
D
ep

ar
tm

en
t 

of
 M

at
er

ia
ls

 E
n

gi
n

ee
ri

n
g 

an
d

 P
h

ys
ic

s 
-

D
iv

is
io

n
 o

f 
P

h
ys

ic
s 

an
d

 B
io

p
h

ys
ic

s
R

ad
ia

ti
on

 a
n

d
 E

n
vi

ro
n

m
en

ta
l B

io
p

h
ys

ic
s 

W
or

k
in

g 
G

ro
u

p

Stress-relieving effect of negatively charged aerosols on in-vitro cell
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Fig. 1: Flowchart highlighting the major 

steps in cell-culturing

Abstract
The aim of this study was to investigate the stress-relieving effect on exposed lung-epithelial cells when exposed to an aerosol mix containing an aqueous and a 
combustion aerosol from an unfiltered Diesel-engine. The study clearly demonstrates the toxic effects of nano-sized Diesel particles (WHO, 2012), yet at the same 
time documents the stress-relieving properties when this exhaust aerosol is mixed with a negatively charged water aerosol. Negatively charged water aerosols 
prevalent at waterfalls (Kolarž et al, 2012) have been found to induce positive immune responses to immuno-suppressed individuals (Gaisberger et al, 2012). 
Similar observations have been documented by Goldstein (2002) and Krueger (1996).  As these observations were made using volunteers and as such include the 
full spectrum of unknown parameters that can not be accounted for in their full dimension, this study involves only cell cultures and as such attempts to repeat the 
effects on a cellular level. In accordance with the aim and the various sources in the literature, we set up an in-vitro experiment where Diesel-exhaust particles have 
been routed with and without a negatively charged aerosol onto an epithelial-lung-cell culture to determine their effects. The additional feed of a H2O-aerosol into 
the setup stimulates the production of reactive oxygen species (ROS) that aids in the cell’s metabolic activity to better counteract the harmful influence during 
Diesel-exposure.  The beneficial effects of reactive oxygen species (ROS) have only recently been recognized as playing a fundamental role in normal 
physiological processes. Indeed, they are indispensable in the operation of all bio-regulatory processes (Voiekov & DelGiudice, 2009). 

This is the starting point of a chain of reactions yielding H2O2 as an intermediate 
before exergonically being converted back to water (Efree~8 eV).  In this way the 
biochemical reaction along with the concomitant release of energy fuel the cells 
metabolic activity to offset e.g. Diesel-induced stress. The driving entity is a 
coherent electromagnetic field coupled to the water clusters, thereby inducing 
better coping strategies against adverse influences (Voiekov & DelGiudice, 
2009). 
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Conclusions
According to the theory on the formation of Coherence Domains (CD, Voiekov & 
Del Giudice, 2009), aerosolized water produces a reservoir of almost free 
electrons, which in turn drive redox-reactions. The energy potential of released 
electrons through quantum tunnelling coincides with the electronegativity of 
oxygen.  Due to electromagnetic coherence, the energy stored in a CD can not 
be released thermally.  Here O2 becomes the privileged receptor of these 
tunnelling electrons. The coherent system (H2O + guest molecules) becomes 
discharged via the production of an ion pair consisting of H2O+● and O2

-●. 

In order to verify cell activity and thus vitality, the cells are given the above mentioned medium-
mix to which 500μL CellTiter-Blue® reagent is added to each well (step-F1). The bluish tracer 
will be metabolized by the cell into a highly fluorescent compound. The more metabolization
occurs, the more pronounced the fluorescing peak at 590 nm will be. Overall determination of 
cell activity will be measured using a Tecan Infinite® M200-pro photometer with induced light 
stimulation at 560 nm (step-G1).

Measurement of the toxic effects of Diesel-exposure is done by determining the amount of 
lactate dehydrogenase (LDH) present in the culture supernatant. LDH is a stable cytosolic
enzyme which is released from cells upon cell lysis and which can be measured by a 
colorimetric reaction. For each well and using a 96-well sample-holder a substrate-mix 
(30μL/well) is diluted with the medium-mix (30μL/well) obtained from the extraction of step-E 
(see above). After an incubation time of 30 min in the dark at 25°C, a blocker (30μL/well acidic-
solution) is added to bring the reaction to a halt (step-F2). Determination of how much LDH 
leaked out into the supernatant is done using the 490 nm specific absorption band of the LDH-
indicator compound. Quantification is done using the same photometer as above (step-G2).

Normalization of the photometric readings (step-G2) is done by determining the total amount of 
LDH in the cells. In order to do so, the 6 wells containing the cell layer are flushed with 
phosphate-buffered salt solution (3mL/well). Then the content from the post-exposure 
Eppendorfs (step-E) is added to each corresponding well and the cells are lysed by adding a 
1/10 volume of lysis solution, followed by a 15 min long incubation at 37°C. The total amount of 
LDH in the lysates is determined in the same way as for the released LDH. 

Methods
A cell culture consisting of human alveolar basal epithelial cells (A549 cell line) is cultivated 
under CO2-enriched conditions (pCO2: 5%, T: 37°C) using a culture-medium mix consisting of 
RPMI-1640 with 10% fetal calf serum (FCS), 1% glutamine and a 1% antimicrobial mix (penicillin 
& streptomycin). After a few days of incubation the cells are mature enough (Fig.1, step-A) that a 
sample (diluted with the above medium-mix) can be transferred into the upper compartment of 
the 6-slot wells (step-B). Following a 3-day cultivation interval, during which the cells adhere and 
form a tight monolayer, the cells are set up for exposure. In order to render the cells more 
tolerant to the decreased pCO2-concentrations during the exposure/control-cycle, the culture 
medium is replaced by the above medium mix containing an additional buffer (40 mM HEPES) 
(step-C). Furthermore, 0.1 mg/mL of the phospholipid DPPC (simulates surfactant) is added to 
the culture broth to reduce its surface tension. Three of the six wells are filled to a level where 
the cells are submerged under the medium mix, whereas the remaining three are filled with 
medium-mix to a degree that the cell-layer has direct contact to the air. 

Freshly produced Diesel exhaust obtained from a VW-transporter and collected in two separate 
15L-sized Tedlar bags is routed for 2-3 hours into an exposure chamber housing cultured lung-
epithelial cells (step-D). Controls are stored under similar conditions in a darkroom of ambient 
air. To show the relieving effect of a negatively charged aqueous aerosol (Fig.2), a Venturi-type 
nebulizer feeds the nano-aerosols together with the Diesel-exhaust into the exposure chamber 
(Fig.3). The size-distribution prevalent in the chamber is measured using a Grimm 5400-series 
Scanning Particle Mobility Sizer (SMPS). After exposure the cells are revitalized for 30 min again 
at 37°C (step-E).  Following this, the medium-mix liquid of each well is pipetted away and stored 
for later use in separate Eppendorf vials. 

Fig. 3: Particle size distribution of the H2O-Diesel aerosol-mix. The left shoulder represents the water aerosol, whereas the right 
one is dominated by the Diesel aerosol.  The bimodal distribution of the scan is related to the poor mixing properties of the 

hydrophilic H2O-aerosol with the predominantly hydrophobic properties of the Diesel exhaust aerosol. 

Fig. 2: Determination of the prevailing negative charge of aerosolized water.  The reddish set was obtained without the neutralizer, whereas 
the bluish data series was obtained with the neutralizer (241Am-source) attached to the SMPS. Due to the positive voltage separation 

mechanism, detachment of the neutralizer enables scanning of the negatively charged aerosols.

Results

Although this investigation is still ongoing, the following preliminary observations show that upon exposure to a Diesel-aerosol, cell viability is drastically reduced 
(Fig.4 – left pane).  At the same time cytotoxicity increases dramatically (Fig.5 – left pane).  In both cases the submerged cell cultures are less affected than those 
cultures that are directly exposed to the stressor. Adverse effects are reduced upon repeating the setup with a H2O-Diesel-aerosol – less in terms of cell viability, but 
more so in terms of cytotoxic potential (Fig.4&5 – right panes).  The water-enriched aerosol not only softens the adverse effects of Diesel (Fig.4 – left pane) but has 
also a stimulating effect on cell proliferation of the submerged cells due to the additional humidification of the chamber air (Fig.4 – right pane).  

As shown in Fig.5, cytotoxicity on the other hand is dramatically reduced in both submerged and directly exposed samples. Although the water enriched aerosol 
does not fully compensate for the adverse effects of the Diesel-aerosol, it softens the toxicity potential among the directly exposed and submerged cultures from a 
factor of 2.2 and 1.5 to about 1.3 and 1.1 respectively.   Hereby, the aqueous fraction of the mixed aerosol drastically buffers the toxic cocktail of Diesel exhaust.  
The drastic reduction in cytotoxicity is most likely related to the properties of nano-droplets – a concept briefly outlined in the conclusion.

Fig. 5: Normalized cytotoxicity (based on the overall cell density) after exposure with Diesel and the mixed H2O-Diesel aerosol. 
Treatment with the aerosol-mix yields a dramatic decrease in the overall cytotoxic potential of diesel exhaust – from a factor 2.2 

(surface exposed) /1.5 (submerged exposed) to more moderate levels of 1.6 and  1.2 respectively. 

Fig. 4: Overall cell viability after exposure with Diesel and the mixed H2O-Diesel aerosol. Using the aerosol-mix reveals only a moderate 
increase in overall cell viability.
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