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Cigarette smoking is a major risk factor for diseases

including cardiovascular disease, lung cancer, and

COPD. One of the key functions of lung epithelial cells

is to serve as a physical barrier against insults including

cigarette smoke. Chronic smoking induces a state of

prolonged inflammation and oxidative stress, resulting

in epithelial barrier disruption, which leads to increased

lung permeability and culminates in tissue damage and

remodeling, contributing to smoking-induced lung

diseases. We evaluated lung barrier function in a single-

center, ambulatory, clinical study. Lung permeability,

measured as the half-life (T1/2) of inhaled 99mTC-DTPA,

was assessed in seventeen subjects consisting of six

Smokers (SMK), five Moist Snuff Consumers (MSC),

and six Non-Tobacco Consumers (NTC). Half time

clearance of 99mTC-DTPA from the lungs was measured

at baseline, and approximately 7 and 14 days later.

Right lung images were captured with a gamma-camera

after inhalation of 99mTC-DTPA. Smokers, relative to

MSC and NTC, exhibited significantly faster clearance

of the inhaled probe (shorter T1/2), indicating increased

lung permeability. NTC and MSC had similar clearance

times of the probe (longer T1/2), suggesting that moist

snuff use does not perturb lung permeability. The

altered lung barrier function in smokers is a contributing

factor to smoking-related diseases such as lung cancer

and COPD. Altered lung barrier function may serve as a

biomarker of potential harm (BoPH) related to tobacco

use.

Lung permeability, a measure of alveolar epithelial

barrier integrity, is a sensitive measure of lung function.

Lung permeability is increased in cigarette smokers

compared to nonsmokers due to compromised alveolar

epithelial barrier integrity [1, 2]. Lung permeability is

reported to improve and to rapidly return to near normal

levels upon smoking cessation [3]. Additionally, emerging

non-combustible tobacco products, such as Electronic

Nicotine Delivery Systems (ENDS), and heat-not-burn

products, are likely to generate fewer and significantly

lower quantities of harmful combustion-related toxicants.

Lung permeability was demonstrated to improve in some

smokers who switched to Eclipse, a heated tobacco

product [4]. The current study evaluated lung

permeability at baseline, and approximately 7 and 14

days later in Smokers (SMK), Moist Snuff Consumers

(MSC), and Non-Tobacco Consumers (NTC).

Primary Objective:

To assess lung permeability as a Biomarker of Potential

Harm.

• This was a single-center, 22-day ambulatory clinical pilot study during which up to 24 healthy adult subjects (including Smokers

[SMK], Moist Snuff Consumers [MSC], and Non-Tobacco Consumers [NTC]) were recruited

• Lung permeability, measured as the half-life (T1/2) of inhaled 99m-Technetium-DiethyleneTriamine Pentaacetic Acid (99mTC-

DTPA), was assessed in seventeen subjects consisting of six SMK, five MSC, and six NTC

• Half time clearance of 99mTC-DTPA from the lungs was measured at baseline, and approximately 7 and 14 days later

• Mean (±SD) lung permeability T1/2 values of SMK, MSC and NTC at each test visit were compared and the t-test was used for

statistical comparisons
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Smoking induced oxidative stress and inflammatory 

responses cause lung injury and increase lung 

permeability leading to the disruption of barrier function

Smokers exhibited faster clearance of radio tracer compared to Moist Snuff and Non-Tobacco 

Consumers

Figure 1. Subjects inhaled 40 mCi of a radio

tracer aerosol over 3 minutes, depositing

approximately 1 mCi into the lungs (effective dose

of approximately 0.3 rem). A series of images was

obtained over 60 minutes, from which the 99mTC-

DTPA T1/2 was calculated.

Right lung images were captured with a gamma

camera after inhalation of 99mTC-DTPA at

indicated times. Smokers exhibited faster

clearance of 99mTC-DTPA compared to MSC and

NTC. The mean lung permeability T1/2 values in

the MSC group are similar to the NTC.

Figure 3. Smoking induces oxidative stress and

proinflammatory responses from direct toxicant exposure.

Proinflammatory responses cause neutrophil migration into

the lungs, exacerbate oxidative stress and inflammation.

These events lead to remodeling of the extracellular matrix

which causes alveolar barrier disruption and injury.

▪ Smoking impacts the integrity of lung epithelia and

consequently, increases lung permeability and lung

injury. Altered lung permeability and lung injury lead to

cellular dedifferentiation and decline in lung function,

which in turn contributes to the pathophysiology of lung

diseases including COPD and lung cancer. Thus, lung

permeability is a useful BoPH for tobacco product

evaluation.

▪ Smokers exhibited faster lung clearance of 99mTC-

DTPA compared to MSC and NTC indicating that

smoking impairs alveolar integrity

▪ The MSC exhibited similar lung clearance rates as

NTC group suggesting that smokeless tobacco has

minimal impact on lung permeability

▪ These results are supported by existing literature that

reports lung permeability is increased in cigarette

smokers compared to non-smokers due to

compromised alveolar epithelial barrier integrity

Lung permeability is higher in Smokers 

compared to Moist Snuff Consumers and 

Non-Tobacco consumers

Table 1. Summary Statistics of Lung 

Permeability T1/2 Value (mins) by Study Visit
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Figure 2. Mean lung permeability T1/2 values in SMK, MSC and NTC measured at baseline, Day 7 and

Day 14. The mean lung permeability T1/2 values for the NTC and MSC cohorts were similar, ranging from

93 to 106 minutes in the NTC cohort and 96 to 107 minutes in the MSC cohort. These values were

statistically significantly higher than the mean T1/2 values for the SMK cohort which ranged from 59 to 66

minutes. Faster lung clearance of the probe in SMK cohort is indicative of increased lung permeability.
1Combined mean is the average of all individual data points from the three visits in each cohort.

Cohort

(n)
Day 1 Day 7 Day 14

Combined 

mean1

(mean ± SD)

SMK (6) 59.2 ± 11.7 65.3 ± 22.0 66.4 ± 29.7 63.4 ± 20.9

MSC (5) 96.4 ± 13.4 107.1 ± 14.8 96.2 ± 18.6 99.4 ± 15.4

NTC (6) 105.3 ± 41.6 92.5 ± 29.5 106.4 ± 28.5 101.4 ± 32.4

SMK vs NTC p < 0.001

SMK vs MSC p < 0.001
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