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Abstract

Background Inflammation plays a key role in various diseases such as pancreatitis, cancer, and rheumatoid arthritis.
Acute inflammation involves processes like vasodilation, increased vascular permeability, and leukocyte accumulation,
which lead to cellular damage due to reactive oxygen species (ROS). Low-frequency electromagnetic fields (ELF-EMFs)
have shown potential in reducing oxidative stress and inflammation. This study assesses the effectiveness of a new
wearable device containing graphene quantum dots in reducing inflammation and oxidative stress in Jurkat T cells
stimulated by lipopolysaccharide (LPS). The device is evaluated for its impact on ROS production and inflammation.

Results The results show that the device significantly lowers ROS levels and reduces the inflammatory response by
decreasing pro-inflammatory cytokines such as IL-6, TNF-a, and IL-1(3. Additionally, the device inhibits LPS-induced
iNOS and COX-2 activity and modulates NF-kB signaling, indicating its potential as a therapeutic tool for managing
inflammation and oxidative stress.

Conclusion These findings highlight the device's ability to combat inflammation, offering a non-invasive and
effective approach for inflammatory diseases.

Keywords Low-frequency electromagnetic fields, Cytokines, Photo-biomodulation, Inflammation, Quantum Dot,
Graphene, Jurkat cells

Introduction

Inflammation is an intricate biological process that
implies the activation of immune system cells and the
release of molecules responsible for triggering of both
acute and chronic diseases [1]. Acute inflammation is a
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substantial amounts of reactive oxygen species (ROS),
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which regulate the activity of many genes and enhance
the production of inflammatory cytokines [2, 3].

The role of T cells in cell-mediated immunity is com-
plex and involves regulating the secretion of multiple
inflammatory molecules such as inflammatory lipid
metabolites, nitric oxide (NO), and cytokines. In addi-
tion, inflammatory cells release a considerable amount of
ROS that regulate several transcriptional genes, further
enhancing the expression of proinflammatory cytokines
[4, 5].

ROS are produced during oxygen metabolism and con-
sist of molecules such as the superoxide anion, hydrogen
peroxide, and hydroxyl radicals. ROS are involved in cell
signaling processes but can be harmful as they activate
pathological mechanisms such as inflammation, fibrosis
and apoptosis [6, 7].

Several studies demonstrate the effectiveness of low-
frequency electromagnetic fields in managing inflamma-
tion by modulating oxidative stress [8].

Low-frequency electromagnetic fields (ELE-EMF), such
as those emitted by the device under study, represent a
promising therapeutic tool for managing inflammation
and modulating oxidative stress. These fields, character-
ised by their non-ionizing, athermic, and non-invasive
nature, offer a practical and side-effect-free solution for
degenerative diseases associated with increased oxida-
tive stress, inflammation, and apoptotic phenomena [9].
ELF-EMF interact with biological systems by modulating
ion channels, aquaporins, and redox homeostasis, offer-
ing potential therapeutic benefits. EMFs influence trans-
membrane potentials by altering the flux of ions—such as
potassium (K*), calcium (Ca**), and magnesium (Mg**)—
through electro-conformational changes in alpha-helix
proteins. This modulation occurs through synchronized
oscillations of ion channels in response to applied fields,
which enhances membrane permeability and intracellu-
lar signaling [10-11].

Additionally, EMFs induce structural oscillations in
aquaporins, affecting the flow of water and protons
across cell membranes. Research has demonstrated that
exposure to EMFs can reduce the production of ROS,
which, when overproduced, can damage cellular compo-
nents by impairing antioxidant mechanisms. Studies have
shown that exposure to low-intensity electromagnetic
fields can activate systems that regulate oxidative bal-
ance, reduce ROS production, and increase the produc-
tion of the antioxidant enzyme manganese superoxide
dismutase (MnSOD) in neuroblastoma cells [12, 13].

In physical therapy, electromagnetic induction is per-
formed using various instruments, such as mats contain-
ing solenoids and emitters that concentrate the radial
field for local therapies. These instruments require a con-
nection to the electrical network or, in any case, a power
supply [9, 14].
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The described device, which is wearable and self-pow-
ered, has the potential to revolutionize therapies. It con-
sists of a layer mainly containing graphene nanocrystals
(quantum dots, QD) on a polyethylene terephthalate
support. When ambient light hits the device, it causes
electron delocalization, which in turn leads to photon
emission by the quantum dots. These semiconductor
nanocrystals are characterized by their bandgap energy,
which is the energy required to excite an electron and
raise it to a higher energy state, creating an electron-hole
pair called an “exciton” [14]. When the electron returns
to its original state, it releases energy in the form of pho-
tons. The size and shape of the nanocrystals affect the
properties of the photons, particularly the wavelength:
the smaller the nanocrystal, the greater the bandgap
energy, and the shorter the emission wavelength. This
phenomenon is known as the “Quantum Effect” and
allows for the comparison of the excitation and emis-
sion properties of quantum dots of various sizes [15-17].
Oxidative stress and inflammation are closely related
physiological processes and are often present together
in many diseases. In previous works, we demonstrated
that graphene quantum dots in wearable devices emit
EMFs that enhance the activity of antioxidant enzymes
such as superoxide dismutase (SOD) and catalase (CAT).
These EMF also help restore glutathione metabolism
by impacting enzyme levels like glutathione reductase
(GR) and glutathione peroxidase (GPX), thereby reduc-
ing hydrogen peroxide (H,O,)-induced oxidative stress
in leukemic cells [10]. In the present study, the aim is to
evaluate whether or not the same magnetic fields have an
efficacy as an anti-inflammatory response on human cells
in culture stimulated by lipopolysaccharide (LPS).

Materials and methods

Device

As reported in our previous work [10], the Device was
designed as a circular polyethylene terephthalate (Mylar®)
substrate (diameter 2.5 cm) on which an amalgam con-
taining mainly graphene nanocrystals (quantum dots) is
layered; due to sunlight, the electro-hole pair that is cre-
ated determines an emission peak at 800 nm (Fig. 1). The
Device displays the excitation wavelength (Aex =485 nm)
and the emission wavelength (Aem =525 nm), Full Width
at Half Maximum (FWHM: 70 nm, 800 nm) and Inten-
sity less than 0.1 mW.

Cell cultures

Jurkat cells, a Human T-cell leukaemia lymphoblastoid
cells (DSMZ ACC 282, Braunschweig, Germany) were
cultured in RPMI-1640 supplemented with 10% fetal calf
serum, L-glutamine (4 mM), penicillin (100 U mL"!), and
streptomycin (100 U mL™!). 2x10 ° cells were seeded
on six-well tissue culture plates and then cultured in
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Fig. 1 Device Assembly. It consists of a support made of Polyethylene Terephthalate (Mylar®) that is layered with graphene nanocrystals containing

Quantum Dots

medium with and without the application of the Device
and/or LPS (10 pg/mL, Sigma).

The LPS was added to the Petri culture dish after the
device was positioned 1 cm away. Following a 24-hour
incubation period, we evaluated the cellular responses to
inflammation by measuring cell viability, the production
of pro-inflammatory cytokines, and performing real-time
and western blot analysis as detailed below. In an initial
trial, we employed a spectrometer (PCE-CRM 40-PCE
ITALY s.rl) to precisely regulate the emission wave-
length of the device. The 24-hour exposure duration was
determined to effectively counteract inflammation while
maintaining constant emission values.

NitroBlue tetrazolium (NBT) assay

The Device’s superoxide dismutation potential is assessed
using the NBT assay. Cells were seeded onto 96-well cul-
ture plates at a density of 5 x 10° cells/mL using a method
described previously [18]. Each well was provided with
the following components: 100 pL of potassium phos-
phate buffer (50 mM, pH 7.8), 5 pL of catalase, 25 pL of
NBT (5.6 x 10~ M), 50 pL of xanthine (0.1 mM), and 50
pL of xanthine oxidase (0.1 mM). Following the addition
of NBT, the plates were left at room temperature for 1 h
to allow the development of the blue color, and the absor-
bance was then measured at 560 nm.

Western blot analysis
Western blot analysis was carried out as described pre-
viously [18], using the following antibodies against, P65

(D14E12; 1:800; Cell Signaling, Danvers, MA, USA), pP65
(93H1; 1:600, Cell Signaling, Danvers, MA, USA), IpKB
alpha (NFKBIA) (OTI1D4; 1:400), and p-actin (sc-47778,
1:400; Santa Cruz Biotechnology, Inc., Dallas, TX, USA).
The membrane was then incubated for two h at room
temperature with goat anti-mouse secondary antibody
(Sc-2005; 1:2000; Santa Cruz Biotechnology) or poly-
clonal goat anti-rabbit secondary antibody (Sc-66931;
1:5000; Santa Cruz Biotechnology). The nitrocellulose
has been scanned via a computerised densitometric
system (Bio-Rad Gel Doc 1000, Milan, Italy). Protein
concentrations were normalised to the housekeeping
proteins p-actin to adjust for variability in protein load-
ing and expressed as a percentage of vehicle control.

Nitric oxide synthase (NOS) activity

The oxyhemoglobin test was performed to identify the
production of nitric oxide from NOS, as outlined in the
prior publication [19]. The combination used to measure
NOS activity included CaCl2 (1.6 mM), l-arginine (10
uM), calmodulin (11.6 mg/mL), tetrahydrobiopterin (6.5
uM), dihydronicotinamide-adenine dinucleotide phos-
phate (NADPH, 100 puM), and oxyhemoglobin (3 mM)
in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES, 100 mM) at pH 7.5, in a final volume of 1 mL.
iNOS activity was assessed without calcium. The iden-
tification of methemoglobin, the result of the reaction
between nitric oxide and oxyhemoglobin, was carried out
at 576 nm (e=12.000 M™".cm™).
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RNA extraction, reverse transcription, and Real-Time PCR
We collected cells in 1 mL of QIAzol lysis reagent (Qia-
gen, Hilden, Germany) and then isolated total RNA
according to the manufacturer’s protocol. After that, the
concentration of total RNA was assessed using a Nano-
Drop 2000 UV-Vis spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA) and one pg of total RNA
was transcribed into ¢cDNA using a QuantiTec Revers
Transcription Kit, which includes removal of genomic
DNA contamination (Qiagen, Hilden, Germany), fol-
lowing the manufacturer’s instructions. The cDNA was
employed in real-time PCR assays, performed in tripli-
cate using GoTaq qPCR Master Mix (Promega, Madison,
WI, USA), as previously explained [20]. The specified
conditions included a 2-minute incubation at 95 °C; 40
cycles comprising 30 s at 95 °C; 1 min at 60 °C; and 30 s
at 68 °C. Human-specific primer pairs were utilized to
assess the expression of the target molecules (Table 1).
Relative expression of each gene was nor-
malised by the 18s gene using the ACt method,
where ACt=Ct(cox-2,in0s, TNF-0IL~1B,IL-6,IL-10
)~ Ctigs: Relative fold changes in gene expres-
sion were determined by the 2724C' method, where
AACt=ACt ACt

experimental sample control sample*

Cytokines level measurement

The levels of pro-inflammatory cytokines IL-1f3, IL-6, and
TNEF-a, as well as the anti-inflammatory cytokine IL-10,
were measured using enzyme-linked immunosorbent
assay (ELISA) kits from Proteintech (Proteintech Group,
Inc., 5500 Pearl Street, Suite 400, Rosemont, IL, 60018,
USA; IL-1p—cat. no. KE00021; IL-6—cat. no. KE00139)
and Sigma (IL-10 cat. no. RAB0244). The tests were car-
ried out following the instructions provided by the man-
ufacturers. Each sample underwent analysis in triplicate,
and the results were standardized by comparing them
with a standard curve.

Table 1 Human-specific primer pairs designed for the
evaluation of target molecule expression

Gene Forward Sequence (5'-3’) Reverse Sequence (5'-3’)

TNF-a CCTTCCTGATCGTGGCAG GCTTGAGGGTTTGCTACAAC

-1 TGAGGATGACTTGTTCTTGAAG GTGGTGGTCGGAGAATG

IL-6 GAGCTGTGCAGATGATGAGTACAA  GGACTGCAGGAACTCCT-
TAAA

IL-10  TTTAAGCTGTTTCCATAGGGTGA TTTATCTT-
GTCTCTGGGCTTGG

iINOS  CATTGCTGTGCTCCATAGTTTC CAGGACGTAAGTTCAG-
CATCTC

COX-2 CGATGCTGTGGAGCTGTAT TTGAGGCAGTGTTGAT-
GATTTG

18s CTTTGCCATCACTGCCATTAAG TCCATCCTTTACATCCTTCT-
GTC
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Measurement of PGE2 release

The cell culture medium was collected at specific time
points according to the manufacturer’s instructions to
quantify PGE2 levels using an enzyme immunoassay
(Arbor Assays, Ann Arbor, MI, USA). To elaborate, both
control and sample specimens were placed in separate
wells and allowed to incubate at room temperature for
15 min. Subsequently, they were incubated overnight at
four °C with primary antibody and conjugate. Following
the incubation, a washing step was performed, and a sub-
strate solution was added to each well and incubated for
30 min at room temperature. Lastly, a ‘stop solution’ was
added, and the optical density of each well was measured
within 30 min using a microplate reader (wavelength
450 nm). The standards employed encompassed a range
of 12.5-400 pg/ml for PGE2, with a detection limit of
16.8 pg/ml and a sensitivity of 10.9 pg/ml.

Statistical analysis

The quantitative data was summarized by calculat-
ing mean and standard deviation (SD). All results were
expressed as means tstandard deviation. Statistical sig-
nificance was calculated by one-way analysis of variance
(ANOVA), and p<0.05 or p<0.001 values were consid-
ered statistically significant. The data analysis was per-
formed using GraphPad Prism 8 Software, version 8.4.

Results

Effect of the device on LPS-induced oxidative stress and
inflammation

In a previous study, we investigated the impact of the
device on Jurkat cells using the MTT assay to determine
its cytotoxic effects. The results revealed that a 24-hour
treatment with the device did not have any impact on
cell viability [10]. Consequently, the device was utilized
as a treatment for 24 h for all subsequent experiments.
During inflammation, large quantities of ROS such as
superoxide anion (O,7), hydrogen peroxide (H,O,), and
hydroxyl radicals (OHe) are involved in detrimental intra-
cellular processes [21]. To evaluate the device’s antioxi-
dant effect against LPS-induced inflammation in Jurkat
cells, we assessed ROS production and oxidative stress
using the NBT assay, which is commonly used to detect
ROS, particularly superoxide anion (O,"), associated
with cell damage and death [22]. The results of the NBT
reduction test are presented in Fig. 2a. LPS stimulation
resulted in a significant increase in O, production in Jur-
kat cells. However, the device inhibited the generation of
O, caused by LPS. These findings suggest that the device
may help reduce inflammation by lowering ROS levels.
To determine if treatment with the device reduces the
inflammatory response induced by LPS, pP65 expression
levels were analyzed. LPS triggers activation of the NF-xB
pathway, where the p65 subunit is crucial as the main
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Fig. 2 The impact of the device on superoxide anion and NF-kB signaling in Jurkat cells. (a) LPS significantly increases superoxide production in these
cells, but the device effectively inhibits this increase. (b) Representative Western blotting of p-p65, p65, IkB-a protein expression in cells. (c) and (d) Graph
of the relative density of selected proteins. The LPS leads to the degradation of IkBa, activating the nuclear factor-kB signaling pathway in Jurkat culture.
Treatment with the device protects cells from proinflammatory stimuli. Each bar represents the mean + SD of three groups of cells. *p <0.001 vs. the CTRL.

**p <0.05 vs. LPS. CTRL, control; LPS, lipopolysaccharide treated cells

pro-inflammatory mediator, regulating the expression
of various NF-kB-dependent genes. These genes encode
acute-phase response proteins, inflammatory enzymes
such as iNOS and COX-2, and pro-inflammatory cyto-
kines, including IL-6, TNF-«, and IL-1f [23]. Figure 2b
shows that lipopolysaccharide (LPS) greatly promoted
the expression of phosphorylated p65 (pP65), whereas
the device treatment significantly abolished pP65 lev-
els. Furthermore, IkBa levels were significantly reduced
by LPS stimulation but increased by treatment with the
device. Such upregulation of IkBa may further promote
its retention with p65. These data support the notion
that the device can inhibit the NF-«B signaling pathway
by preventing the degradation of IkBa, thereby keeping
NF-«B in the cytoplasm and reducing the inflammatory
response.

We also analyzed the mRNA expression levels of sev-
eral key inflammatory factors using qRT-PCR. Treatment
with the device downregulated the gene expression of
iNOS, COX-2, TNF-q, IL-6, and IL-1B (Fig. 3a). These
results were further supported by a notable increase
(P<0.01) in the release of pro-inflammatory cytokines
(TNF-a, IL-6, IL-1P) in LPS-stimulated lymphocytes

in comparison to control cells (Fig. 3b). Treatment with
the Device significantly decreased the levels of IL-6,
TNEF-a, and IL-1p in comparison to LPS treatment alone
(P<0.01). This validates the potential of the Device to
mitigate the inflammatory response by regulating cyto-
kine secretion. In Fig. 3b, it is shown that the presence
of LPS significantly increased the production of NO and
PGE2 in cells compared to unstimulated control cells.
However, when treated with the device, there was a sub-
stantial decrease in the production of these inflamma-
tory mediators. Additionally, as reported in Fig. 3a and
b, the device treatment did not have a significant impact
on the modulation of IL-10 (also known as human
cytokine synthesis inhibitory factor, CSIF) expression.
Despite the observed reduction in several pro-inflam-
matory cytokines, the expression and secretion of the
anti-inflammatory cytokine IL-10 remained unchanged
in Device-treated cells compared to activated cells. This
could suggest that the device primarily acts by downregu-
lating pro-inflammatory pathways without directly influ-
encing IL-10-mediated anti-inflammatory mechanisms.
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Fig. 3 Impact of Device on NO, PGE2, IL-10, IL-6, TNF-q, and IL-1(3 Production in Jurkat Cellslipopolysaccharide (LPS)-activated. (@) mRNA transcripts for
iINOS, COX-2, IL-10, IL-6, TNF-a and IL-1$3 were identified using by gRT-PCR in Jurkat cells. (b) Nitric oxide (NO), prostaglandin E2 (PGE2), interleukin-10
(IL-10), interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and interleukin-1 beta (IL-1(3) levels were measured using an ELISA assay. Results are
shown as mean+SD. *p <0.001 compared to control cells (CTRL); **p < 0.05 compared to the LPS-induced group. CTRL, control (unstimulated cells); LPS,

endotoxin-treated cells; Device, LPS-treated cells

Discussion

Several studies have demonstrated that weak electro-
magnetic fields can impact important cellular func-
tions by targeting signal transduction cascades. They
can influence cell growth, specific gene transcription,

and membrane-mediated signal transduction processes,

especially the Ca" transport system. Several ions are
involved in cellular communication and receptor interac-
tion, among which Ca*" plays a central role in modifying
the potential of the bilayer constituting cell membranes.
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Low-energy electromagnetic fields interact with cellular
signaling systems, leading to metabolic responses. This
occurs through the modification of signal transduction
processes at the membrane level, ultimately causing bio-
chemical perturbations [24, 25].

In vitro studies have investigated signal transduction
in response to EMF. The hypothesis that electromagnetic
fields interact directly with DNA by activating synthe-
sis through DNA charge transport/flow is increasingly
validated.

Since the 1970s, the therapeutic use of EMF has inter-
ested the biomedical field, finding the first applications
in healing bone fractures and soft tissue injuries. Despite
the perception of EMF as potentially dangerous due to
adverse effects highlighted in several studies, the progress
of research and the increased understanding of the mech-
anisms have been crucial. This has led to the increasingly
defined specific requirements of field energies, confirmed
more and more applications, and expanded the range of
treatable diseases, making us all part of a dynamic and
engaging field [26, 27].

Exposure to low-energy EMF can elicit metabolic
responses in the body. This field has the potential to
influence the signal transduction processes within cell
membranes, leading to both transduction and biochemi-
cal amplification of effects.

Interest in the potential of EMFs to influence immune
cell responses has been growing. Extensive research,
including in vivo, in vitro, and epidemiological stud-
ies, has investigated the effects of exposure to extremely
low-frequency EMFs on human health, particularly their
impact on various biological processes. However, these
studies have produced conflicting results, and no clear
consensus has been established. It’s worth noting that the
biological effects of low-frequency EMFs can vary sig-
nificantly, with both harmful and therapeutic outcomes
reported. This offers a glimmer of hope for potential
therapeutic benefits, depending on factors such as fre-
quency, amplitude, field strength, exposure duration, and
the specific characteristics of the target cells [28].

Free radicals, particularly ROS, play a critical role in
promoting inflammation. Conversely, various inflamma-
tory molecules can stimulate ROS production, potentially
creating a self-perpetuating cycle of cellular damage, par-
ticularly under conditions such as aging or related dis-
eases. This cycle contributes to the deterioration of target
organs and cellular damage. Monocytes respond to oxi-
dative stress by upregulating enzymes involved in adap-
tive survival responses.

The antioxidant capacity of the Device under analysis
is primarily derived from its structure, characterized by
graphene nanocrystals that can neutralize free radicals,
including the superoxide radical. In our previous work,
we demonstrated that the Device exhibits antioxidant
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effects by regulating key enzymes involved in cellular
antioxidant defenses [10].

ROS can induce the production of molecules that con-
tribute to inflammation, and conversely, various inflam-
matory molecules can also promote ROS production.
This reciprocal relationship suggests that, under cer-
tain conditions like aging or related diseases, a cycle of
inflammatory responses may be initiated, leading to cel-
lular damage and deterioration of target organs.

The inflammatory process involves a cascade of reac-
tions triggered by specific receptors that activate a pro-
inflammatory transduction pathway, leading to the
activation of the Nf-kB complex. This complex is a key
regulator of the pro-inflammatory response [29]. Several
factors, including bacterial and viral products, cytokines,
ultraviolet and ionizing radiation, growth factors, ROS,
and oncogenic stress can stimulate NF-kB signaling.
LPS stimulation of cells activates the IkB kinase complex
(IKK), leading to phosphorylation and ubiquitin-depen-
dent degradation of IkBa, the major inhibitor of NF-«B.
When IkBa is degraded, NF-«xB translocates to the
nucleus and induces transcription of many genes, includ-
ing those encoding key inflammatory cytokines such as
IL-1B, TNF-a and IL-6. This inflammatory state leads to
oxidative stress. This in turn increases the production of
inducible molecules such as iNOS and COX-2 [23, 30,
31].

The results demonstrated that the Device exhibited
an exceptional inhibitory effect on this pathway by lim-
iting NF-kB phosphorylation and its nuclear transloca-
tion. In activated cells treated with the Device, the levels
of pro-inflammatory factors (TNF-«, IL-6, and IL-1p)
were significantly lower compared to cells activated with
LPS. Conversely, the level of the anti-inflammatory fac-
tor IL-10, which was reduced in inflamed cells, increased
significantly following treatment with the Device. These
findings suggest that the Device can inhibit the inflam-
matory process by modulating the secretion of both anti-
inflammatory and pro-inflammatory factors.

Conclusion

In this study, the investigated device demonstrated
potential in modulating inflammatory processes, present-
ing a promising non-invasive therapeutic tool without
any side effects or needing an external power supply. The
device significantly alleviated the inflammatory response
induced by LPS and exhibited a strong regulatory effect
on the imbalance of inflammatory molecules. It modu-
lates key inflammatory mediators, including iNOS, COX-
2, TNF-qa, IL-6, and IL-1f, primarily through interference
with the NF-«kB signaling pathway. These findings suggest
that the device may offer a novel approach to managing
inflammation and promoting health. The device intro-
duces an innovative approach to treating inflammatory
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diseases by leveraging the synergistic effects of an elec-
tromagnetic field and the unique properties of graphene.
Its non-invasive nature eliminates the need for direct
drug administration, potentially reducing the risk of sys-
temic side effects commonly associated with pharmaco-
logical treatments.

Limitations and future directions

This study was conducted exclusively using cell lines.
Although cell-based models are helpful for preliminary
research, the complex interactions present in intact tis-
sues cannot be accurately replicated by them. This limi-
tation restricts our capacity to generalize these results
to whole-organism systems. More studies using in vivo
models are required to more accurately evaluate the ther-
apeutic potential of the device. In biologically relevant
settings, these studies should assess the effects of the
device on inflammatory markers, immune cell responses,
and tissue recovery over both short- and long-term
periods.

More thorough research is required, even though our
data points to possible advantages for the treatment of
inflammation. To ascertain its wider clinical applicability,
future research should examine the performance of the
device under a range of pathological conditions, includ-
ing neuroinflammation, autoimmune disorders, and
post-surgical recovery.

In conclusion, even though the device appears to have
promise in modifying important mediators of inflamma-
tion in vitro, these findings need to be confirmed in more
intricate systems before any firm conclusions regarding
its potential for treatment can be established.
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