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Background

• E-cigarette sales in the U.S. were estimated at $3.3 billion in 20151

• Sales expected to grow nearly 50% per year through 20181

• More than 460 different e-cigarette brands currently on the market2

• Over 7,700 unique e-cigarette flavors2

• American youth is the most exposed age group to e-cigarettes.

• E-cigarettes are claimed as a healthier alternative to traditional 
cigarettes, but the toxicological effects are not known.

• Sources: 1K.L Marynak et al. Sales of Nicotine-Containing Electronic Cigarette Products: United States, 2015, AJPH.

• 2Electronic cigarettes in the indoor environment, Chery Marcham, Embry Riddle Aeronautical University



Misleading labeling by e-liquid producers

http://www.luxvapers.com/e-cigarette-liquids/



Examples of available flavors on the market



Commonly used e-liquid flavoring chemicals 

Acetoin

Buttery flavor

Diacetyl
Buttery flavor

2,3 Pentanedione

Buttery/cheesy flavor

Cinnamaldehyde

Cinnamon flavor

O-Vanillin

Vanilla flavor

Maltol

Malt flavorCoumarin

Sweet flavor

Flavors 
imparted by 
flavoring 
chemicals!



Hypothesis
Flavors and flavoring chemicals produce reactive oxygen species (ROS) 
and the exposure to these flavors result in an inflammatory response.

Oxidative stress

E-Cigarette 
Flavorings

Inflammation

Activate NF-κB-driven 
inflammatory 

mediators

ROS

• Bronchiectasis
• Asthma
• Bronchiolitis obliterans
• Chronic Obstructive Pulmonary Disease

Mitochondrial dysfunction.
DNA damage



Cell-free ROS assessment in flavoring chemicals and flavors 

Principle: 2’,7’dichlorofluorescein diacetate (H2 DCF-DA) fluorogenic probe. 

DCFH-DA (non-fluorescent)    DCFH (non-fluorescent)                             DCF (fluorescent)
NaOH OX/ROS

1. Prepare H2O2 standards (0 
though 50 uM)

2. Addition of flavoring chemical 
or bubbling e-liquid aerosol 

(using SciReq InExpose through    
the DCFH solution).

1. Read fluorescence 
(ex 485 nm/em 535 nm)

2. Report OX/ROS as H2O2

equivalents. E-liquid puffing was an adaptation of Behar profile:
One puff/min for 10 minutes, puff duration 2.65 sec.



Flavoring chemicals generate ROS
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• Dose-dependent 
increase in ROS 
levels 



E-Liquids assessed in this study by flavor category

Alcohol Berry Cake Candy Coffee/Tea Fruit Menthol Tobacco

Pineapple 

Coconut

(Ecto)

Cherry

(Smoker’s Choice 

Rochester)

Apple Pie

(Ecto)

Sweet Fishies

(Ecto)

Cafe Royale

(Cyber Liquids)

Mega Melons

(Cuttwod)

Mystery Mix

(Ecto)

American 

Tobacco

(Ecto)

Strawberry

(Smoker’s Choice 

Rochester)

Banana Nut Bread

(Ecto)

Fruit Swirl

(Ecto)

Cafe Latte

(Ecto)

Tangerine

(Smoker’s Choice 

Rochester)

Classic Tobacco

(Vape Dudes)

Cherry

(Ecto)

Cinnamon Roll

(Vape Dudes)

Cotton Candy

(Vape Dudes)

Chai Tea

(Ecto)

Grape Vape

(Vape Dudes)

Marbo

(Upstate Vape)

Very Berry

(Vapor Drops)

Orange 

Creamsicle

(Ecto)

Peaches N Cream

(Drip)

9X Tobacco

(Upstate Vape)

Strawberry Fields

(Vape Dudes)

Grape Jam

(Vape Jam)

Pineapple Express 

(Drip)

Tobacco

(Vapor Drops)

Strawberry Zing 

(Vape Dudes)

Bird Brains

(Cuttwood)

Melon Mania

(Drip)

Berry Intense 

(Drip)

Euphoria

(Cosmic Fog)

Peach

(Ecto)

Plasma

(Ecto)
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Flavors generate ROS

• Mixing flavors resulted in the highest ROS concentration.
• Consecutive flavors are comparable to mixing of flavors.

Fresh Atomizer Used Atomizer Mixed Flavors
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E-cigarette Aerosol Causes Mitochondrial Dysfunction

• Exposure to e-cig aerosol (classic tobacco) significantly increased mtROS level in HFL-1 cells. 
However, mtROS levels decreased with increased duration of exposure.

• Elevated mitochondrial ROS (in red) in e-cig group compared to the Air group (negative 
control). Antimycin A treatment (inhibition of oxidative phosphorylation) as positive control.

Lerner et al ., 2016



Air E-Cig
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E-cigarette Aerosol Causes DNA Damage

• Increased DNA fragmentation (Olive Tail Moment) in HFL-1 cells with increased duration of 
exposure.

• Exposure to classic tobacco e-cig aerosol significantly caused DNA damage.

Lerner et al ., 2016



Flavor chemicals induce IL-8 chemokine in monocytes

• Diacetyl, 
Pentanedione, 
Vanillin, Coumarin, 
and Maltol induced 
IL-8 response.

• Acetoin suppressed 
IL-8 response.

• Acetoin, 
Pentanedione, 
Vanillin showed a 
dose-dependent 
response.
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Flavors induced IL-8 chemokine response in monocytes

• Cinnamon Roll, Café Latte, and Mystery 
Mix induced IL-8 response.

• American tobacco suppressed IL-8 
response.

• Mixing flavors induced IL-8 significantly.
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Flavors induced pro-inflammatory cytokine response

Proteome profiler array on U937 conditioned media

• Cinnamon Roll significantly induced pro-inflammatory cytokine response.
• Cinnamon Roll lowered IL-13 (anti-inflammatory) response.



Summary

•Flavors and flavoring chemicals generate significant ROS levels 
 potential to cause oxidative stress.

•Exposure to e-cig aerosols induce mitochondrial dysfunction 
and DNA damage.

•Flavoring chemicals and flavors induce/augment an 
inflammatory response.

•Mixing e-liquids exacerbate/enhance these responses.



Conclusions 
• Flavors and flavoring chemicals induce an inflammatory response 

mediated by reactive oxygen species.

Oxidative stress

E-Cigarette
Flavors

Inflammation

Activate NF-κB-driven 
inflammatory mediators

ROS
Mitochondrial dysfunction.
DNA damage
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