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The interdisciplinary study
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PM is a prime candidate for the generation of cellular oxidative stress. Concerning the
mechanisms by which PM impacts tissues, the evidence suggests that PM induces cellular
oxidative stress through the generation of reactive oxygen species (ROS). [2]

[1] Koehler et al. “Aerosol Sci Technol. ” 48, 489-497, 2014, [2] Cho et all., 2005. “Environ. Res. ” 99, 40-47
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Introduction
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The term “particulate” refers to
the solid and liquid particles
dispersed in the atmosphere and
it is responsible for the generation

of the biological oxidative stress.

patcuats et oM
Long and short-term exposure to e *% o .
atmospheric particulate matter . ;:0.. WERRILN
(PM) has detrimental effects on .:{0_ PEV'.io' .o.: . P:M.g,s oo
human health being associated JORAN S I RPN
with morbidity and mortality. [3] * %0l e

[3] Lionetto et al., 2021 Atmosphere, 12, 464

Coarse particulate matter Fine particulate matter
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Health effect of exposure to PM =

Airborne PM induces harm by generating ROS in human ftissues, leading
to oxidative stress. [4]

and alveoli and alveoli
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[4] Yupaporn Sameenoi et al., JACS 2012.; [5] Peixoto MS et al, Elsevier 2017. [5]
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The equipment: PM sampling -
B8]

Sequential dual channel automatic
sampler (SWAM, Fai Instruments srl)

P ——
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The equipment for a-cellular tests

DropSens Flow-Cell (FLWCL) with an
innovative open-close system (no
screws needed) and an easy sensors
replacement

| | l
1
il
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. FIA analysis

Batch experiments: the conventional three-

electrode cell, Pt wire counter electrode and

Ag/AgCl reference electrode.
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The equipment for cellular assays

The manipulation of
the cell cultures took
place under sterile
conditions, under a
laminar flow hood
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The spectrophotometric DTT assays

PhD. Nanotecnology —Maria Pig Romano
S\ +

-@iikar

The thiols are important molecules involved in biological and environmental processes. Among

the thiols, the dithiothreitol DTT, known as Cleland reagent.

™ SH .- B0 SH %
PM s — PM + o H
HO HO
HO ® -
M, ]Csﬁ —s M &Y B % B
HO NS e
no]:/\so HO .
Ho'\5° Ho}i/\é
2PM + 20, —+ 2PM *+ 205
2 HY + 208 — 0, + H,0;
e SH "O]CS
_’ l
0o * HOﬁsu HO -5 H,0;

DTT assay, the reduced DTT
in presence of ROS,
generated by PM, is oxidized
to its disulfide, the remaining
reduced DTT reacts
quantitatively with Ellman’s
reagent 5,5’-dithio-bis-(2-
nitrobenzoic acid) (DNTB) to
form 2-nitro-5-thiobenzoic

acid (TNB).
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Aim of the study

The main aim The development of an innovative
electrochemical sensor for thiols’ detection.

PM Sampling ﬂ .
- | - =
-— The

sensor is a gold

Sensorfef®Tr ' npanostructered  electrochemical
LR /\‘/'\/ one based on modified Glassy
e ® Oxidative Carbon (GC) electrode. It is a

O detection totall . .
B \ Cheaen=d | suitable device for the

® SEM/EDS measurement of the oxidative
S e i potential (OP) of the atmospheric

‘. YW 4 ) particulate matter (PM),
GC/AUNPS considered a global indicator of
electrode

adverse health effects of PM.
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The specific objectives

» The implementation of an innovative sensor strategy in dithiotreitol
(DTT) detection based on a gold nanoparticles glassy carbon modified
electrode. The operating principle of the sensor is the determination of
the OP, through the measurement of the consumption of DTT content, as
an alternative to the classic DTT spectrophotometric methods.

» The application  of the developed sensor to the
measurement of OP for some PM real samples as proof of
concept and its validation by using the classic DTT
spectrophotometric method.

» The study, deepened through the chemical and
toxicological characterization of the water-soluble
fraction of particulate matter, in order to reach an
extensive knowledge of the relationship between the
oxidative potential of PM,, assessed by the use of the
DTT oxidation principle and the effect of PM,, at the
cellular level.
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The modified electrode

The sensor is a Glassy Carbon electrode modified by electrochemical deposition
with Gold Nanoparticles (GC/AuNPs), useful for the dithiothreitol (DTT) detection,
in order to evaluate the OP.
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> Direct drop casting of the a) b)
AuCl; solution (15upL) 0,137
electrode. 0 50 100 150 200
» The Au electrodeposition had Ff § ‘
= 300
chronoamperometry at the
applied potential of -0.9V vs
1 -0'.5 6 Oj5 1' 115
. E (V)
» Ciclic Voltammetry between
-1.0V and 1.5V was
state (20 cycles). deposition time t=200s, Q= 2200 #100 uCcm-2; (b). CV in clean phosphate
buffer solution (pH 7.4) between -1.000V and 1.500V of the GC gold modified

mM on a bare Glassy Carbon t(s) 900 -

been performed by

Ag/AgCl for t=200s. w0

performed until the steady FIG. Electrodeposition of gold by chrono-amperometry at -0.9V vs Ag/AgCl,
electrode (yellow curve).
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SEM-EDS analysis @tikal’

The morphology of the chemically modified GC/AuNPs electrodes
was examined by SEM microscopy.

The SEM image of the bare GC
substrate is shown (Fig.5a).
The images related to the
modified surfaces of GC/Au
deposition are observable
(Fig.5 b,c,d). High-resolution
SEM  observations clearly
showed the presence of
randomly distributed
nanoparticles (NPs) on the GC
surface  with a typically
spherical shape and uniform
diameter distribution (average
250 nm).
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XPS analysis

@ i A i ®) The XPS (KRATOS Instrument)
R o(a) o 2 spectra have been useful for the
g X |8 . chemical characterization  of
S o i 1 S G GC/AuNPs modified electrodes’
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XPS analysis @tikar

Au4f peak present on GCAUNPs has been fitted by using two spin—orbit split doublets. The
first doublet, related to the most intense component, shows well separated spin-orbit splitting
peaks, Au4f7/2 and Au4f5/2, at 83.9 +0.1s eV BE and 87.6 +0.1 eV BE respectively, is assigned
to Au(0). Near the Au(0) components, a different form of gold is also observed (peak pair
Au4f7/2 at 84.9+0.1 eV and Au4f5/2 at 88.4 +0.1eV), always correlated to the presence of

carbide C1s peak signal at 283.1 £0.1 eV. This Au peak component is attributed to Au(l), likely
originated from a surface gold carbide species.
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Electrochemical characterization
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The GC/AuNPs reactivity towards the DTT electro-oxidation in phosphate buffer has been
studied in order to demonstrate that the electrochemical properties of the deposited gold
nanoparticles can improve the well known GC electroactive properties.
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(a)CVs recorded on GC electrode
bare in absence (blue trace) and
presence of DTT 500 UM (red trace).
Inset: curve difference between CVs
recorded in presence of DTT 500 uM
and related base line. (b) CVs
recorded on GC/AuNPs electrode in
absence (blue trace) and presence of
DTT 500 UM (red trace). Inset: curve
difference between CV recorded in
presence of DITT 500 PM and

related base line. (c) Direct
comparison between curves
differences (GC, blue trace;

GC/AuNPs, yellow trace). Scan rate
50 mVs-1.
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Electrochemical characterization =

The progressive addition of DTT in CV experiments, from the initial concentration of 19.6 UM
until the final ones of 500.0 UM and 783.0 UM, has been performed on the bare GC and on

the GC/AuNPs electrodes.

(a) 500 0 ()  (a) CVs recorded on bare GC

5400 =§E‘ y = 0.4434x + 49.747
_— § 300 | y=0.3603x - 4.748 50 | § 20 R?= 0.9964 " electrode; Inset: plot of the
R? = 0.9974 1 . .
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1 2100 - 12 100 :
= z ,‘

T , , ; E o = . . function of DTT concentrations;
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in function of DTT
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110 -
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60 - //' GC/AuNPs between 19.6 UM
50 Yt and 880.0 UM, potential
T 40 range 0.000 mV and 1000
§30 mV. (d) Plot of anodic current
=20 licc/aunps in function of DTT
104 concentrations, measured at
°% o T SR R T +800 mV. Scan rate 50 mVs'.

DTT (uM)
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FIA measurements

The  flow rate of
1,5mL/min had been
considered the best
compromise to obtain

Baseline

Capillary (100um)

1/
J Gy w ?J ‘
Sample » P & e

)

Injection valve

ik DsciorMere more reproducible signals

' Waste i in a short time. After

many tests, 600mV has

E =5 o been selected as the

| "\&h - l","l potential value to be

L- | P —~, s i applied for PAD. (E1 0,8V

- " S T LTI for t1 0,01s; E2 -1V for t2
Phos;’;:a:t;.:uffer \ 0,025,- Ei 0, 6Vf0r t 0,55).

~  PAD (pulsed amperometric detection) had been very useful in order to reduce fouling of
the electrode surface, just to avoid a loss of electroactivity over time and also to enhance
the performance of electrodes in the AD (a pulsed potential is often applied during
amperometric measurements).
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FIA: the results @tikar

Typical FIA peaks for triplicate injections of different DTT concentration, between 10
and 500 UM, and relevant calibration curve.

a 8 . .
) = PAD experiments in FIA
7
. B analysis.

< <

E El :
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= 4 -

o 33 o ¥ Tie 8) injections of DTT and inset
° with peaks for injections
| | SR . of DTT 100uM

0 200 400 600 800 1000 1200 1400 1600
15 - . Times) (b) relevant calibration
b) y =0.0281x - 0.0434 .
R’=°-998/ curve. Carrier: phosphate
sl buffer solution (pH = 7.4,
=
2 1=0.2); flow rate: 1.5ml
B min~'.
T
0 T T T T T )
0 100 200 300 400 500 600

CDTT(uM)
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The proof of concept

@ ' The  suitability of  the
electrochemical DTT assay for

15 1

10 ] measuring the OP in real
samples: FIA  experiments

| (WAfcm?)

5 1 addressed to measure the DTT
‘ (100 MM) rate consumption,
"0 1000 2000 3000 4000 00 6DTT-E|ec’rrochemicaI activity, in PM,,
— 07 - o | Gqueous extracts . To validate
; R = 2006+ 056 the method, the obtained
T2 Y =-01082¢ + 13.116 g 05 e Re=0s7E2 results were compared with the
3 g 044 data obtained on the same PM
N < 031 samples using the traditional
4] 0.2 1 spectrophotometric method
> based on the Ellman’s reactive

’ 20 40 60 80 100 " 20 40 60 80 w0 use (DTT assay).

t (min) t (min)

(o) Peak currents related to DTT (100 UM) electrochemical detection in FIA analysis at reaction times of 5, 10, 15, 20, 30,
45, 60 and 90 min, in in PM aqueous extract (Filter 9). (b) The related linear regression (c) DTT absorbance decrement versus
time at reaction times of 5, 10, 15, 2, 30, 45, 60 and 90 min obtained in parallel on the same extract used in electrochemical
detection.
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The industrial development with LPT Measure

LPT Measure s.r.l., based in Martina Franca (TA), develops the process control
systems and integrates both hardware and software technologies, the smart sensors
capable of detecting process parameters and of making them flow into logistics and
traceability management systems. LPT Measure s.r.l. develops also some "ad hoc"
interfaces, that are specific to the application process.

Starting from the flow

system, a technological

% R - solution was studied for
g = ) O the automation and the

; U LT/ interfacing of  the

v i ' electrochemical sensor

«QuErmet
N deaw awrsod

with an external read-
PO- Comes out system.

oNawe
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The technological integration for the prototype

A special program has been created for the ESP8266 microcontroller that allows it to connect
to the Wi-Fi network using a password and to the MQTT broker, to receive data from the
supervision system using the MQTT protocol, and to generate the appropriate control signals
for the motor driver. step-by-step and in turn send the operating data to the supervisory.

! PMP2
SOLENOID VALVES
,G {} C)% AUTO/MAN N )
kfactor v 154 A

I 1 Node-RED
_, _I_ i Raspberry pi 24 P n

G mi/min Imp/sec

PERISTALTIC
PUMP

t\ I The solution studied for the automation:

e | prototype of a measurement system

SP Tot. ml v 20 A

To" ml 20.00

FLOW CELL

DRIVER

The automation and interfacing of the electrochemical
sensors with an external read-out system.
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The analysis of OP of some water-soluble fraction of PM,,was performed using the DTT assay.
The OP values are expressed as either OPP™T, (the OP value normalized by the sampled PM,,
mass) or OPPTT, (the OP value normalized by the volume of the sampled air). OPP™,, rapresents
an exposure metricreferring to the inhaled air, important ho human exposure, while OPP™T, is

an intrinsic propertied of PM and it is related to the sources.
(A) (B)

Al Vniversiti o dedlls Focoron

PM Oxidative Potential

The OPP™T responses of

‘0. 2. PM,, samples measured
using the same DTT assay

|
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The study was carried out on the water-soluble fraction of 28 PM samples collected on teflon filters, as
part of a greater sampling campaign performed by the Daniele Contini’s Team, ISAC-CNR Lecce, in 2019,
from February to April at an urban background site (Environmental-Climate Observatory of ISAC-CNR in
Lecce)
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In parallel to the OP measurement, the cytotoxicity of PM,, was measured by the exposure
(24h) of A549 cells (representative of the alveolar Il type human pneumocytes) to the water-
soluble fraction of the same PM,, samples and assessment of cell vitality reduction by MTT test,

which measure the cell metabolic activity.
The MTT shows an increase

in cell mortality after 24h of

-]
o
L

exposure to the PMI0
aqueous extracts.

=]
o
L

=9
o
1

It measures the activity of the enzymes that
catalyze the reduction of MTT bromide of 3- (MT-
4,5-dimethylthiazol-2-yl)- diphenyltetrazolium,
usually a yellowish salt, in formazan, which has a

cell viability inhibition
(% of control)
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Fig. Cytoxox:crty of PM10, expressed as / cell mortality and assessed by the
MTT test on A549 cells exposed for 24h to PM10 aqueous extracts.

A statistically significant inhibition of the NAD(P)H-dependent cellular oxidoreductase enzymes
was observed following the exposure of the cells for 24h to the aqueous extracts of PM,,

compared to control cells.
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The CM-H2DCFDA probe
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The cell-mediated oxidant generating capacity of PM,, was assessed by the measurement of the
intracellular oxidative stress using the intracellular ROS-sensitive fluorescent probe CM-H2DCFDA on A549
cells exposed for 24h to the same aqueous PM,, extracts.
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This result demonstrates that PM,,
mediates ROS production in the cells in a
dose-dependent manner.

(C)

FIG.(A) Percentage variation of fluorescence intensity in A549 cells exposed for 24h to increasing dilutions of
the aqueous extract obtained from PM,,. (B) Percentage variation of fluorescence intensity in A549 cells

exposed for 24h to aqueous extracts. (C) Representative confocal images of control and PM exposed A549

cells charged with the probe CM-H,DCFDA.
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To investigate the relationship between the outcomes of
the cellular and acellular assays on the PMio samples, a
comparison of the results obtained with the different tests
was performed.

v The intracellular oxidative stress induced by PM is

statistically correlated (A) to the acellular oxidative
ability of PM,, to
reactive species is

potential:  the
intracellularly

generate
related to its
oxidative potential.

The oxidative potential is related to cytotoxicity (B),
which is a cellular endpoint with integrates all the
potentially toxic effects that PM,, can exert in the cell.

Cytotoxicity is related to the PM oxidative stress-
inducing capacity (C), suggesting that intracellular
oxidative stress plays a key role in the multiple

mechanisms underlying PM,, cytotoxicity.
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The analysis on Greek samples
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To improve the knowledge of the relationship between the OP assessed by the use of the DDT
oxidation principle and the cellular effects of PM,,, the study was deepened through the study
of the water-soluble fraction of size-segregated urban particulate matter collected in the urban
agglomeration of Thessaloniki (Greek) (in collaboration with prof. Samara Costantini,
University of Aristotele, Thessaloniki).
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The analysis on Greek samples @tikal’
7
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%Inhibition v/s control

-30.00 -
Some samples, in particular during the summer season, showed hormesis, represented by
negative value of the 9% inhibition. Hormesis consists in a biphasic dose-response to an
environmental agent with a low dose stimulation and a high dose inhibition of a biological
function.
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Conclusions antikar

The sensor operates well, both in BIA that in FIA: it is reactive towards the DTT and shows
low LOD, an high sensitivity and selectivity (absence of interference of real PM aqueous
extract in the electrochemical response to DTT).

SEM-EDS and XPS have been useful for the chemical and morphological characterization.
The properties of the sensor are considerably influenced by the Gold Nanoparticles.

The tests on real samples were a proof of concept for the electrochemical sensor: the goal
was to establish the suitability of the sensor to measure the OP of PM and it seems
successfully reached.

The MTT assay shows an increase in cell mortality after 24h of exposure to the PM aqueous
extracts. The CM-CM-H2DCFDA shows the intracellular oxidative stress induction by PM
which, in turn, results in an increased citotoxicity.

Significant correlation between MTTY and OPDDTY. It was found a statistically significant
correlation between acellular OPDTTY assay and intracellular oxidative stress OSGCV results.
These results support the idea that the oxidative potential of PM could be an indicator of
cytotoxicity of PM.
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