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1. Principal Investigator: Mehmet Sofuoglu, M.D., Ph.D. 

2. Co-Investigators While all research staff are trained to provide informed consent, those 
identified with an asterisk (*) will provide informed consent for this study. All the research staff 
will have access to the PHI 
Co- Investigator: Suprit Parida, M.D. 
Nursing Staff: *Ellen Mitchell, RN, Angelina Genovese, R.N., 
Research Staff:  *Stacy Minnix, BS, and *Chris Cryan 
 
3. Title of Project: Impact of Menthol on the Abuse Potential of Nicotine  
4.  Purpose, hypothesis and key questions: 
Specific Aim:  To examine if switching from menthol to non-menthol cigarettes will change the 
dose-effect curves for positive subjective effects and alleviation of smoking urges as a function 
of nicotine delivery rate in smokers. 
Hypothesis #1: Switching to non-menthol cigarettes, compared to smoking menthol cigarettes, 
will enhance responses to nicotine for both positive subjective effects and alleviation of smoking 
urges as reflected by a leftward shift in dose-effect curves. 
 
Exploratory Aims: 
Exploratory Aim#1: To examine if switching from menthol to non-menthol cigarettes will change 
the dose-effect curves of nicotine delivery rate for a) reinforcement (assessed with the monetary 
value of the dose from the Multiple-Choice Procedure, b) heart rate and blood pressure, and c) 
tobacco withdrawal severity (assessed with self-report symptoms and cognitive performance).  
Exploratory Aim#2: To examine the impact of plasma nicotine levels and rate of nicotine 
metabolism (measured by plasma hydroxy cotinine/cotinine ratio) on the dose-effect curves for 
the main study outcomes.  
Exploratory Aim#3: To examine sex differences for the main study outcomes. 
 
5. Background: 
Nicotine control policies to reduce the addictive potential of tobacco products:  
Benowitz and Henningfield (1) proposed that the gradual reduction of nicotine in cigarettes to an 
amount below the addiction threshold could prevent the development of nicotine addiction 
among young smokers. The Benowitz and Henningfield proposal and its subsequent appraisal 
by the American Medical Association Council on Scientific Affairs (6) have provided the 
foundation for the current nicotine control approaches being considered by the FDA (7). More 
recently, Shihadeh and Eissenberg made a similar proposal for minimizing the potential risks of 
using EC (2). After considering several EC variables including liquid composition, puff behavior 
and electrical power, they focused on nicotine flux, the rate of nicotine delivery, as the key factor 
in determining the abuse potential of a given EC. Accordingly, an EC yielding no nicotine flux 
will not maintain usage. In contrast, an EC with high nicotine flux may have high addictive 
potential and lead to negative health effects. If the nicotine flux does not produce dependence 
but is sufficient to attenuate craving for cigarettes and withdrawal symptoms among those that 
are already dependent, the product may have limited abuse potential while retaining potential 
benefits (e.g. as a smoking cessation aid). In the “nicotine flux” model, the delivery rate of 
nicotine, rather than the amount of nicotine in the products, is more likely to reflect the addictive 
potential of the product. The proposed central role of nicotine flux in determining the addictive 
potential of nicotine remains to be tested in controlled human studies.  
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Policies to reduce the addictive potential of tobacco product would be strengthened if the 
thresholds for nicotine’s addictive properties were empirically defined by carefully controlled 
studies. 
Influence of menthol on nicotine sensitivity 
A large body of evidence supports the potential impact of menthol in facilitating the initiation of 
cigarette smoking (34). However, menthol’s effects on nicotine’s reinforcing and addictive 
properties are not well understood. Preclinical studies reported that menthol has inhibitory 
effects on α7, α3β4 and α4β2*nAChR subtypes (35-37), although menthol may also enhance 
nicotine’s reinforcing effect (38). To better understand the potential contribution of menthol to 
nicotine’s addictive effects, we examined if menthol administered by inhalation via an e-cigarette 
would change the subjective effects of nicotine administered intravenously in menthol and non-
menthol preferring smokers (See Preliminary Studies). We found that menthol produces minimal 
positive subjective effects, alone or in combination with nicotine. However, menthol-preferring 
smokers, compared to non-menthol preferring smokers, had diminished positive subjective 
responses to IV nicotine, and had less severe tobacco withdrawal following overnight 
abstinence. In addition, mentholated cigarette smoking was also associated with a lower 
nicotine metabolite ratio (NMR), a biomarker for the rate of nicotine metabolism (39, 40). This 
finding is consistent with previous studies demonstrating an inhibitory effect of menthol on 
nicotine metabolism (40, 41). A slower rate of nicotine metabolism, as assessed by a lower 
NMR, is associated with lower urges to smoke and less severe withdrawal symptoms following 
nicotine deprivation, and reduced positive subjective effects to IV nicotine (42, 43). Thus, the 
impact of menthol on nicotine’s addictive effects may be partly due to menthol’s inhibition of 
nicotine metabolism and this effect seems to be reversible after switching from menthol to non-
menthol cigarettes (41). In a carefully conducted study with menthol smokers, switching to non-
menthol cigarettes for one week, compared to a menthol-cigarette condition, was associated 
with  an increased rate of nicotine metabolism (41). Together, these findings support the 
modulatory effects of menthol on the abuse liability and addictive effects of nicotine. Whether 
menthol-cigarette smoking affects the sensitivity for nicotine delivery rate has not been 
determined. Similarly, it has not been examined whether switching from menthol to non-menthol 
cigarettes changes sensitivity to nicotine’s effects. This is an important knowledge gap given the 
widespread use of menthol in both tobacco cigarettes and e-cigarettes. The current study will 
address these questions by systematically examining the impact of nicotine delivery rate in both 
menthol and non-menthol smokers and by examining the impact of delivery rate after switching 
from menthol to non-menthol cigarettes. 
 
Preliminary Studies: 
 
Menthol’s effects on nicotine reinforcement in smokers [Valentine et al. (49)]. The goals of this 
TCORS project were to determine if menthol administered by inhalation via an e-cigarette would 
change the subjective effects of pure nicotine administered intravenously, and whether these 
effects would be greater in menthol-preferring smokers. A total of 57 menthol-preferring (n=32) 
and non-menthol cigarette smokers (n=25) (44 Male, 13 Female, 25 African-American and 32 
White) were enrolled in this double-blind, placebo-controlled study with 3 test sessions. 
Participants were assigned to a random sequence of three different e-cigarette conditions [0% 
(no menthol), 0.5% (low) or 3.2% (high) menthol] for the 3 test sessions (a different flavor 
condition for each session). In each test session, smokers received a random order of 1 
intravenous delivery of saline, and 2 intravenous deliveries of nicotine (0.25 mg/70 kg and 0.5 
mg/70kg), one hour apart. 
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While menthol did not change the positive subjective effects of nicotine, positive effects were 
found to be dependent on cigarette preference. Compared to menthol-preferring smokers, non-
menthol smokers reported greater positive subjective responses to IV nicotine (Figure 1), and 
had more severe tobacco withdrawal following nicotine deprivation (Figure 2) and a higher 
nicotine metabolite ratio, a biomarker for a faster rate of nicotine clearance. These findings 
suggest that mentholated cigarette smoking may influence smoking behavior through its effects 
on nicotine reward and severity of tobacco abstinence symptoms. 
 

 
6. Significance: 
The proposed study is relevant to the FDA’s overall authority to regulate the manufacture, 
marketing, and distribution of tobacco products to protect public health. Specifically, the project 
addresses the CTP’s research interest on “understanding the effect of tobacco product 
characteristics on addiction and abuse liability” and “the amounts of nicotine delivered to ENDS 
users during experimentation.” First, although enhanced nicotine delivery rate is a key feature of 
newer e-cigarettes (2-5), no human studies have systematically examined the relationship 
between nicotine delivery rates that are within the range of those achieved by tobacco and e-
cigarettes, and nicotine’s abuse potential vs. beneficial effects. We will address this question by 
using IV nicotine infusion, which closely matches the behavioral effects of inhaled nicotine and 
allows precise control over the dose and delivery rate of nicotine. Thus, by determining the 
impact of nicotine delivery rates, with the correspondent plasma nicotine levels, on the abuse 
potential vs. beneficial effects, this study will provide a benchmark for evaluating the risks from 
new nicotine delivery products. Second, the study will also examine if switching to non-menthol 
cigarettes, as a short-term model of banning menthol cigarettes, will affect the impact of delivery 
rate on nicotine’s addictive vs. beneficial effects. This is a significant goal given the widespread 
use of menthol in tobacco products and its complex interactions with nicotine. Third, this 
application will examine possible sex differences on the impact of nicotine delivery rate on the 
main study outcomes. Systematically generated data on individual differences in responses to 
nicotine delivery rate should be critical to the development of nicotine reduction policies. 
Together, this application will help the FDA in setting benchmarks for nicotine delivery rates that 
minimize the abuse potential of nicotine-delivery products and will also assess the potential 
impact of banning or limiting menthol cigarettes on these benchmarks. 
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7. Subjects: 
Smokers will be recruited from the New Haven area through newspaper, and radio 
advertisements and fliers. The study will be described over the telephone. Subjects will be given 
a brief tobacco use history and medical screening questionnaire. Eligible subjects will be invited 
to a screening evaluation. The screening evaluation will include the following: a) obtaining an 
informed consent; b) tobacco use history, the Fagerstrom Test of Nicotine Dependence (FTND) 
and DSM-5 Tobacco Use Disorder (TUD) criteria; c) urine cotinine levels determined with a 
NicAlert test strip; d) complete physical and psychiatric examination including the structured 
clinical interview (SCID) for DSM-5 criteria; e) laboratory examination including CBC, TSH, ALT, 
AST, GGT, alkaline phosphatase, glucose, BUN and creatinine; f) urine analysis for drug 
screening, and for women, urine pregnancy test. 
 
To minimize the risk of COVID-19 transmission, every attempt will be made to conduct the 
screening procedures that do not require in-person interaction, like physical and laboratory 
examination, remotely by video or phone. Consent form and other self-report forms will be 
mailed to the participants before the sessions and they will be asked to return these documents 
when they come to the medical center for screening.    
Inclusion criteria: 1) Female and male smokers, aged 21 to 59 years, who have been smoking 
tobacco cigarettes for at least a year; 2) smoke ≥ 5 and less than 30 cigarettes per day; 3) urine 
cotinine levels > 100 ng/mL consistent with nicotine intake of an active smoker (23); 4) not 
seeking treatment at the time of the study for nicotine dependence; 5) in good health as verified 
by medical history, screening examination, and screening laboratory tests; and 6) for women, 
not pregnant as determined by pregnancy screening, nor breast feeding, and using acceptable 
birth control methods.  
Exclusion criteria: 1) history of major medical or psychiatric disorders that the physician 
investigator deems as contraindicated for the subject to be in the study; 2) regular use of 
psychotropic medication (antidepressants, antipsychotics, or anxiolytics); 3) current alcohol or 
substance dependence for any other recreational or prescription drugs other than nicotine; 5) 
urine drug screening indicating recent illicit drugs use (with the exception of marijuana). 
8: Recruitment:  
Approximately, 50 subjects will be recruited, to have 38 completers. 
9. Research Plan: 
 
A) Measures 

Screening Measures: PATH (Population Assessment of Tobacco Health Study) – we will 
use a subset of Wave 1 items from the PATH to gather demographic data and assess 
tobacco product use history (67). SCID (Structured Clinical Interview for DSM-5) - semi-
structured diagnostic interview for Axis I psychiatric disorders (68). CES-D (Center for 
Epidemiologic Studies Depression Scale) – a 20-item self-report scale of depressive 
symptoms to control for baseline differences in mood state (69). 
Measures of Tobacco Product Use, Urges and Dependence: TLFB (Time Line Follow-
Back) - will be used for monitoring tobacco, alcohol and drug use during the study 
participation (70). FTND (Fagerstrom Test of Nicotine Dependence) - self-report measure 
that assesses severity of nicotine dependence (71). MNWS (Minnesota Nicotine Withdrawal 
Scale) – 8-item scale that assesses DSM-IV symptoms of nicotine withdrawal (72). BQSU 
(Brief Questionnaire on Smoking Urges) –a 10-item scale that reliably reflects levels of 
nicotine deprivation (73).     
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Biomarkers: Plasma and urine cotinine, 3-hyroxycotinine (3HC), and nicotine levels: 
Plasma and urine cotinine levels of these biomarkers will be obtained at screening and 
before each test session to quantify and confirm the prior level of nicotine. During each test 
session, samples for determining plasma nicotine levels will be collected just before, during 
and after nicotine infusion. Consistent with previous studies, both peak nicotine 
concentration and the area under the plasma nicotine concentration time curve (AUC) 
values will be included in the analysis.  
The peak plasma concentrations of nicotine are expected to increase with increasing 
delivery rates of nicotine, as demonstrated in previous studies (28). In contrast, the AUC, 
which will include nicotine levels at time points before, during, and after nicotine delivery, 
reflects the total dose of nicotine independent of the delivery rate (74, 75). 3-hyroxycotinine 
is the main metabolite of cotinine and the ratio of 3HC/cotinine [nicotine metabolite ratio 
(NMR)], reflects the activity of cytochrome P450 (CYP) 2A6 and can therefore be used as a 
correlate of the rate of nicotine clearance (76). The NMR has been shown to be stable in 
smokers during ad lib and reduced smoking (77). Plasma samples for 3HC will be obtained 
at baseline and the NMR will be included as a covariate in our analyses. Urine menthol 
glucuronide (MG): In phase 1 and 2, urine samples will be obtained in the screening visit 
and before each test session to quantify MG levels at baseline and during study 
participation. In study 2, urine samples for MG will also be collected weekly to monitor 
compliance with switching to non-menthol cigarettes. Alveolar carbon monoxide (CO): The 
CO measurement taken before the sessions will help to verify compliance with smoking 
abstinence. Abstinence will be verified with CO or plasma nicotine as recommended by the 
SRNT Subcommittee on Biochemical Verification (56). The CO levels will be subsequently 
confirmed by the baseline nicotine levels, which will also account for all tobacco and nicotine 
product use. Serum estradiol and progesterone analysis (females only): Serum estradiol 
and progesterone levels will be collected before each test session for use as covariates in 
our analysis, since female sex hormones may contribute to sex differences in nicotine 
responses (54). 
 
Drug reinforcement and subjective effects: The MCP (Multiple-Choice Procedure) was 
developed and validated by Roland Griffiths and colleagues as an efficient tool to assess 
drug reinforcement in humans, including nicotine reinforcement (6, 50, 78). For each test 
session (6 total), participants will have choices between forfeiting or receiving escalating 
sums of money on a scale of values between -$20.00 and $20.00, or re-receiving that trial’s 
infusion. The monetary scale will include values at $0.25 increments between $2.00 and -
$2.00 and values at $0.50 increments from $2.00 to $20.00 and from -$2.00 to -$20.00. A 
crossover point, the value at which the participant chooses money rather than infusion, will 
be determined for each session. No additional money or drug infusions will be provided 
based on these choices. DEQ (Drug Effects Questionnaire). Participants will rate on a 100 
mm scale, from "not at all" to "extremely, 10 items that are related to nicotine’s subjective 
effects. The items are 1) feel the “drug strength,” 2) feel “good” drug effects, 3) feel “bad” 
drug effects, 4) like the drug effects, 5) feel high, 6) feel stimulated, 7) feel anxious, 8) feel 
down, 9) want more. This instrument is for a rapid detection of nicotine’s effects and is 
adapted from a VAS (51, 79). Good drug effects and drug liking are items that are 
recommended for the assessment of abuse potential of drugs (10, 80). 
 
Cognitive Performance: CPT (Continuous Performance Test): Cognitive performance will 
be assessed with the continuous performance test (CPT) from the ANAM battery (University 
of Oklahoma): This test was chosen because of its sensitivity to tobacco withdrawal (52, 53). 
CPT assesses sustained attention, concentration, and working memory. For CPT, the main 
outcome measures will be percent correct responses and reaction time (52). 
 
Physiological: Heart rate and blood pressure readings will be taken at intake for 
screening purposes, and during the test sessions to monitor nicotine’s effects.  
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Adverse Events: SAFTEE (Systematic Assessment for Treatment Emergent Events): To 
monitor adverse events from nicotine, the SAFTEE will be administered before and after 
each IV nicotine session. The SAFTEE has been used in a number of pharmacotherapy 
trials (81).  
 

B) Drugs 
Nicotine: administration: Nicotine bitartrate will be obtained from Interchem Corporation, 

Paramus, NJ, and solutions for IV injection will be prepared by U.S. Specialty Formulations, 
Bethlehem, PA. On the morning of each test session, weight-adjusted nicotine and saline 
solutions will be prepared by the West Haven VA research pharmacy. Nicotine and saline will 
be administered using an infusion pump connected to an IV catheter located in a forearm vein. 
We have followed these procedures in our previous studies, which were completed without 
any serious adverse effects attributed to nicotine or other safety concerns. Dr. Sofuoglu holds 
an ITP (Investigational Tobacco Product) for IV nicotine administration. A new ITP application 
has been submitted to the FDA for this project. 
 
In each test session, there will be a total of 3 infusions. Each infusion duration will be 10 minutes 
long, which will be achieved by infusing saline for the reminder of the time following the 2.5- and 
5-minute nicotine infusions. A research nurse, will program 2 infusion pumps to administer 
nicotine or saline solutions. For the 2.5 and 5 min infusion conditions, participants will first receive 
nicotine for 2.5 and 5 minutes, followed by saline infusions. For the saline condition, participants 
will receive saline for 10 minutes. The participants will be blind to the randomization. The order of 
infusions will be: 1) 5-min or 2.5-min nicotine infusion, 2) saline infusion and 5-min or 2.5-min 
infusion. This infusion order was chosen to minimize carry over effects between nicotine 
infusions. Participants will be blind to the order of nicotine infusions. 

Justification for the nicotine doses and infusion rates: The total nicotine dose for each test 
session will be 2 mg/70 kg body weight, a dose within the range of nicotine delivered by 
smoking 1 or 2 tobacco cigarettes or e-cigarettes (21). For safety reasons, the maximum dose 
of nicotine for each infusion will be 1 mg.  The infusion rates will be 0.096 and 0.048 
µg/kg/second over 2.5 and 5 minutes, respectively.  

Menthol and Non-Menthol Cigarettes:  Participants will be provided with free cigarettes in 
Phases 1 and 2 of the study. For the menthol condition, participants will be provided their usual 
brand of menthol cigarettes and for the non-menthol condition, they will be provided a matched-
brand non-menthol cigarette (e.g., Newport Non-Menthol Gold 100s for those who smoke 
Newport Menthol Gold 100s). Participants will be given a two- week supply of their assigned 
cigarettes based on their reported cigarettes per day. If they run out of cigarettes earlier than 
expected, they will be given additional cigarettes not to exceed 20 % higher than the reported 
daily cigarette use. 

Justification for age criteria: The study will enroll young adults between the ages of 21 to 59 
because this age group captures the majority of smokers who smoke menthol cigarettes . 
Limiting enrollment to this age group will also minimize variation in the number of years of 
smoking that can influence measures of dependence, including withdrawal severity. The lower 
age limit is 21 because purchasing cigarettes below this age is illegal in Connecticut. 

 
C) Study procedures  

General procedures: Before the test sessions, smokers will be required to abstain from 
smoking for 10 h, which will be verified by expired air CO levels ≤8 ppm (56). Participants will be 
asked to refrain from consuming alcoholic beverages and drugs during study participation, 
which will be verified by urine drug screening and breathalyzer measurements before the 
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sessions. In our prior studies, the adherence rate with overnight abstinence has been over 95 
percent. If results indicate non-adherence with these study procedures, the session will be 
rescheduled. Repeatedly non-adherent participants will be discharged from the study. 
Participants will be instructed to drink their typical number of caffeinated beverages in the 
morning to minimize caffeine withdrawal that could confound interpretation of study outcomes. 
Participants will be instructed not to eat for 4 hours before the sessions to minimize heartburn or 
nausea that can be associated with IV nicotine administration.  

Medical monitoring: Participants will be given a thorough physical examination prior to study 
entry. For nicotine administration sessions, participants will be attached to a cardiac monitor as 
well as a blood pressure and heart rate monitoring device. An IV catheter for nicotine delivery 
will be in place throughout each test session. Participants will be administered nicotine only if 
the systolic blood pressure is <150 mmHg and heart rate is <90 beats/minute. Participants will 
be terminated from the study if the blood pressure at any time is >170/110 mm Hg, if the heart 
rate is >130 beats/min, or if they develop signs and symptoms consistent with nicotine toxicity. 
We have not encountered any cases of nicotine toxicity in our nicotine infusion studies. These 
study procedures were developed as part of our Investigational Tobacco Product (ITP) 
application to the FDA for IV nicotine. 
Overview of the study: We propose a placebo-controlled study that will recruit male and female 
menthol nicotine dependent smokers. Following screening and evaluation as described above, 
eligible participants will be enrolled in the study which will last about 4 weeks. Eligible, 
participants will be randomized to menthol or non-menthol smoking condition for 2 weeks 
(Phase 1) and then will be switched to the alternative condition for another 2 weeks (Phase 2). 
The smoking condition will be open label. Participants will be provided with free cigarettes in 
Phases 1 and 2. For the menthol condition, participants will be provided their usual brand of 
menthol cigarettes and for the non-menthol condition, they will be provided a matched-brand 
non-menthol cigarette (e.g., Newport Non-Menthol Gold 100s for those who smoke Newport 
Menthol Gold 100s). In week 2 of each Phase, participants will have a test session.  Each 
session will include 3 infusions in the following order: nicotine (1 mg per 70 kg body weight to a 
maximum dose of 1 mg) delivered over 2.5 or 5 minutes, saline delivered over 10 minutes, and 
nicotine (1 mg/ 70kg to a maximum dose of 1 mg) delivered over 2.5 or 5 minutes). For safety 
reasons, the maximum dose of nicotine for each infusion will be 1 mg. The infusion rates will be 
0.096 and 0.048 μg/kg/second over 2.5 and 5 minutes, respectively. Once the participants 
complete the test session, participants will be crossed over to the alternative treatment. The 
period between the 2 Phases will not be longer than one week.  
  

Table 1: Study Overview  
 Study Phases 
Procedures Phase 1 (Days 0 to 14) Phase 2 (Day 0 to 

14) 
Smoking assignment Menthol vs. Non-

Menthol* 
Menthol vs. Non-
Menthol 

Phone Check-ins Daily (Days 1 to 14) Daily (Days 1 to 14) 
Outpatient Visits Day 1  Day 1 
Test Sessions (IV 
nicotine infusion) 

1 session (between Days 
8 to 14) 

1 session (between 
Days 8 to 14) 

*Menthol cigarettes will be their preferred menthol cigarettes. Non-Menthol will be a brand 
matched non-menthol cigarettes. 
 

Daily Phone Check-in Measures: Participants will receive daily phone calls in Phase 1 and 
Phase 2 to assess: 1) the number of cigarettes smoked of the cigarettes provided to the 
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participants and the number of other cigarettes smoked each day, and 2) other tobacco product 
use including e-cigarettes and other product types.  

Outpatient Visits: Participants will have an outpatient visit on the first day of Phases 1 and 2. 
Participants will be provided the assigned cigarettes and the following measures will be 
collected: CO, urine cotinine, urine menthol glucuronide, BQSU, MNWS, heart rate/blood 
pressure and SAFTEE.  

 
Adherence: Adherence to use of the assigned cigarettes during the 2 Phases of the study 

will be closely monitored using multiple measures. First, participants will report the total number 
of cigarettes consumed each day. Second, urine samples will be obtained for menthol 
glucuronide levels, to quantify menthol intake during each phase of the study. To reduce the 
impact of other mentholated products on the total menthol intake, participants will be provided 
non-menthol toothpaste and will be instructed to avoid using typical menthol-containing 
products. Lastly, participants will be paid for completing the daily assessments in a timely 
manner.   

Test Session: The schedule of events during the test sessions is shown in Table 2. The 
sessions will begin around 8 AM, following overnight nicotine abstinence. Before the session 
begins, participants will have two indwelling catheters placed in antecubital veins, one for 
administering infusions and one for collecting blood samples. A blood sample will be drawn prior 
to the first infusion to measure baseline levels of plasma nicotine and menthol glucuronide and 
for women, additional samples for the measurement of estradiol and progesterone levels will be 
collected. Baseline measurements will then be collected including heart rate, blood pressure, 
self-report assessments and cognitive testing. Participants will then receive the assigned infusion 
over a period of ten minutes. Psychometric assessments and blood sampling will then continue 
for the next 120 minutes. Participants will be discharged after evaluation by the study physician. 
Participants will also receive their assigned cigarettes at the end of the session. 

Table 2. Schedule of Events: Test Session* 

Time point 
(min) 

Measures and Events 

Baseline CO, urine and blood samples, HR/BP, M-NWSC, BQSU, SAFTEE, CPT 
0  IV Infusion 1 (nicotine over 2.5 min or 5min) starts 
1  HR, DEQ, plasma nicotine 
3  HR, DEQ, plasma nicotine  
5  HR, DEQ  
6  plasma nicotine 
8  HR, DEQ 

10  IV Infusion 1 ends, HR, DEQ, BQSU, 
12  plasma nicotine  
13  HR, DEQ,  
15 HR, DEQ, plasma nicotine  
18 HR, DEQ  
20 HR, DEQ, plasma nicotine 
25 HR, DEQ, 
30  HR/BP, DEQ, BQSU, CPT, M-NWSC, MCP 
45 HR, DEQ, BQSU, M-NWSC CPT, plasma nicotine 
60   IV Infusion 2 (Saline) starts 
61  HR, DEQ, plasma nicotine 
63  HR, DEQ, plasma nicotine  
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65  HR, DEQ  
66  plasma nicotine 
68  HR, DEQ 
70  IV Infusion 2 ends, HR, DEQ, BQSU, 
72  plasma nicotine  
73  HR, DEQ,  
75  HR, DEQ, plasma nicotine  
78  HR, DEQ  
80  HR, DEQ, plasma nicotine 
85  HR, DEQ, 
90  HR/BP, DEQ, BQSU, CPT, M-NWSC 
105  HR, DEQ, BQSU, M-NWSC CPT, plasma nicotine 
120  IV Infusion 3 (nicotine over 2.5 min or 5min) starts 
121  HR, DEQ, plasma nicotine 
123  HR, DEQ, plasma nicotine  
125  HR, DEQ  
126  plasma nicotine 
128   HR, DEQ 
130  IV Infusion 3 ends, HR, DEQ, BQSU, 
132  plasma nicotine  
133  HR, DEQ,  
135  HR, DEQ, plasma nicotine  
138  HR, DEQ  
140  HR, DEQ, plasma nicotine 
145  HR, DEQ, 
150  HR/BP, DEQ, BQSU, CPT, M-NWSC 
165  HR, DEQ, BQSU, M-NWSC CPT, plasma nicotine 
180  End of session, HR/BP, DEQ, plasma nicotine, M-NWSC, BQSU, SAFTEE, MCP 
190   Discharge  

*Saline infusions will follow each nicotine infusion to maintain a 10-min total infusion time for 
each test session. Abbreviations: CO: Alveolar carbon monoxide; HR/BP: Heart rate/Blood 
pressure; M-NWSC: Minnesota Nicotine Withdrawal Symptom Checklist; BQSU: Brief 
Questionnaire of Smoking Urges; CPT: Continuous Performance Test; DEQ: Drug Effects 
Questionnaire; SAFTEE: Systematic Assessment for Treatment Emergent Events. MCP: Money 
choice procedure. 
 

 
7) Statistical analysis and sample size estimates 

Specific Aim #1: To examine if switching from menthol to non-menthol cigarettes will change 
the dose-effect curves for positive subjective effects and alleviation of smoking urges as a 
function of nicotine delivery rate.   

Positive subjective effects of nicotine will be assessed with the “Like the Drug Effects” and 
“Good Drug Effects” items from the DEQ, consistent with the FDA Guidance on abuse potential 
assessment (10). These items have been shown to correlate with the abuse potential of drugs 
of abuse. Effects will be tested using linear mixed effects models with peak change on each 
DEQ item as a response variable, cigarette-assignment (menthol vs. non-menthol), phase (1 
vs.2) and nicotine delivery condition as within-subject factors and their interaction. Random 
effects for subject and condition within subject will be used to account for correlations between 
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repeated measures. Because of the potential skewed distributions of the subjective effects data, 
transformations will be applied as necessary. We will evaluate the main and interactive effects 
of cigarette assignment and delivery rate. We anticipate statistically significant main effects of 
cigarette assignment, nicotine delivery rate and a significant interaction between cigarette 
assignment and nicotine delivery rate. To better understand the dose effects of nicotine delivery 
rate and whether they are moderated by cigarette assignment, we will construct specific 
contrasts among the four doses to test whether there is an indication of significant linear, 
quadratic, linear on log-scale or sigmoidal dose-response relationships across, or within 
menthol-preference groups. The possible dose-response curves identified by the specific mean 
contrasts will be compared by fitting linear and non-linear (as necessary) dose-response models 
with continuous dose and selecting the best-fitting model by the Akaike’s Information Criterion 
(AIC). To test for an effect of delivery rate on smoking urges, assessed by the BQSU (Factor 1 
and 2) scores, we will use similar modeling approach described for subjective effects, but we 
will also include time as a within-subject factor with outcomes for minute 0, 10, 30, 60 and 120. 
We anticipate a significant main effect of menthol-preference, nicotine delivery rate and 
potentially a significant interaction between cigarette assignment and nicotine delivery rate.  

Exploratory Aim#1: To explore the dose-effect curves of nicotine delivery rate for a) 
reinforcement (assessed with the Multiple-Choice Questionnaire), b) heart rate and blood 
pressure, and c) tobacco withdrawal severity, assessed with self-report symptoms and cognitive 
performance.  

The primary outcome for the analysis of reinforcement will be the crossover point 
determined by the monetary choice procedure for the four infusion conditions. The crossover 
point is the monetary value at which a subject chooses money over receiving the infusion for 
that condition. It is a continuous measure (dollar amount) from -20 to +20 with values > $0 
indicating reinforcement. Tobacco withdrawal severity is measured by the MNWS and CPT 
taken at 0, 30, 60 and 120 min after the beginning of infusion. The models will be similar to the 
one described for Specific Aim #1 with time as an additional within-subject factor for heart rate, 
blood pressure and tobacco withdrawal severity. 

Exploratory Aim#2: To examine the impact of plasma nicotine levels and rate of nicotine 
metabolism (measured by plasma hydroxy cotinine/cotinine ratio) on the dose-effect curves for 
the main study outcomes.  

To address this aim, we will use a similar mixed model approach to the one described for 
specific aim #1. For plasma nicotine levels, we will include peak plasma and area under the 
curve (AUC) nicotine plasma concentration as a continuous predictor instead of nicotine delivery 
condition in separate mixed models. The AUC will be calculated using the nine nicotine 
concentrations collected across the 120-minute sampling period.  

For the rate of nicotine metabolism, the plasma hydroxy cotinine/cotinine ratio will be 
included as a continuous predictor in the model. 

Exploratory Aim#3: To examine sex differences for the main study outcomes. 
To evaluate whether sex moderates’ menthol and nicotine delivery rate effects we will add 

sex as an additional factor in all models above.  
Rationale for sample size: With 30 individuals, the study will have over 80% power to detect 
large effect sizes (f=0.4) for the comparisons of the menthol and non-menthol conditions (f=0.6 
or higher) on alleviation of the subjective effects and similarly large effect sizes for the 
interaction between condition and nicotine delivery rate (f=0.65 or higher) at Bonferroni-adjusted 
level of 0.025. To account for 20% dropout, we will recruit approximately 38 subjects. 
  
11. Risks and benefits: 
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Potential risks 
There are potential risks, discomforts and inconveniences associated with the participation in 
this study. These may be due to nicotine administration, blood drawing, and other study 
procedures. 
1) The administration of nicotine may cause cardiovascular, autonomic, and gastrointestinal 
complications. Large doses of nicotine may cause nausea, vomiting, abdominal pain, 
hypersalivation, diarrhea, dizziness, confusion, hearing and vision problems, syncope, seizures, 
hypotension, irregular pulse, and death. However, these toxic effects occur at doses 10-20 
times that which will be used in our study.  Other potential risks from this study include 
administering a drug that has addictive potential. However, since only subjects with a history of 
cigarette use are to be included, we will not be exposing subjects to the risks of nicotine for the 
first time. Additionally, we are not enrolling subjects who are seeking treatment to quit smoking. 
Over the last 5 years, we have administered nicotine intravenously to more than 100 smokers 
and have not encountered any adverse events from nicotine. 
2) Blood Drawing: Subjects will have less than 300 ml of blood drawn as a result of their 
participation in the study. Blood drawing can cause some pain and may result in bruising.  
3) Study procedures: On the test days, subjects will not be able to smoke for 10 hours. During 
this cigarette abstinence period, subjects may experience symptoms of nicotine withdrawal such as 
craving cigarettes, mild anxiety, restlessness, irritability, difficulty concentrating, loss of energy, and 
excessive hunger.     
4) Protection of Subjects: To participate in a study, each subject must give informed consent. All 
potential risks will be described in detail to the subjects in the consent form. The personnel 
conducting the test sessions have been certified in either Advance Cardiac Life Support (ACLS) 
or Basic Life Support. If a problem arises, the subject will be treated immediately. Confidentiality 
in this study is of the utmost importance to us. All information obtained will be stored in coded 
form. The names of the subjects will be used in hospital records.   
 
 
12. Safety 
Prior to initiating any research activity, each subject must give informed consent. Before the 
study, the subjects will be informed about all potential risks of the study. Our inclusion and 
exclusion criteria will be applied by experienced professionals who will be carefully trained and 
monitored to accept only appropriate subjects into the study. Thus, effective screening will 
exclude subjects who would be placed at a greater risk. Eligibility is determined by the medical 
and psychiatric history, drug use history, the physical examination, and the laboratory studies 
done prior to beginning this research protocol. 
For nicotine administration sessions, a physician or a nurse will be present. Subjects will be 
attached to a cardiac monitor as well as a blood pressure and heart rate monitoring device. Two 
IV catheters will be in place in each arm throughout the session. Subjects will be administered 
nicotine only if the systolic blood pressure is <150 mmHg and heart rate is < 90 beats/minute. 
Subjects will be terminated from the study if the blood pressure at any time is >170/110 mm Hg, 
the heart rate is > 130 beats/min, or if they develop signs and symptoms compatible with 
nicotine toxicity. Subjects will remain at the test session site (Biostudies unit, 9th floor - Bldg.1, 
VA Medical Center, West Haven) for at least an hour after the last nicotine administration. 
These procedures have been developed as part of our Investigational Tobacco Product (ITP) for 
IV nicotine.  
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Confidentiality will be protected by having records identified by code number only with the 
master list including names kept in a sealed envelope in a locked file in the Principal 
Investigator's office and by the pharmacy. Subjects will be given telephone numbers to call in 
case of emergency, 24 hours a day.    
12.1 Potential benefits of the proposed research to the subjects and others.  There will be 
no direct benefit to subjects participating in this study. However, subjects will receive complete 
medical and psychological evaluation. Cigarette smokers will be given anti-smoking literature 
and treatment resources will be provided for smoking cessation.  
12.2 Importance of the knowledge to be gained. This proposed study may help to develop 
new and more effective tobacco control policies. We believe that the risk/benefit ratio for this 
study is acceptable, and that the benefits of the proposed studies outweigh the potential risks to 
subjects.  
12.3 Data safety and monitoring plan: The Principal Investigator will conduct a review of all 
adverse events and determine the attribution and grade of severity of the adverse event by 
using the following scales: 
Attribution of Risk Categories: 

Definite:  Adverse event(s) will clearly be related to investigational agent(s) or other 
intervention 

Probable: Adverse event(s) will likely be related to investigational agent(s) 
Possible:   Adverse event(s) may be related to investigational agent(s) 
Unlikely:  Adverse event(s) will doubtfully be related to investigational agent(s) 
Unrelated: Adverse event(s) will clearly not be related to the investigational agents(s) 

Grades of Risk: 
0: No adverse event or within normal limits 
1:  Mild adverse event 
2:  Moderate adverse event 
3:  Severe adverse event resulting in hospitalization or prolongation of existing 

hospitalization, a persistent or significant disability/incapacity, or a congenital 
anomaly/birth defect  

4:  Life-threatening or disabling adverse event 
5:  Fatal adverse event 

Serious adverse events (SAEs) include any untoward medical occurrence that at any dose 
results in death or the immediate risk of death, hospitalization or the prolonging of an existing 
hospitalization, persistent or significant disability/incapacity or a congenital anomaly/birth defect. 
Subjects will be terminated from participation if the investigator feels that subjects' health or 
well-being may be threatened by continuation in the study. Serious unanticipated and 
anticipated adverse events will be reported within 48 hours to the VA Hospital and Yale IRB, 
and NIDA. We will directly report to the FDA, whenever their magnitude or frequency exceeds 
expectations.   
The risk associated with participating in this study is moderate, because nicotine administered 
may be associated with mild side effects. Serious adverse effects associated with nicotine 
infusion are not expected.  
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This project will be monitored by a Data and Safety Monitoring Board (DSMB) because the 
study involves double-blind treatment of smokers with nicotine. This board is composed of 
persons not otherwise affiliated with the clinical study who are experienced in various aspects of 
the conduct of clinical trials for the treatment of addictive disorders. The Yale TCORS 
Independent Data Safety Monitoring Board includes experts in the field of tobacco use behaviors 
and challenge studies (Chair: Dr. Tony George, FRCPC, Professor and Co-Director, Division of 
Brain and Therapeutics, Dept. of Psychiatry, U of Toronto; Dr. Thomas Brandon, Professor and 
Chair, Department of Health Outcomes & Behavior, H. Lee Moffitt Cancer Center & Research 
Institute) and statistics (Dr. Hanga Galfalvy, Associate Professor of Biostatistics, Columbia 
University). The members of the DSMB and all study Investigators will complete Conflict of 
Interest forms created by Yale’s IRB in accordance with NIH guidelines. 
In order for the DSMB to fulfill its mission of assuring the safety of human subjects and the 
scientific integrity of the studies conducted, the Board will have access to accumulating study 
outcome data in a manner that will protect its confidentiality and preserve its statistical integrity. 
The Board will examine accumulating data to assure that the risks and benefits of participation 
remain acceptable and that the results of the study will be considered scientifically reliable. The 
conditions under which the Board will examine this data are described below. This monitoring 
will be consistent with NIH policy regarding the protection of human subjects in research, and 
FDA guidance on statistical practices for clinical trials (ICH E9) and good clinical practices (ICH 
E6). In general, the data to be reviewed will include screening data, baseline data, efficacy data, 
and safety data.   
The study will be monitored for safety in an ongoing way as well as three times each year 
formally by the DSMB.  The P.I. will attend an initial part of this meeting to present the study’s 
adverse events and ongoing subject accrual, as well as any potential study design changes 
under consideration.  The remainder of the meeting will not include any direct study personnel 
until the end of the meeting, when the DSMB will convey directly to the P.I. any safety or study 
conduct concerns, as well as requests for potential interim analyses.    
Following each DSMB meeting written minutes will be prepared and distributed summarizing 
any recommendations. These written reports will insure timely communication with the study P.I. 
with preparation of any protocol amendments necessary. After each DSMB meeting, this written 
report will describe all recommendations including additional safety steps.  
The FDA adverse drug experience reporting timelines will be utilized as timelines to disseminate 
feedback from the DSMB to the principal investigator and sub investigators. That is, three days 
for acute circumstances and ten days for non-acute circumstances.  
 
13. Informed consent: Subjects will be recruited from the New Haven area by newspaper 
advertisements and fliers. Interested subjects will be informed about the study over the 
telephone and asked for current use of drugs and medical problems. If subjects are interested, 
they will then come into the clinic for a full screening evaluation. Upon arrival, a research 
assistant will review the detailed consent form and will ask questions to make sure that the 
subjects understand the procedure and their rights and informed consent will be obtained.   
14. Information Security/Confidentiality: Confidentiality in this study is of the utmost 
importance to us. All information obtained will be stored in coded form. 
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Personally identifiable information (PII) and protected health information (PHI) that is obtained 
from subjects or about them will be protected by the research team who will follow all guidance 
provided in the following VHA HANDBOOKS and DIRECTIVE: 

 
• VHA HANDBOOK 1605.1, PRIVACY AND RELEASE OF INFORMATION Dated May 

17, 2006 
 

• VHA HANDBOOK 1907.01, HEALTH INFORMATION MANAGEMENT AND HEALTH 
RECORDS Dated August 25, 2006 

 
• VHA HANDBOOK 6500, INFORMATION SECURITY PROGRAM Dated September 18, 

2007 
 

• MEMORANDUM FOR UNDER SECRETARIES, ASSISTANT SECRECTARIES AND 
OTHER KEY OFFICIALS, SUBJECT: Protecting Information Security and Privacy Dated 
February 27, 2009 

 
• VHA HANDBOOK 1200.12, USE OF DATA AND DATA REPOSITORIES IN VHA 

RESEARCH Dated March 9, 2009 
 
All data collected will be the property of the Department of Veterans Affairs whether in paper or 
electronic form and will be secured utilizing the following methods: 
 
Paper:  

• All paper documents will be stored on VA property unless authorized by the Director, 
Information Security Officer, and Privacy Officer in writing.  

• All paper documents will be locked in an approved file cabinet with only members of the 
research team having access.  

 
Electronic: 

• All information in electronic form will be stored on VA servers behind the VA firewall. 
• All portable media will meet or exceed FIPS 140-2 compliance and encryption. And will 

be approved in writing by the Information Security Officer.  
 
The location(s) where information will be stored is (are) Building 35, rooms 19 and 39 
The people or agencies that will have access to the information are the study investigators. 
 
No information related to this research will be released to any third party or disclosed outside of 
the VHA – except as required or permitted by law. 
 
 
Research records will have identifiers removed and will be stored with a code number linked to 
subjects.  The code will not be derived from any personal identifiers.  The key to the code will be 
kept in a locked file cabinet, located in Bldg. 35, room 19. Subjects’ identity will not be revealed 
in any reports or publications resulting from this study. 
15. Location of Study: This study will be conducted in Ward G9W (the Biostudies Unit) located 
in Building 1 and in Bldg. 36 room 116 at the West Haven VA Medical Center. 
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16. Payment: Subjects will be paid cash; $30 for participating in the screening, $5.00 per phone 
call for approximately 28 phone calls, $40 for each of the 2 outpatient visits and $200 for each of 
the first test sessions and $250 for the second  test session. In addition, to help offset 
transportation costs, subjects will be paid $40 for each of the 2 test sessions. If the subject is 
asked to return in addition to these visits for any reason, they will be paid $20 for travel. If the 
subjects choose to terminate a session prematurely, or a session is terminated early for medical 
reasons, they will receive full payment for that day. If they become ineligible to continue in the 
study due to non-compliance with study procedures, they will only be paid for the portions of the 
study in which they have participated. Subjects may be paid up to $700.00 if all parts of the 
study are completed. Payment may exceed $700.00 if the subject is asked to return in addition 
for any reason. The payment will increase by $20 for each additional visit. 

Visits Amount paid Total  

Screening Visit $30.00 $30.00 

Phone checks  $5.00 per phone call or 
message 

28 phone calls= $140.00 

Outpatient visits  $40.00 each visit  2 outpatient visits: $80.00 

Test sessions  $200.00 for the first test 
session 
$250.00 for the next test 
sessions 

$200.00 for first Test session  
$250.00 for next Test session 
= $450 

Travel to test sessions 40.00 for each test session Travel to 2= $80.00 

  Max Total: $780.00 

If subject is asked to return 
for additional testing or visit  

$20 for travel  $20.00 

 
 
17. Funding Source: An R03 DA043004-01 grant from NIDA (pending). 
18. Duration: The entire study will take approximately 2 years to complete. 
 
 
 
 
 
 
 
 
 
 
    



Mehmet Sofuoglu, M.D., Ph. D            
VA CT Healthcare Version           MS060 

 Page 17 
v. 6.16.2023 

19. References: 
1. Shihadeh A, Eissenberg T. Electronic cigarette effectiveness and abuse liability: 
predicting and regulating nicotine flux. Nicotine Tob Res. 2015;17(2):158-62.   
2. Farsalinos KE, Spyrou A, Tsimopoulou K, Stefopoulos C, Romagna G, Voudris V. 
Nicotine absorption from electronic cigarette use: comparison between first and new-generation 
devices. Scientific reports. 2014;4. 
3. Ramoa CP, Hiler MM, Spindle TR, Lopez AA, Karaoghlanian N, Lipato T, Breland AB, 
Shihadeh A, Eissenberg T. Electronic cigarette nicotine delivery can exceed that of combustible 
cigarettes: a preliminary report. Tob Control. 2016;25(e1):e6-9.   
4. Spindle TR, Breland AB, Karaoghlanian NV, Shihadeh AL, Eissenberg T. Preliminary 
results of an examination of electronic cigarette user puff topography: the effect of a 
mouthpiece-based topography measurement device on plasma nicotine and subjective effects. 
Nicotine Tob Res. 2015;17(2):142-9.   
5. Schroeder MJ, Hoffman AC. Electronic cigarettes and nicotine clinical pharmacology. 
Tobacco control. 2014;23(suppl 2):ii30-ii5. 
6. Griffiths RR, Troisi JR, Silverman K, Mumford GK. Multiple-choice procedure: an efficient 
approach for investigating drug reinforcement in humans. Behav Pharmacol. 1993;4(1):3-13. 
7. Benowitz NL, Henningfield JE. Establishing a nicotine threshold for addiction. The 
implications for tobacco regulation. N Engl J Med. 1994;331(2):123-5. PubMed PMID: 7818638. 
8. Hatsukami DK, Perkins KA, Lesage MG, Ashley DL, Henningfield JE, Benowitz NL, 
Backinger CL, Zeller M. Nicotine reduction revisited: science and future directions. Tobacco 
control. 2010;19(5):e1-10. doi: 10.1136/tc.2009.035584.   
9. Romach MK, Schoedel KA, Sellers EM. Human abuse liability evaluation of CNS 
stimulant drugs. Neuropharmacology. 2014;87:81-90. 
10. Food and Drug Administration (FDA). Guidance for industry assessment of abuse 
potential of drugs. US Department of Health and Human Services. 2017. 
11. de Wit H, Bodker B, Ambre J. Rate of increase of plasma drug level influences 
subjective response in humans. Psychopharmacology (Berl). 1992;107(2-3):352-8.   
12. Marsch LA, Bickel WK, Badger GJ, Rathmell JP, Swedberg MD, Jonzon B, Norsten-
Hoog C. Effects of infusion rate of intravenously administered morphine on physiological, 
psychomotor, and self-reported measures in humans. J Pharmacol Exp Ther. 
2001;299(3):1056-65.   
13. Wakasa Y, Takada K, Yanagita T. Reinforcing effect as a function of infusion speed in 
intravenous self-administration of nicotine in rhesus monkeys. Nihon shinkei seishin yakurigaku 
zasshi = Japanese journal of psychopharmacology. 1995;15(1):53-9.   
14. Wing VC, Shoaib M. Effect of infusion rate on intravenous nicotine self-administration in 
rats. Behav Pharmacol. 2013;24(5-6):517-22. Epub 2013/08/03. doi: 
10.1097/FBP.0b013e3283644d58. PubMed PMID: 23907378. 
15. Samaha AN, Yau WY, Yang P, Robinson TE. Rapid delivery of nicotine promotes 
behavioral sensitization and alters its neurobiological impact. Biol Psychiatry. 2005;57(4):351-
60.   
16. Henningfield JE, Keenan RM. Nicotine delivery kinetics and abuse liability. Journal of 
consulting and clinical psychology. 1993;61(5):743-50.   



Mehmet Sofuoglu, M.D., Ph. D            
VA CT Healthcare Version           MS060 

 Page 18 
v. 6.16.2023 

17. Norton KJ, June KM, O'Connor RJ. Initial puffing behaviors and subjective responses 
differ between an electronic nicotine delivery system and traditional cigarettes. Tobacco induced 
diseases. 2014;12(1):17. Epub 2014/10/18. doi: 10.1186/1617-9625-12-17.   
18. Rose JE, Behm FM, Westman EC, Coleman RE. Arterial nicotine kinetics during 
cigarette smoking and intravenous nicotine administration: implications for addiction. Drug 
Alcohol Depend. 1999;56(2):99-107.  . 
19. Rose JE, Mukhin AG, Lokitz SJ, Turkington TG, Herskovic J, Behm FM, Garg S, Garg 
PK. Kinetics of brain nicotine accumulation in dependent and nondependent smokers assessed 
with PET and cigarettes containing 11C-nicotine. Proc Natl Acad Sci U S A. 2010;107(11):5190-
5.   
20. Talih S, Balhas Z, Eissenberg T, Salman R, Karaoghlanian N, El Hellani A, Baalbaki R, 
Saliba N, Shihadeh A. Effects of user puff topography, device voltage, and liquid nicotine 
concentration on electronic cigarette nicotine yield: measurements and model predictions. 
Nicotine Tob Res. 2015;17(2):150-7.   
21. St Helen G, Havel C, Dempsey DA, Jacob P, 3rd, Benowitz NL. Nicotine delivery, 
retention and pharmacokinetics from various electronic cigarettes. Addiction (Abingdon, 
England). 2016;111(3):535-44.   
22. Farsalinos KE, Romagna G, Tsiapras D, Kyrzopoulos S, Voudris V. Evaluation of 
electronic cigarette use (vaping) topography and estimation of liquid consumption: implications 
for research protocol standards definition and for public health authorities' regulation. Int J 
Environ Res Public Health. 2013;10(6):2500-14.   
23. Behar RZ, Talbot P. Puffing topography and nicotine intake of electronic cigarette users. 
PloS one. 2015;10(2):e0117222. 
24. Goniewicz ML, Knysak J, Gawron M, Kosmider L, Sobczak A, Kurek J, Prokopowicz A, 
Jablonska-Czapla M, Rosik-Dulewska C, Havel C, Jacob P, 3rd, Benowitz N. Levels of selected 
carcinogens and toxicants in vapour from electronic cigarettes. Tob Control. 2014;23(2):133-9. 
doi: 10.1136/tobaccocontrol-2012-050859.   
25. Hoffmann D, Wynder EL. Chemical constituents and bioactivity of tobacco smoke. IARC 
Sci Publ. 1986(74):145-65. PubMed PMID: 3623665. 
26. Kosmider L, Sobczak A, Fik M, Knysak J, Zaciera M, Kurek J, Goniewicz ML. Carbonyl 
compounds in electronic cigarette vapors: effects of nicotine solvent and battery output voltage. 
Nicotine Tob Res. 2014;16(10):1319-26.   
27. Goniewicz ML, Kuma T, Gawron M, Knysak J, Kosmider L. Nicotine Levels in Electronic 
Cigarettes. Nicotine & Tobacco Research. 2013;15(1):158-66. doi: 10.1093/ntr/nts103.   
28. Mello NK, Peltier MR, Duncanson H. Nicotine levels after IV nicotine and cigarette 
smoking in men. Exp Clin Psychopharmacol. 2013;21(3):188-95. Epub 2013/05/08. doi: 
10.1037/a0031799.   
29. Goodwin AK, Hiranita T, Paule MG. The Reinforcing Effects of Nicotine in Humans and 
Nonhuman Primates: A Review of Intravenous Self-Administration Evidence and Future 
Directions for Research. Nicotine Tob Res. 2015;17(11):1297-310. doi: 10.1093/ntr/ntv002.   
30. Harvey DM, Yasar S, Heishman SJ, Panlilio LV, Henningfield JE, Sr G. Nicotine serves 
as an effective reinforcer of intravenous drug-taking behavior in human cigarette smokers. 
Psychopharmacology (Berl). 2004;175(2):134-42. doi: 10.1007/s00213-004-1818-6.   
31. Henningfield JE, Miyasato K, Jasinski DR. Cigarette Smokers Self-Administer 
Intravenous Nicotine. Pharmacology Biochemistry and Behavior. 1983;19(5):887-90. doi: Doi 
10.1016/0091-3057(83)90099-0.   



Mehmet Sofuoglu, M.D., Ph. D            
VA CT Healthcare Version           MS060 

 Page 19 
v. 6.16.2023 

32. Sofuoglu M, Yoo S, Hill KP, Mooney M. Self-administration of intravenous nicotine in 
male and female cigarette smokers. Neuropsychopharmacology. 2008;33(4):715-20. Epub 
2007/05/31. doi: 10.1038/sj.npp.1301460. PubMed PMID: 17534380. 
33. Mello NK, Peltier MR, Duncanson H. Nicotine Levels After IV Nicotine and Cigarette 
Smoking in Men. Exp Clin Psychopharmacol. 2013;21(3):188-95. doi: 10.1037/a0031799.   
34. Hersey JC, Nonnemaker JM, Homsi G. Menthol cigarettes contribute to the appeal and 
addiction potential of smoking for youth. Nicotine Tob Res. 2010;12 Suppl 2:S136-46.   
35. Ashoor A, Nordman JC, Veltri D, Yang KH, Al Kury L, Shuba Y, Mahgoub M, Howarth 
FC, Sadek B, Shehu A, Kabbani N, Oz M. Menthol binding and inhibition of alpha7-nicotinic 
acetylcholine receptors. PloS one. 2013;8(7):e67674. Epub 2013/08/13. doi: 
10.1371/journal.pone.0067674.   
36. Hans M, Wilhelm M, Swandulla D. Menthol suppresses nicotinic acetylcholine receptor 
functioning in sensory neurons via allosteric modulation. Chem Senses. 2012;37(5):463-9.   
37. Ton HT, Smart AE, Aguilar BL, Olson TT, Kellar KJ, Ahern GP. Menthol enhances the 
desensitization of human α3β4 nicotinic acetylcholine receptors. Molecular pharmacology. 
2015;88(2):256-64. 
38. Biswas L, Harrison E, Gong Y, Avusula R, Lee J, Zhang M, Rousselle T, Lage J, Liu X. 
Enhancing effect of menthol on nicotine self-administration in rats. Psychopharmacology (Berl). 
2016;233(18):3417-27.   
39. DeVito EE, Valentine GW, Herman AI, Jensen KP, Sofuoglu M. Effect of menthol-
preferring status on response to intravenous nicotine. Tobacco Regulatory Science. 
2016;2(4):317-28. Deposited to PMC, NIHMSID: 877490.  
40. Fagan P, Pokhrel P, Herzog TA, Pagano IS, Franke AA, Clanton MS, Alexander LA, 
Trinidad DR, Sakuma KL, Johnson CA, Moolchan ET. Nicotine Metabolism in Young Adult Daily 
Menthol and Nonmenthol Smokers. Nicotine Tob Res. 2016;18(4):437-46.     
41. Benowitz NL, Herrera B, Jacob P, 3rd. Mentholated cigarette smoking inhibits nicotine 
metabolism. J Pharmacol Exp Ther. 2004;310(3):1208-15.   
42. Sofuoglu M, Herman AI, Nadim H, Jatlow P. Rapid nicotine clearance is associated with 
greater reward and heart rate increases from intravenous nicotine. Neuropsychopharmacology. 
2012;37(6):1509-16. doi: 10.1038/npp.2011.336. PubMed PMID: 22334123. 
43. Falcone M, Cao W, Bernardo L, Tyndale RF, Loughead J, Lerman C. Brain Responses 
to Smoking Cues Differ Based on Nicotine Metabolism Rate. Biol Psychiatry. 2016;80(3):190-7.   
44. Hefner K, Rosenheck R, Merrel J, Coffman M, Valentine G, Sofuoglu M. E-cigarette use 
in veterans seeking mental health and/or substance use services. Journal of dual diagnosis. 
2016;12(2):109-17. 
45. Hefner K, Valentine G, Sofuoglu M. Electronic cigarettes and mental illness: Reviewing 
the evidence for help and harm among those with psychiatric and substance use disorders. The 
American Journal on Addictions. 2017;26(4): 306-315. PubMed PMID: 28152247; PMCID 
(pending). 
46. Jensen KP, DeVito EE, Sofuoglu M. How intravenous nicotine administration in smokers 
can inform tobacco regulatory science. Tobacco Regulatory Science. 2016;2(4):452-63. 
Deposited to PMC, NIHMSID: 877522 
47. Jatlow P, I., Valentine GW, O'Malley SS, Sofouglu M. Plasma Menthol Glucuronide as a 
Biomarker of Acute Menthol Inhalation2017. 
48. Jensen KP, DeVito EE, Valentine G, Gueorguieva R, Sofuoglu M. Intravenous Nicotine 
Self-Administration in Smokers: Dose-Response Function and Sex Differences. 



Mehmet Sofuoglu, M.D., Ph. D            
VA CT Healthcare Version           MS060 

 Page 20 
v. 6.16.2023 

Neuropsychopharmacology. 2016;41(8):2034-40. Epub 2016/01/01. doi: 10.1038/npp.2015.373. 
PubMed PMID: 26717881; PMCID: PMC4908640. 
49. Valentine GW, DeVito EE, Jatlow PI, Gueorguieva R, Sofuoglu M. Effects of Inhaled 
Menthol on the Rewarding Effects of Intravenous Nicotine in Smokers. 2017 (in submission). 
50. Griffiths RR, Rush CR, Puhala KA. Validation of the multiple-choice procedure for 
investigating drug reinforcement in humans. Experimental and Clinical Psychopharmacology. 
1996;4(1):97. 
51. Soria R, Stapleton JM, Gilson SF, Sampson-Cone A, Henningfield JE, London ED. 
Subjective and cardiovascular effects of intravenous nicotine in smokers and non-smokers. 
Psychopharmacology. 1996;128(3):221-6. 
52. Myers CS, Taylor RC, Moolchan ET, Heishman SJ. Dose-related enhancement of mood 
and cognition in smokers administered nicotine nasal spray. Neuropsychopharmacology. 
2008;33(3):588-98.   
53. Heishman SJ, Kleykamp BA, Singleton EG. Meta-analysis of the acute effects of nicotine 
and smoking on human performance. Psychopharmacology. 2010;210(4):453-69. doi: 
10.1007/s00213-010-1848-1.   
54. DeVito EE, Herman AI, Waters AJ, Valentine GW, Sofuoglu M. Subjective, physiological, 
and cognitive responses to intravenous nicotine: effects of sex and menstrual cycle phase. 
Neuropsychopharmacology. 2014;39(6):1431-40. Epub 2013/12/19. doi: 10.1038/npp.2013.339. 
PubMed PMID: 24345818; PMCID: PMC3988546. 
55. Jensen KP, DeVito EE, Valentine G, Gueorguieva R, Sofuoglu M. Intravenous Nicotine 
Self-Administration in Smokers: Dose-Response Function and Sex Differences. 
Neuropsychopharmacology. 2016;41(8):2034-40. Epub 2016/01/01. doi: 10.1038/npp.2015.373. 
PubMed PMID: 26717881; PMCID: PMC4908640. 
56. Benowitz NL, Jacob PI, Ahijevich K, Jarvis MJ, Hall S, LeHouzec J, Lichenstein E, 
Henningfield JE, Tsoh J, Hurt RD, Velicer W. Biochemical verification of tobacco use and 
cessation. Report from the SRNT Subcommittee on Biochemical Verification. Nicotine & 
Tobacco Res. 2002;4:149-59. 
57. Coggins CR, Murrelle EL, Carchman RA, Heidbreder C. Light and intermittent cigarette 
smokers: a review (1989-2009). Psychopharmacology (Berl). 2009. doi: 10.1007/s00213-009-
1675-4.   
58. Shiffman S, Tindle H, Li X, Scholl S, Dunbar M, Mitchell-Miland C. Characteristics and 
smoking patterns of intermittent smokers. Experimental and clinical psychopharmacology. 
2012;20(4):264-77. doi: 10.1037/a0027546.   
59. Trinidad DR, Perez-Stable EJ, Emery SL, White MM, Grana RA, Messer KS. Intermittent 
and light daily smoking across racial/ethnic groups in the United States. Nicotine Tob Res. 
2009;11(2):203-10.   
60. Mathur C, Stigler MH, Erickson DJ, Perry CL, Forster JL. Transitions in smoking 
behavior during emerging adulthood: a longitudinal analysis of the effect of home smoking bans. 
Am J Public Health. 2014;104(4):715-20.   
61. White HR, Bray BC, Fleming CB, Catalano RF. Transitions into and out of light and 
intermittent smoking during emerging adulthood. Nicotine Tob Res. 2009;11(2):211-9.   
62. Hall SM, Humfleet GL, Gorecki JA, Munoz RF, Reus VI, Prochaska JJ. Older versus 
younger treatment-seeking smokers: differences in smoking behavior, drug and alcohol use, 
and psychosocial and physical functioning. Nicotine Tob Res. 2008;10(3):463-70.  



Mehmet Sofuoglu, M.D., Ph. D            
VA CT Healthcare Version           MS060 

 Page 21 
v. 6.16.2023 

63. Perkins KA. Chronic tolerance to nicotine in humans and its relationship to tobacco 
dependence. Nicotine Tob Res. 2002;4(4):405-22.   
64. King BA, Alam S, Promoff G, Arrazola R, Dube SR. Awareness and Ever-Use of 
Electronic Cigarettes Among U.S. Adults, 2010-2011. Nicotine & Tobacco Research. 
2013;15(9):1623-7. doi: 10.1093/ntr/ntt013.   
65. Orlando M, Tucker JS, Ellickson PL, Klein DJ. Concurrent use of alcohol and cigarettes 
from adolescence to young adulthood: An examination of developmental trajectories and 
outcomes. Subst Use Misuse. 2005;40(8):1051-69. doi: 10.1081/JA-200030789.  . 
66. Rodu B, Cole P. Smokeless tobacco use among men in the United States, 2000 and 
2005. Journal of oral pathology & medicine : official publication of the International Association 
of Oral Pathologists and the American Academy of Oral Pathology. 2009;38(7):545-50.   
67. United States Department of H, Human Services. National Institutes of Health. National 
Institute on Drug A, United States Department of H, Human Services F, Drug Administration. 
Center for Tobacco P. Population Assessment of Tobacco and Health (PATH) Study [United 
States] Public-Use Files. Inter-university Consortium for Political and Social Research (ICPSR) 
[distributor]; 2017. 
68. First MB, Williams JB, Karg RS, Spitzer RL. User's Guide for the SCID-5-CV: Structured 
Clinical Interview for DSM-5 Disorders, Clinician Version2016. 
69. Radloff LS. The Use of the Center for Epidemiologic Studies Depression Scale in 
Adolescents and Young-Adults. J Youth Adolesc. 1991;20(2):149-66. doi: Doi 
10.1007/Bf01537606.   
70. Sobell LC, Sobell MB, Leo GI, Cancilla A. Reliability of a timeline method: assessing 
normal drinkers' reports of recent drinking and a comparative evaluation across several 
populations. British journal of addiction. 1988;83(4):393-402.   
71. Heatherton TF, Kozlowski LT, Frecker RC, Fagerstrom KO. The Fagerstrom Test for 
Nicotine Dependence: a revision of the Fagerstrom Tolerance Questionnaire. Br J Addictions. 
1991;86:1119-27. 
72. Hughes JR, Hatsukami D. Signs and symptoms of tobacco withdrawal. Archives of 
general psychiatry. 1986;43(3):289-94. 
73. Tiffany ST, Drobes DJ. The development and initial validation of a questionnaire on 
smoking urges. Br J Addict. 1991;86(11):1467-76.   
74. Benowitz NL, Jacob P, Savanapridi C. Determinants of nicotine intake while chewing 
nicotine polacrilex gum. Clinical Pharmacology & Therapeutics. 1987;41(4):467-73. 
75. Gourlay SG, Benowitz NL. Arteriovenous differences in plasma concentration of nicotine 
and catecholamines and related cardiovascular effects after smoking, nicotine nasal spray, and 
intravenous nicotine. Clin Pharmacol Ther. 1997;62(4):453-63. PubMed PMID: 9357397. 
76. Dempsey D, Tutka P, Jacob P, 3rd, Allen F, Schoedel K, Tyndale RF, Benowitz NL. 
Nicotine metabolite ratio as an index of cytochrome P450 2A6 metabolic activity. Clin 
Pharmacol Ther. 2004;76(1):64-72.  
77. Mooney ME, Li ZZ, Murphy SE, Pentel PR, Le C, Hatsukami DK. Stability of the nicotine 
metabolite ratio in ad libitum and reducing smokers. Cancer epidemiology, biomarkers & 
prevention 2008;17(6):1396-400. doi: 10.1158/1055-9965.epi-08-0242.   
78. Jones HE, Griffiths RR. Oral caffeine maintenance potentiates the reinforcing and 
stimulant subjective effects of intravenous nicotine in cigarette smokers. Psychopharmacology. 
2003;165(3):280-90. 



Mehmet Sofuoglu, M.D., Ph. D            
VA CT Healthcare Version           MS060 

 Page 22 
v. 6.16.2023 

79. Morean ME, de Wit H, King AC, Sofuoglu M, Rueger SY, O'Malley SS. The drug effects 
questionnaire: psychometric support across three drug types. Psychopharmacology (Berl). 
2013;227(1):177-92. Epub 2012/12/29. doi: 10.1007/s00213-012-2954-z. PubMed PMID: 
23271193; PMCID: PMC3624068. 
80. Horton DB, Potter DM, Mead AN. A translational pharmacology approach to 
understanding the predictive value of abuse potential assessments. Behav Pharmacol. 
2013;24(5-6):410-36.   
81. Levine J, Schooler NR. SAFTEE: a technique for the systematic assessment of side 
effects in clinical trials. Psychopharmacology bulletin. 1986;22(2):343-81.   
82. Jensen K, Smith A, Herman A, Farrer L, Kranzler H, Sofuoglu M, Gelernter J. A 
protocadherin gene cluster regulatory variant is associated with nicotine withdrawal and the 
urge to smoke. Molecular psychiatry. 2017;22(2):242-49. PMID: 27067016 PMCID: 
PMC5390815. 
83. Jensen KP, DeVito EE, Herman AI, Valentine GW, Gelernter J, Sofuoglu M. A CHRNA5 
Smoking Risk Variant Decreases the Aversive Effects of Nicotine in Humans. 
Neuropsychopharmacology. 2015;40(12):2813-21. Epub 2015/05/08. doi: 
10.1038/npp.2015.131. PubMed PMID: 25948103; PMCID: PMC4864657. 
84. Benowitz NL, Swan GE, Jacob P, 3rd, Lessov-Schlaggar CN, Tyndale RF. CYP2A6 
genotype and the metabolism and disposition kinetics of nicotine. Clin Pharmacol Ther. 
2006;80(5):457-67. Epub 2006/11/23. doi: 10.1016/j.clpt.2006.08.011. PubMed PMID: 
17112802. 
85. Donny EC, Denlinger RL, Tidey JW, Koopmeiners JS, Benowitz NL, Vandrey RG, 
al’Absi M, Carmella SG, Cinciripini PM, Dermody SS. Randomized trial of reduced-nicotine 
standards for cigarettes. N Engl J Med. 2015;373(14):1340-9. 
86. Mercincavage M, Souprountchouk V, Tang KZ, Dumont RL, Wileyto EP, Carmella SG, 
Hecht SS, Strasser AA. A randomized controlled trial of progressively reduced nicotine content 
cigarettes on smoking behaviors, biomarkers of exposure, and subjective ratings. Cancer 
Epidemiology Biomarkers & Prevention. 2016:cebp. 1088.2015. 
87. Swan GE, Lessov-Schlaggar CN, Krasnow RE, Wilhelmsen KC, Jacob P, 3rd, Benowitz 
NL. Genetic and environmental sources of variation in heart rate response to infused nicotine in 
twins. Cancer Epidemiol Biomarkers Prev. 2007;16(6):1057-64. doi: 10.1158/1055-9965.epi-06-
1093.   


