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Aerosols are very prevalent in today's society (febreeze, spray 
sunscreens, hairsprays and spray deodorants). However, recent research 
has identified benzene and vinyl chloride residues in aerosol products 
(Vrodjack et al., 2021. Guatam et al., 2022. Sugaya et al., 2023). Benzene 
and vinyl chloride have been studied fairly well independently. However,  
no research has been done on the possible synergistic activity of these 
chemicals. Also, no study has been done on if inhaling them in the 
dosage levels present in aerosol products induces apoptosis. We 
performed a novel study to test if benzene and vinyl chloride levels 
present in a single dose of an aerosol  can induce apoptosis in A549 cells. 
We observed that A549 cells subjected to benzene and/or vinyl chloride 
expressed signals of stress, such as, reactive oxygen species production, 
caspase cascade activation, and upregulation of the INOS gene. We also 
observed that benzene and vinyl chloride together had synergistic 
toxicity effects on the A549 cells. 

1. Cultured A549 (from ATCC) cells in 
DMEM medium, incubated at 37 C 
with 5% CO

2

Results

Figure 6 (left). The cells 
were incubated with 
NucView 488 label. 
Caspase 3 that is present 
within apoptotic cells 
cleaves the NucView 488 
label, changing the 
fluorescence. Flow 
cytometry used to detect 
differences. Well H12, 
negative control 
treatment, shows 15.4% 
of the events were with 
the cleaved NucView 488 
label. Well A8, the 
benzene and vinyl 
chloride treatment, 
shows 30.9% of the 
events had the cleaved 
NucView 488 label. 

Figure 4 (above). Plots showing qRT-PCR results for cellular 
stress markers  COX2, ERK, KRAS and INOS in A549 cells 
exposed to all four treatments. Data for ΔΔC

T
 calculations 

are from the threshold (red line) cycle numbers.

Figure 3 (above). Graph showing the ΔΔCt values for COX2, ERK, KRAS, and 
INOS gene expression based on qRT-PCR results when normalized to and 
then subtracted from GAPDH values. Significant differences were not 
observed. However, a trend of upregulation is seen with INOS expression and 
a downregulation of COX2 is seen

Conclusions

2. Treated cells with 0.1 µg/L benzene 
and/ or 0.01 µg/L vinyl chloride for 24 
hours

3. The treated A549  cultures were analyzed for different stress signal 
expression
- 3A.  An ABCAM ROS kit was used to test levels of reactive oxygen 

species. The fluorescent dye was oxidized by intracellular ROS. FLow 
cytometry was utilized to detect the % change in fluorescence. 

- 3B. The SYBR GREEN® qRT-PCR protocol and the Quanta Biosystems 
qScript One-Step Fast Low-Rox qRT-PCR kit was used on RNA that was 
extracted from treated cells and ran through qRT-PCR instrument  to 
detect targets of INOS, COX2, KRAS, and ERK.  50 ng of total RNA were 
used in each reaction. GAPDH was amplified as an internal control.

- 3C. A caspase 3 assay was performed to identify the apoptotic caspase 
cascade. NucView 488 dye fluorescently probed any present caspase 3. 
Flow cytometry was utilized to detect the florence. 

- When treating A549 cells with benzene and vinyl 
chloride together, synergistic levels of ROS are produced.

- When treating A549 cells with benzene and vinyl 
chloride together, a trend of inducing synergistic levels 
of caspase 3 activation is seen.

- When treating A549 cells with benzene and vinyl 
chloride together, a trend of inducing synergistic levels 
of the INOS gene is seen.

- Benzene and vinyl chloride both being present in 
aerosols increases the toxicity of the product.

- One “dose” of an aerosol product contains enough 
benzene and vinyl chloride to induce apoptotic effects in 
A549 cells.

- Some aerosols have been voluntarily recalled, but 
regulations concerning benzene and vinyl chloride 
presence in aerosol products needs to be more strict and 
more products need to be recalled.
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Figure 2 (above). Flow cytometry was done to view the % 
change in fluorescence of the ROS label. Cells that are 
tagged with the oxidized ROS label appear as red events. 
Cells that did not produce ROS are shown as black events. 
The negative control trial showed 4.12% of red events, 
meaning that a low number of cells were producing ROS. 
The ROS inducer PC trial showed 10.8% of red events. The 
B&VC trial showed 21.94% of the events were fluorescent, 
meaning that many more cells (relative to the control) were 
producing ROS after being treated with B&VC. 
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Figure 1 (above). Graph showing the ΔΔ values for Benzene, Vinyl Chloride 
and B&VC treatment averages of % of ROS positive cells (visualized by flow 
cytometry) when normalized to and then subtracted from negative control 
values. The benzene and vinyl chloride treatment was significantly different 
from the control. Furthermore, the benzene treatment and the vinyl chloride 
treatment were significantly different from the B&VC treatment. 

Figure 5 (above). Graph showing the ΔΔ values for a Benzene, Vinyl Chloride 
and B&VC treatment ratios of NucView 488 positive cells/NucView 488 
negative cells when normalized to and then subtracted from negative control 
values.

- Benzene and vinyl chloride residues are being detected in aerosol 
products (Vrodjack et al., 2021. Guatam et al., 2022. Sugaya et al., 
2023)

- Benzene and vinyl chloride can diffuse into our lung epithelial cells 
and induce apoptosis and spread elsewhere through the 
bloodstream.

- Studies have observed the general toxicity of benzene and vinyl 
chloride

- Possible synergistic toxicity between benzene and vinyl chloride 
has yet to be investigated 

- We performed a novel experiment to see if a singular “dose” of an 
aerosol contains enough benzene/vinyl chloride to induce 
apoptosis in A549 cells
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