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Study on the Influence of Environmental Concentration of Ozone on Lung and Skin
Cells by Lipid Analysis
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Ozone, with extremely high oxidative reactivity, is a common environmental
toxicant to the individuals. The respiratory airways and skin tissues are two major organs most
directly exposed to this oxidant pollutants. Ozone is hypothesized to initiate intracellular
oxidative stress and induce the inflammation in the lung and skin through the formation of oxidized
lipids. In the present study, in order to study the lipid oxidation during the exposure to the
low-level ozone, which is similar to the average concentration observed in ambient air, we
successfully establish a novel and sensitive lipid analysis method by high performance liquid
chromatography combined with high-resolution orbitrap tandem mass spectrometry. The ozonized lipids
of the lung surfactants and the lung cells were successfully identified and quantified. It helps us
to further understand the reaction mechanism between the lipid in the lung and the low-level ozone
in the air at a molecular level.
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Ozone is famous for preventing harmful ultraviolet radiation to reach the earth at the high
altitude, but in the ambient air it is a common environmental toxicant to human health, since it
has extremely high oxidative reactivity. The effect of ambient ozone on the human health has
always been ignored due to its low concentration in the air, ca. a few tens of ppb. Plenty of studies
indicated ozone can initiate and aggravate the disease in the lung and the skin, especially in
children and older adults.

Ozone is hypothesized to initiate intracellular oxidative stress and induce the inflammation in
the lung through the formation of lipid peroxidation. Therefore, to analyze oxidized lipids is an
effective way to study the influence of ambient-level ozone on the human lung. However,
previous analysis on the oxidized lipids mainly focused on the detection of the major products by
employing rather high concentrations of ozone (300-2000 ppb). The condition of the high
concentration is easy to operate but has the possibility to miss the potential oxidation products
which may be the important mediator in the bio-system. To profiling all the oxidation products
under a low level of ozone is still an analytical challenge, which requires the development of a
high-sensitive and high-resolution approach with the ability the detect the complex and precise

changes of the lipids during the oxidation reaction.

2. WHEOHK
In this study, we aim to establish a novel liquid chromatography—mass spectrometry (LC/MS)-

based lipid analysis method to detect the oxidized lipid in the pulmonary surfactant and the human
lung cells during the exposure to low level of ozone. We want to answer the questions: for the
lipids present in pulmonary surfactant and lung cells, (1) what kind of oxidized lipid will be
generated (2) how the low-level ozone influences the physical-chemical properties of the lung

surfactant membrane and the biological functions of the lung cell.

3. WEOIE

(1) The novel LC/MS-based analysis method was established by using a high-performance liquid
chromatography combined with high-resolution orbitrap tandem mass spectrometry (HPLC-
Orbitrap MS).

(2) The lung surfactant membrane was made by spreading a lipid monolayer on the water surface.
After exposing to the ozone (10-70 ppb), its oxidation products in the low-level ozone were

systematically studied by the LC/MS.

(3) The adenocarcinomic human alveolar basal epithelial cell line (A549) was chosen as the model
and cultured in a home-made ozone exposure system, which was setup by combining a self-made
ozone pump system, a sensitive ozone sensor and an incubator together. After exposing to the

ozone (10-100 ppb), all the lipids of the cell were extracted and further studied by the LC/MS.

4. BFFERR
In the present study, a LC/MS-based analysis method was successfully established and applied
to study the reaction of the model lung surfactant membrane and the lung cell with low-level of

ozone (10-100 ppb).



(1) Study on the Oxidation of the Model Lung Surfactant Membrane
(D The Identification of the Ozonized Products

The model membrane was composed by the major lipids of the lung surfactant including 1,2-
dipalmitoyl-sn-glycero-3-phosphatidylcholine ~ (DPPC), 1-palmitoyl-2-oleoyl-sn-glycero-3-
phosphocholine (POPC), and palmitoyl-2-(9’-oxo-nonanoyl)-sn-glycero-3-phosphoglycerol
(POPQG). After exposing the model membrane to the low-level ozone (10-70 ppb), we found the
saturated lipids DPPC is very stable, but the unsaturated lipids POPC and POPG are unstable. An
aldehyde product, 1-palmitoyl-2-(9’-oxo-nonanoyl)-sn-glycero-3-phosphocholine (POnPC), an
acid product 1-palmitoyl-2-azelaoyl-sn-glycero-3-phosphocholine (PAzPC) and a secondary
ozonide (SOZ) can be identified as the ozonized products of the POPC (Figure 1). Similarly,
palmitoyl-2-(9’-oxo-nonanoyl)-sn-glycero-3-phosphoglycerol (POnPG), the 1-palmitoyl-2-
azelaoyl-sn-glycero-3-phosphoglycerol (PAzPG) and corresponding SOZ can be identified as the
ozonized products of POPG.
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Figure 1. The identification of ozonized products of POPC in the model lung surfactant
monolayer by LC/MS.

2 The Influence of the Cholesterol

Cholesterol another important lipid in the lung system. By mixing the cholesterol with the
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Figure 2. Comparison of the amount of the ozonized
lipid between the mixed monolayer of DPPC:POPC
and DPPC:POPC:Cholesterol.



phospholipid, we found the existence of the cholesterol in the model lipid monolayer can increase
the amount of the secondary ozonide (Figure 2). Because the cholesterol can affect the packing
density of the lipids in the monolayer, it indicates the physical-chemical properties of the lipid

monolayer can strongly affect the reaction mechanism and thus change the amount of the products.

(2) Study on the Lung Cell

An adenocarcinomic human alveolar basal epithelial cell line (A549) was cultured in a home-
made ozone exposure system and exposed to low-level ozone with a concentration of 0-100 ppb.
By comparing with the cell in the normal culture condition, we found even in such a low
concentration of ozone, the viability of cells shows only gradually decrease, especially after the
long-time exposure of 12-72 hours. Also, for the first time, three kinds of secondary ozonide of
the lipids with the phosphatidylcholine (PC) head group, 32:1 PC, 34:1 PC (POPC), 36:1 PC,

were identified as the products of the lung cell in the low concentration of ozone (Figure 3).
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Figure 3. The identification of the SOZ of PC species in the lung cell
after exposing to the low-level ozone by LC/MS.

Moreover, we found the amount of ozonized products their amount has a strong relationship
with the relative humility of the air. The higher of the humility, the faster yield of the products. It

indicates the humidity increased the reaction ability of the ozone with the lipids.

In summary, by using our self-established LC/MS analysis methods, we confirmed the low-
level ozone can react with lipids of the human lung surfactant membrane and the lung cells. In
the future, the oxidized products found in this research will be further studied to figure out their

biological effect on the cell and human bodies.
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