	P
	[620–2950 µg/15 puffs 
	[41.3–197 µg/puff, or 
	272–1294 mg/m3] (range) 


	Baassiri et al. (2017) 
	Baassiri et al. (2017) 
	Baassiri et al. (2017) 

	Vapor-Fi second-generation tank system; 
	Vapor-Fi second-generation tank system; 
	18 mg/mL nicotine (PG/glycerol mixtures ranging from 0/100 to 100/0) 
	67 mL (4 s puffs, 16.7 mL/s flow rate) 

	0.13 mg/15 puffs 
	0.13 mg/15 puffs 
	(0/100 PG/glycerol liquid) 
	P
	0.58 mg/15 puffs 
	(100/0 PG/glycerol liquid) 
	[9–39 µg/puff; 
	129–577 mg/m3] 


	Lee et al. (2017) 
	Lee et al. (2017) 
	Lee et al. (2017) 

	V2 ‘cigalike’ cartomizer devices 
	V2 ‘cigalike’ cartomizer devices 
	(VMR Products): tobacco flavour, 
	menthol flavour; 
	1.8% nicotine; 
	(2 puffs/min diluted 1:172 into chamber) 

	Tobacco-flavoured, 
	Tobacco-flavoured, 
	4.35 µg/m3 (mean); 
	P
	Menthol-flavoured, 
	2.40 µg/m3 (mean) 




	P
	47.The highest levels were reported from the study of Laugesen (2015)12, whichmeasured a mean nicotine level of 43 µg/puff (range 18-93 µg/puff) in aerosolsproduced from a range of ENDS products with measured nicotine concentrations inthe liquid of 11.5–27.4 mg/mL. Based on these data:
	47.The highest levels were reported from the study of Laugesen (2015)12, whichmeasured a mean nicotine level of 43 µg/puff (range 18-93 µg/puff) in aerosolsproduced from a range of ENDS products with measured nicotine concentrations inthe liquid of 11.5–27.4 mg/mL. Based on these data:
	47.The highest levels were reported from the study of Laugesen (2015)12, whichmeasured a mean nicotine level of 43 µg/puff (range 18-93 µg/puff) in aerosolsproduced from a range of ENDS products with measured nicotine concentrations inthe liquid of 11.5–27.4 mg/mL. Based on these data:


	12 Excluding the higher levels reported from the study of Talih et al. (2016), which used a ‘direct dripping’ method to produce aerosol. 
	12 Excluding the higher levels reported from the study of Talih et al. (2016), which used a ‘direct dripping’ method to produce aerosol. 
	•For a 70 kg user taking 15 puffs during one ENDS-use session13,average (range) exposure would be: 9.2 (3.9-19.9) µg/kg bw.
	•For a 70 kg user taking 15 puffs during one ENDS-use session13,average (range) exposure would be: 9.2 (3.9-19.9) µg/kg bw.
	•For a 70 kg user taking 15 puffs during one ENDS-use session13,average (range) exposure would be: 9.2 (3.9-19.9) µg/kg bw.

	•For a 70 kg user taking 272 puffs/day14, average (range) dailyexposure would be: 167 (70-361) µg/kg bw/day.
	•For a 70 kg user taking 272 puffs/day14, average (range) dailyexposure would be: 167 (70-361) µg/kg bw/day.

	•For a 70 kg user taking 338 puffs/day, average (range) daily exposurewould be: 208 (87-449) µg/kg bw/day.
	•For a 70 kg user taking 338 puffs/day, average (range) daily exposurewould be: 208 (87-449) µg/kg bw/day.



	48.The estimated mean levels of exposure to nicotine from one 15-puff ENDS-use session calculated in paragraph 47 would exceed the HBGV of 1.3 µg/kg bw byapproximately 7-fold. The estimated mean levels of daily exposure to nicotine fromENDS use calculated in paragraph 47 would exceed the HBGV of 1.3 µg/kg bw/dayby approximately 130-fold (272 puffs/day) to 160-fold (338 puffs/day).
	48.The estimated mean levels of exposure to nicotine from one 15-puff ENDS-use session calculated in paragraph 47 would exceed the HBGV of 1.3 µg/kg bw byapproximately 7-fold. The estimated mean levels of daily exposure to nicotine fromENDS use calculated in paragraph 47 would exceed the HBGV of 1.3 µg/kg bw/dayby approximately 130-fold (272 puffs/day) to 160-fold (338 puffs/day).
	48.The estimated mean levels of exposure to nicotine from one 15-puff ENDS-use session calculated in paragraph 47 would exceed the HBGV of 1.3 µg/kg bw byapproximately 7-fold. The estimated mean levels of daily exposure to nicotine fromENDS use calculated in paragraph 47 would exceed the HBGV of 1.3 µg/kg bw/dayby approximately 130-fold (272 puffs/day) to 160-fold (338 puffs/day).

	49.An average daily exposure to nicotine from smoking CC has been calculatedas 500 µg/kg bw/day (see 
	49.An average daily exposure to nicotine from smoking CC has been calculatedas 500 µg/kg bw/day (see 
	49.An average daily exposure to nicotine from smoking CC has been calculatedas 500 µg/kg bw/day (see 
	TOX/2019/39
	TOX/2019/39

	 for details). This level of nicotine exposureexceeds the HBGV of 1.3 µg/kg bw/day by approximately 385-fold. The estimatedmean levels of daily exposure to nicotine from ENDS use calculated in paragraph 47represent approximately 33-42% of this average daily exposure from CC smoking.



	13 15 puffs is suggested as a possible scenario for one ENDS-use session, although it is acknowledged that patterns of use vary between users. 
	13 15 puffs is suggested as a possible scenario for one ENDS-use session, although it is acknowledged that patterns of use vary between users. 
	14 
	14 
	The study of Dawkins et al. (2018) [described in 
	TOX/2019/39
	TOX/2019/39

	] reported mean daily ENDS use levels with different product-type/nicotine levels as follows: 338 puffs/day (fixed power, 6 mg/mL nicotine), 308 puffs/day (variable power, 6 mg/mL nicotine, 279 puffs/day (fixed power, 18 mg/mL nicotine), and 272 puffs/day (variable power, 18 mg/mL nicotine). The lower and higher values of this range have been used for the user exposure calculations in paragraph 47. 


	H2
	L
	LI
	LBody
	Span
	Link
	Span

	Evaluation of risk to bystanders 50. Data on levels of nicotine measured in ambient air associated with use ofE(N)NDS products were presented in the COT discussion paper, TOX/2019/11, and are summarised in Table 3, below.



	Table 3. Studies listed in TOX/2019/11 that reported measurements of nicotine in ambient air where E(N)NDS products were being or had been used. 
	P
	Reference 
	Reference 
	Reference 
	Reference 
	Reference 

	Study details 
	Study details 

	Average nicotine level measured in ambient air (mean ± SD (range)), µg/m3 
	Average nicotine level measured in ambient air (mean ± SD (range)), µg/m3 



	TBody
	TR
	TH
	P

	Experimental studies in rooms or exposure chambers 
	Experimental studies in rooms or exposure chambers 

	TD
	P


	Saffari et al. (2014) 
	Saffari et al. (2014) 
	Saffari et al. (2014) 

	48 m3 room, 1 user, 7 puffs/10 min, 16 mg/mL nicotine, air-exchange 1.1/h 
	48 m3 room, 1 user, 7 puffs/10 min, 16 mg/mL nicotine, air-exchange 1.1/h 

	0.123 
	0.123 


	Melstrom et al. (2017) 
	Melstrom et al. (2017) 
	Melstrom et al. (2017) 

	52.6 m3 room, 3 users, ad libitum for 2 h, 12-20.5 mg/mL nicotine, air exchange 5/h 
	52.6 m3 room, 3 users, ad libitum for 2 h, 12-20.5 mg/mL nicotine, air exchange 5/h 

	0.717 (0.445-0.989) (disposable) 
	0.717 (0.445-0.989) (disposable) 
	1.680 (1.158-2.047) (tank) 


	Schober et al. (2014) 
	Schober et al. (2014) 
	Schober et al. (2014) 

	45 m3 room, 3 users, ad libitum for 2 h, 18 mg/mL nicotine, air exchange 0.37-0.74/h 
	45 m3 room, 3 users, ad libitum for 2 h, 18 mg/mL nicotine, air exchange 0.37-0.74/h 

	2.2 ± 1.7 
	2.2 ± 1.7 


	Liu et al. (2017)1 
	Liu et al. (2017)1 
	Liu et al. (2017)1 

	114 m3 chamber, 8 users, 80 puffs/user over 4 h, 2.4% nicotine, air exchange 7.5 L/s 
	114 m3 chamber, 8 users, 80 puffs/user over 4 h, 2.4% nicotine, air exchange 7.5 L/s 

	2.83 
	2.83 


	Czogala et al. (2014)2 
	Czogala et al. (2014)2 
	Czogala et al. (2014)2 

	39 m3 chamber, 1 user, 2 x 5-min ad libitum at 30-min interval (1 h mean level measured), 16-18 mg/mL nicotine, air exchange – not reported 
	39 m3 chamber, 1 user, 2 x 5-min ad libitum at 30-min interval (1 h mean level measured), 16-18 mg/mL nicotine, air exchange – not reported 

	3.32 ± 2.49 (0.65-6.23) 
	3.32 ± 2.49 (0.65-6.23) 


	O'Connell et al. (2015)3 
	O'Connell et al. (2015)3 
	O'Connell et al. (2015)3 

	38.5 m3 room, 3 users, 165 min, 16 mg/g nicotine, air exchange 0.8/h 
	38.5 m3 room, 3 users, 165 min, 16 mg/g nicotine, air exchange 0.8/h 

	< 7 (LOD) 
	< 7 (LOD) 


	Maloney et al. (2016)4 
	Maloney et al. (2016)4 
	Maloney et al. (2016)4 

	137 m3 room, 2-12 users, 6 x 1 hour, 1.5-2.5% nicotine, air exchange 1.47-1.56/h 
	137 m3 room, 2-12 users, 6 x 1 hour, 1.5-2.5% nicotine, air exchange 1.47-1.56/h 

	< 10-15 (LOQ) 
	< 10-15 (LOQ) 


	TR
	TH
	P

	Other settings 
	Other settings 

	TD
	P


	Ballbe et al. (2014) 
	Ballbe et al. (2014) 
	Ballbe et al. (2014) 

	Main family rooms 
	Main family rooms 

	0.02 (non-E(N)NDS-use households) 
	0.02 (non-E(N)NDS-use households) 
	0.13 (E(N)NDS-use households) 




	Reference 
	Reference 
	Reference 
	Reference 
	Reference 

	Study details 
	Study details 

	Average nicotine level measured in ambient air (mean ± SD (range)), µg/m3 
	Average nicotine level measured in ambient air (mean ± SD (range)), µg/m3 



	Schober et al. (2019) 
	Schober et al. (2019) 
	Schober et al. (2019) 
	Schober et al. (2019) 

	Moving car, 1 user (front of car), ad libitum use, 14 test sessions, air sampled in back of car, 18 mg/mL nicotine, windows open 2-5 cm  
	Moving car, 1 user (front of car), ad libitum use, 14 test sessions, air sampled in back of car, 18 mg/mL nicotine, windows open 2-5 cm  

	< LOD (not specified) in 8 test sessions 
	< LOD (not specified) in 8 test sessions 
	4-10 in 6 test sessions


	Johnson et al. (2018) 
	Johnson et al. (2018) 
	Johnson et al. (2018) 

	4 indoor vaping events, described as ‘well ventilated’ 
	4 indoor vaping events, described as ‘well ventilated’ 
	P

	1.1 (0.36-2.2) 
	1.1 (0.36-2.2) 


	Chen et al. (2017) 
	Chen et al. (2017) 
	Chen et al. (2017) 

	Indoor vaping event, described as ‘poorly ventilated’ 
	Indoor vaping event, described as ‘poorly ventilated’ 
	P

	124.7 (109.2-140.2) 
	124.7 (109.2-140.2) 




	P
	1 The ‘Conflicts of Interest’ section of the publication states that “The study was funded by Altria Client Services LLC. The authors, Mohamadi Sarkar, Jianmin Liu, Qiwei Liang, Michael J. Oldham, Ali A. Rostami and Karl A. Wagner are employees of ALCS. I. Gene Gillman, Piyush Patel and Rebecca Savioz are paid contractors. The study was conducted on behalf of NuMark LLC., (Richmond, VA, USA) a subsidiary of Altria Group, that produces and markets e-vapor products.” 
	2 Authors reported: “MLG received research funding from Pfizer, manufacturer of stop smoking medication, and was funded by the UK Centre for Tobacco Control Studies (UKCTCS) during the study. AS received research funds and travel expenses from Chic Group Ltd., manufacturer of electronic cigarettes in Poland. Other authors declare no conflicts of interest”. The study was funded by the Ministry of Science and Higher Education of 
	Poland. 
	3 The ‘Conflicts of Interest’ listing of this publication states that “All authors are employees of Imperial Tobacco Group. The work in this manuscript was supported by Imperial Tobacco Group. Imperial Tobacco Group is the parent company of Fontem Ventures B.V., the manufacturer of the e-cigarette products used in this study.” 
	4 The ‘Funding’ acknowledgement section of this publication notes that “All authors of this study are current or 
	retired employees of Altria Client Services which is a subsidiary of Altria Group. NuMark, a subsidiary of Altria 
	Group, is a manufacturer of electronic cigarettes. Funding for this project was provided by Altria Client Services.” 
	P
	51.Considering the data obtained from studies reported in 
	51.Considering the data obtained from studies reported in 
	51.Considering the data obtained from studies reported in 
	51.Considering the data obtained from studies reported in 
	TOX/2019/11
	TOX/2019/11

	 thatmeasured nicotine levels in association with ENDS use under pre-specifiedconditions in rooms or exposure chambers, the highest mean (range) ambient airnicotine level associated with ENDS use was 3.32 (0.65-6.23) µg/m3 reported byCzogala et al. (2014). Based on these data:
	•For a 70 kg individual inhaling 20 m3 air during 24 h, this would lead toa nicotine intake of 0.95 (0.19-1.78) µg/kg bw/day.
	•For a 70 kg individual inhaling 20 m3 air during 24 h, this would lead toa nicotine intake of 0.95 (0.19-1.78) µg/kg bw/day.
	•For a 70 kg individual inhaling 20 m3 air during 24 h, this would lead toa nicotine intake of 0.95 (0.19-1.78) µg/kg bw/day.

	•For a 13.3 kg, 1-6 year-old child inhaling 8.8 m3 air during 24 h, thiswould lead to a nicotine intake of 2.2 (0.43-4.1) µg/kg bw/day.
	•For a 13.3 kg, 1-6 year-old child inhaling 8.8 m3 air during 24 h, thiswould lead to a nicotine intake of 2.2 (0.43-4.1) µg/kg bw/day.




	52.As noted in paragraph 45, an interim approach of using the study of Lindgrenet al. (1999) to calculate a MOE is used here:
	52.As noted in paragraph 45, an interim approach of using the study of Lindgrenet al. (1999) to calculate a MOE is used here:
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	i.For a 70 kg adult: the calculated nicotine exposure of0.95 (0.2-1.8) µg/kg bw/day would represent an MOE of13.4 (7.1-64).
	i.For a 70 kg adult: the calculated nicotine exposure of0.95 (0.2-1.8) µg/kg bw/day would represent an MOE of13.4 (7.1-64).
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	53.In a 2006 review, ‘The Health Consequences of Involuntary Exposure toTobacco Smoke’, published by the US Surgeon General, Chapter 4 reviewed‘Prevalence of Exposure to Second-hand Smoke’, with a focus on measuredconcentrations of airborne nicotine (CDC 2006). This publication summarised datafrom numerous studies that had measured air nicotine levels in different settingswhere CC smoking was permitted, restricted, or banned, including homes,restaurants and bars, offices and other workplaces. Detailed infor
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	54.The mean nicotine level of 3.32 µg/m3 measured by Czogala et al. (2014) (seeTable 2), associated with use of an ENDS product by one user in a 39 m3 chamberfor two 5-min periods over 1 hour, is within the same range as that described in theU.S. Surgeon General report for levels of nicotine in households where CC smokingtakes place.
	54.The mean nicotine level of 3.32 µg/m3 measured by Czogala et al. (2014) (seeTable 2), associated with use of an ENDS product by one user in a 39 m3 chamberfor two 5-min periods over 1 hour, is within the same range as that described in theU.S. Surgeon General report for levels of nicotine in households where CC smokingtakes place.

	55.Table 2 also lists two studies that measured nicotine levels in ambient airduring indoor ‘vaping events’. Johnson et al. (2018) reported a median nicotine levelof 1.1 µg/m3 (range <0.36-2.2 µg/m3) from measurements taken during four vapingevents held in well-ventilated convention centres. However, Chen et al. (2017)measured a much higher mean ambient air nicotine concentration of 124.7 µg/m3during a vaping event held in a poorly ventilated venue. The mean air nicotineconcentration of 124.7 µg/m3 reported
	55.Table 2 also lists two studies that measured nicotine levels in ambient airduring indoor ‘vaping events’. Johnson et al. (2018) reported a median nicotine levelof 1.1 µg/m3 (range <0.36-2.2 µg/m3) from measurements taken during four vapingevents held in well-ventilated convention centres. However, Chen et al. (2017)measured a much higher mean ambient air nicotine concentration of 124.7 µg/m3during a vaping event held in a poorly ventilated venue. The mean air nicotineconcentration of 124.7 µg/m3 reported


	Summary 
	56.Data are presented from clinical studies in which acute effects of nicotineexposure were evaluated in non-smokers. The studies included are limited to thosein which the route of application was considered to be sufficiently representative ofthe kinetics of exposure to nicotine via inhalation of ENDS aerosol (i.v., s.c., intra-nasal, or inhalation). Studies using oral or dermal exposures were excluded. Thesedata may be of use in providing a basis to calculate an HBGV for nicotine exposurefrom ENDS in byst
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	57.A risk assessment is presented for exposure of ENDS users to nicotine.Taking a NOAEL of 7 µg/kg bw for acute effects on EEG  following i.v. nicotineexposure in CC smokers from the study of Lindgren et al. (1999), an HBGV of1.3 µg/kg bw/day was established for inhalation exposure to nicotine. Using datasummarised in previous COT discussion papers on the highest reported meannicotine level in ENDS aerosol and estimated average usage levels: a 15-puffENDS-use session would expose the user to a nicotine leve
	57.A risk assessment is presented for exposure of ENDS users to nicotine.Taking a NOAEL of 7 µg/kg bw for acute effects on EEG  following i.v. nicotineexposure in CC smokers from the study of Lindgren et al. (1999), an HBGV of1.3 µg/kg bw/day was established for inhalation exposure to nicotine. Using datasummarised in previous COT discussion papers on the highest reported meannicotine level in ENDS aerosol and estimated average usage levels: a 15-puffENDS-use session would expose the user to a nicotine leve


	the COT HBGV; mean nicotine exposure during one day from an average ENDS use of 272-338 puffs would represent approximately 130- to 160-fold the COT HBGV. This would be equivalent to approximately 33-42% of the estimated average daily nicotine exposure from regular CC smoking. 
	the COT HBGV; mean nicotine exposure during one day from an average ENDS use of 272-338 puffs would represent approximately 130- to 160-fold the COT HBGV. This would be equivalent to approximately 33-42% of the estimated average daily nicotine exposure from regular CC smoking. 
	the COT HBGV; mean nicotine exposure during one day from an average ENDS use of 272-338 puffs would represent approximately 130- to 160-fold the COT HBGV. This would be equivalent to approximately 33-42% of the estimated average daily nicotine exposure from regular CC smoking. 

	58.As the Committee did not consider that the data of Lindgren et al. (1999) weresuitable for calculation of an HBGV for nicotine exposure to non-smokers,consideration of bystander exposure to nicotine from ENDS is presented using anMOE approach. Using data from previous COT papers on highest mean nicotineconcentrations in ambient air under experimental conditions, the MOE for mean dailyexposure to nicotine for a 70 kg adult would be approximately 6.7 using a LOAEL of3.5 µg/kg bw/day for HR effects, or 13.4
	58.As the Committee did not consider that the data of Lindgren et al. (1999) weresuitable for calculation of an HBGV for nicotine exposure to non-smokers,consideration of bystander exposure to nicotine from ENDS is presented using anMOE approach. Using data from previous COT papers on highest mean nicotineconcentrations in ambient air under experimental conditions, the MOE for mean dailyexposure to nicotine for a 70 kg adult would be approximately 6.7 using a LOAEL of3.5 µg/kg bw/day for HR effects, or 13.4


	Questions for the Committee 
	L
	LI
	LBody

	LI
	LBody


	P
	L
	LI
	LBody

	LI
	LBody

	LI
	LBody


	P
	59.Members are asked to consider the information provided in this paper andin particular:•Do Members consider that it is appropriate to use numerical data from the studies that reported the highest mean levels of nicotine in ENDS aerosol or in ambient air in calculations of risk to users and bystanders, respectively?Users•Do Members consider that a NOAEL of 7 µg/kg bw for EEG effects in the study of Lindgren et al. (1999) is the most suitable POD to calculate an HBGV for nicotine exposure in ENDS users? If 
	59.Members are asked to consider the information provided in this paper andin particular:•Do Members consider that it is appropriate to use numerical data from the studies that reported the highest mean levels of nicotine in ENDS aerosol or in ambient air in calculations of risk to users and bystanders, respectively?Users•Do Members consider that a NOAEL of 7 µg/kg bw for EEG effects in the study of Lindgren et al. (1999) is the most suitable POD to calculate an HBGV for nicotine exposure in ENDS users? If 
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	•Alternately, do Members consider that any of the new data from clinical studies of acute cardiovascular and CNS effects of nicotine innon-smokers are suitable for use to calculate an HBGV for nicotine exposure to bystanders? If so, can the Committee identify a key study and point of departure to be used for this purpose?•Can the Committee draw any conclusions on the risks for bystanders from nicotine resulting from use of ENDS products?Statement•Are there any particular aspects of this paper that should be
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	Abbreviations 
	P
	ANCOVA Analysis of co-variance 
	ANOVA Analysis of variance 
	ARCI Addiction Research Centre Inventory 
	BP Blood pressure 
	CBF Cerebral blood flow 
	CC Conventional cigarette 
	CI Confidence interval 
	CNS Central nervous system 
	DBP Diastolic blood pressure 
	E(N)NDS Electronic nicotine (or non-nicotine) delivery system 
	ECG Electrocardiogram 
	EEG Electroencephalogram 
	ENDS Electronic nicotine delivery system 
	ENNDS Electronic non-nicotine delivery system 
	ESE Early smoking experiences 
	FPV Finger pulse volume 
	HR Heart rate 
	LOAEL Lowest observed adverse effect level 
	HBGV  Health-based guidance value 
	i.v.Intravenous 
	MBGMorphine Benzedrine Group 
	MOEMargin of exposure 
	NNSNasal nicotine solution 
	NOAELNo observed adverse effect level 
	NSENicotine spray effects 
	PANASPositive And Negative Affect Scale 
	PCAGPentobarbital Chlorpromazine Alcohol Group 
	POMSProfile of Mood States 
	rCBFRegional cerebral blood flow 
	RRRespiratory resistance 
	s.c.Subcutaneous 
	SBPSystolic blood pressure 
	SCLSkin conductance level 
	SSSSensation seeking scale 
	UFUncertainty factor 
	VASVisual analogue scales 
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	COMMITTEE ON TOXICITY OF CHEMICALS IN FOOD, CONSUMER PRODUCTS AND THE ENVIRONMENT (COT) 
	Potential toxicological risks from electronic nicotine (and non-nicotine) delivery systems (E(N)NDS – e-cigarettes). Follow-up from September 2019 COT meeting: updated risk assessments for nicotine exposure from ENDS. 
	 
	Details of literature search carried out by NCET at WRc/IEH-C 
	 
	The following literature searches were performed by NCET at WRc/IEH-C under contract to PHE on 14/20/2019 in Scopus and PubMed. 
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