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ABSTRACT

COVID-19 - related morbidity is associated with exaggerated inflammation and cytokine produc-
tion in the lungs, leading to acute respiratory failure. The cellular mechanisms underlying these
so-called ‘cytokine storms’ are regulated through the Toll-like receptor 4 (TLR4) signaling pathway
and by ROS (Reactive Oxygen Species). Both light (Photobiomodulation) and magnetic fields (e.g.,
Pulsed Electro Magnetic Field) stimulation are noninvasive therapies known to confer anti-
inflammatory effects and regulate ROS signaling pathways. Here we show that daily exposure
to two 10-minute intervals of moderate intensity infra-red light significantly lowered the inflam-
matory response induced via the TLR4 receptor signaling pathway in human cell cultures. Anti-
inflammatory effects were likewise achieved by electromagnetic field exposure of cells to daily 10-
minute intervals of either Pulsed Electromagnetic Fields (PEMF), or to Low-Level static magnetic
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fields. Because current illumination and electromagnetic field therapies have no known side
effects, and are already approved for some medical uses, we have here developed protocols for
verification in clinical trials of COVID-19 infection. These treatments are affordable, simple to
implement, and may help to resolve the acute respiratory distress of COVID-19 patients both in
the home and in the hospital.

mune disease, lupus vulgaris, could be successfully trea-
ted and cured by application of visible light [2]. In
subsequent years, illumination of patients with red or
infrared light, known as Photobiomodulation therapy
(PBM), was proven clinically effective against a variety
of human diseases including Achilles tendinopathy [3],
Alopecia Areata [4-6], psoriasis [7-9], thyroiditis [10,
41], and arthritis [11-13]. A unifying feature of all of
these conditions is that they involve excessive inflam-
mation [3,5,9,14]. In particular, thyroiditis and psoria-
sis are both autoimmune conditions caused by an
exaggerated host immune response [9,10].

1. Introduction

COVID-19 induces Acute Respiratory Distress
Syndrome in about 15% of cases. Mortality has been
associated with the so-called ‘Cytokine Storms’,
a hyperactive immune response leading to excess pro-
duction of cytokines causing damage to lung tissues.
Targeting this hyper-inflammatory response to reduce
excess cytokine production is therefore proposed as an
effective therapy to reduce mortality rates [1].
Nonetheless, currently known anti-inflammatory
drugs have not proven clinically effective [1].

These clinical findings are supported by studies
in vitro which examine the progress of inflamma-
tion in cell cultures by assaying cellular markers for
inflammation such as cytokine synthesis [15].
Importantly, PBM therapy has been reported effec-
tive against acute lung inflammation (ALI) in an
animal (rat) disease model analog of Acute
Respiratory Distress Syndrome (ARDS) similar to

1.1 Photobiomodulation therapy and
inflammation

The beneficial effects of red and infrared light in the
treatment of inflammation have been well known since
the time of Niels Finsen, who received the Nobel Prize
in 1903 for his demonstration that a human autoim-
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that caused by COVID-19 in humans [16]. These
and other observations have led to the recent sug-
gestion that PBM therapy may serve as a potential
treatment for hyper-inflammation and mortality
caused by COVID-19 infection [17,1819].

The wavelength range used for PBM therapy cur-
rently spans the infrared and red-light spectral regions.
Exposure to these wavelengths is not known to generate
any harmful side effects and infrared light, in particu-
lar, is the wavelength which best penetrates body tissue.
Exposure devices are commercially available in a large
range of intensities and wavelengths; they are fitted
with laser or high-output LEDs as optical sources and
exposure duration can be adjusted.

1.2 Pulsed electromagnetic field (PEMF) therapy
and inflammation

Exposure to externally applied electromagnetic fields,
known as Pulsed Electromagnetic Field (PEMF) ther-
apy [19,20] has likewise been shown to have anti-
inflammatory properties in a range of diseases [21-24].
PEMEF therapy involves the external application of low
intensity pulsed magnetic fields from 10 to approxi-
mately 300 Hz in frequency and around 10 mTesla
maximum magnetic field strength. Unlike light, PEMF
signals can penetrate the human body efficiently to
reach internal organs, e.g., bronchi and lungs. Clinical
studies have shown the effectiveness of PEMF in treat-
ing such conditions as arthritis [25,26], chronic pain
[21,22,27,28], bone injury [29-31], wound healing [-
32-36], and lupus erythematosus [37]; all of these
PEMEF treatments involve the resolution of underlying
inflammatory conditions [38,39,40]. In the United
States, several PEMF devices used for bone healing
have been FDA approved for decades.

A more direct analysis of PEMF therapy on the
progress of inflammation has been obtained from
recent molecular studies using different mammalian
cell culture models in vitro [23,26,38,39,40,41]. PEMF
exposure was found to induce marked decrease in pro-
inflammatory cellular markers including cytokines,
gene expression, and activation of NFkB which char-
acterize both the acute and the chronic phases of
inflammation. Some changes occurred rapidly within
hours after PEMF exposure, consistent with a direct
effect on the cellular immune response. Intriguingly,
many of these clinical applications of PEMF (electro-
magnetic) therapy seem to overlap with those of PBM
(illumination) therapy, in particular, those involving
the resolution of inflammatory conditions.
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Therefore, both PBM and PEMF exposures show
potential for application to COVID-19 therapy.

1.3 Optimizing PBM and PEMF therapy protocols

In this study, we wished to establish whether illumina-
tion or electromagnetic field therapy may be effective
specifically against COVID-19 induced inflammation.
This hyper - inflammatory response, which gives rise
to Severe Acute Respiratory Distress as caused by SARS
COVID-19, is characterized by accumulation of inflam-
matory cells, edema formation, and a significant
increase in inflammatory cytokines [1]. The specific
immune mechanism underlying this pathology has
been well characterized and shown to involve the Toll-
like Receptor 4 signaling pathway. Activation of TLR4
pathway by pathogen elicitors stimulates cellular adap-
tors TRIF, activates NF-kB and other downstream reg-
ulators, and up-regulates synthesis of cytokines
including 11-6, IL-1b, and IL-8 to create pathological
‘cytokine storms’ [42]. The important feature of the
TLR-4 dependent inflammatory response is its high
conservation among different cell types and even in
different mammalian species. A significant effect of
PBM or PEMF on this response in cell culture is there-
fore a good indication for potential therapeutic effec-
tiveness in patients.

In this study, we have tested the effect of infrared
light exposure, PEMF exposure, and static magnetic
field exposure on a cell culture system specifically engi-
neered to initiate an inflammatory immune response
through the Toll-like receptor 4 (TLR4) signaling path-
way (HEK - TLR4; see methods) responsible for the
acute respiratory distress syndrome induced by lung
pathogens [42]. In this cell culture system, a secreted
colorimetric substrate (SEAP) is produced under the
control of NF-kB and API, which are central regulators
of the inflammatory response induced through TLR4
activation, and are required for cytokine overproduc-
tion. This system allows for rapidly and efficiently test-
ing the effectiveness of multiple treatment conditions
for their anti-inflammatory effects with relevance to
clinical outcomes.

2. Materials and methods
2.1 Cell culture conditions

Human embryonic kidney HEK293 cell lines https://
www.invivogen.com/hek-blue-htlr4, stably expressing
human TLR4 (InvivoGen, San Diego, CA, USA), were
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used for all experiments. HEK-TLR4 cells express an
alkaline phosphatase (AP) reporter gene regulated by
NF-xB and AP1 transcription factors. The quantifica-
tion of cell-infection was measured by assaying alkaline
phosphatase activity in cell culture medium containing
colorimetric enzyme substrates.

Cells were cultured in DMEM high glucose
(Dulbecco’s Modified Eagle Medium; DMEM, Sigma,
St Louis, MO) containing 4500 mg/1 of glucose, 10% (v/
v) heat-inactivated fetal bovine serum (Gibco, Dublin,
Ireland) and 1x HEK-Blue Selection solution
(InvivoGen, San Diego, CA, USA) and grown at 37°C
under a humidified atmosphere at 5% CO, in
a dedicated incubator (MCO-18AC, Panasonic
Biomedical, Leicestershire, UK).

Cells were first amplified in 75 ml culture flasks and
sub-cultured every 4 days. For experimental trials, HEK
cells were seeded from a single stock culture flask at
a density of 10* cells per well in 96-well plates.
Inflammatory response was stimulated 4 hours after
seeding by incubation with bacterial lipopolysaccharide
(LPS) dissolved in Phosphate Buffered Saline (PBS)
(Sigma, Mo. USA). A final concentration of 100 ng/ml
LPS was used for all tests. Negative control cultures
were obtained by adding inert physiological saline
(PBS) at the same volume as the LPS substrate to the
control culture medium. After LPS addition, cell cul-
tures were incubated for a further 16 hours before
transfer to the relevant exposure conditions (LLF,
PEMF or Infrared light). All cultures were grown in
parallel from the same cell stock culture and under
identical conditions.

2.2 Low-level magnetic field exposure conditions

Two types of electromagnetic fields, Low-Level static
magnetic field (LLF) and pulsed electromagnetic fields
(PEMF) were used as treatment conditions. The LLF in
this study was generated by a Mu-metal cylinder 15 cm
in diameter and 30 cm in height with 1 mm of thick-
ness placed within the incubator. The 96-well culture
plate was placed at the center of the Mu-metal cylinder
where the intensity of the static magnetic field was less
than 2 yT as measured with a Fluxgate magnetometer
Mag-03 H (Barrington Instruments, Oxford, UK). The
LLF condition was applied for either 10 min every 12 h
over a 48-hour interval, or else continuously for 48 h.
The sham condition for LLF treatment was performed
as described previously in [1] A Helmholtz coil (10 cm
diameter, at a separation of 10 cm) was inserted into
the u-metal cylinder. Each coil consisted of 20 windings

of copper-wire of 1 mm diameter. The current pro-
vided to the coils generated a 40 pT static MF, which
is the strength of local magnetic field inside the incu-
bator. For each exposure condition, 5 duplicate wells
were analyzed and averaged to obtain the results for
a single experimental measurement.

2.3 PEMF exposure conditions

The PEMF stimulus was generated by an E-cell device
(EC10701; GEM Pty Ltd., Perth, Western Australia).
The frequency, intensity, and signal shape characteris-
tics have been fully documented in our former studies
[see Supplement, 43]. The device contains a coil with
horizontal dimensions of 9 x 5.5 cm and 200 turns. The
top of the device was placed 12 mm below the 96-well
plates for the PEMF exposure. Details of the relevant
controls for temperature and possible artifactual effects
are all as previously described [See supplement, 43].
During the 10-minute stimulation period, PEMF was
applied at a frequency of 10 Hz and with peak magnetic
intensity of 1.7 mT, around 40X higher than the Earth’s
magnetic field.

In our experiments, the PEMF exposure was applied
for 10-minute intervals at a time, and given repetitively
every 12 h for 48 h. Control cells were grown in an
identical manner (induction of inflammation by
100 ng/ml LPS) but maintained without exposure to
either LLF or PEMF magnetic field stimulation. For
each exposure condition, 5 wells were individually ana-
lyzed and averaged to provide a single data point in
a given experiment.

For the sham PEMF experiments, the control condi-
tion (growth in the incubator under no applied mag-
netic field - see above) was compared to that of a sham
PEMF treatment induced through a reverse-wound
PEMF device. The reverse wound coil device provides
the same current as the test PEMF signal, however
produces no pulsed magnetic field; this control is fully
documented previously [43, see supplement Fig.7]. Cell
cultures grown under control conditions were com-
pared to the sham PEMF exposed cultures.

2.4 Infrared exposure conditions

Infrared exposure was achieved using two different
illumination methods. For the cell culture experiments,
a pre-mounted 7 - LED array of Far Red (720 nm)
Rebel LEDs mounted on a SinkPAD-II 40 mm Round
7-Up base with output of 780 mW@350 mA (cat. No.
SP - 02- D4 LED module) purchased from Luxeon Star



LEDs, Alberta, Canada. The wavelength range was
between 720 and 750 nm. The LED array was placed
20 cm above the 96-well culture plate to create
a uniform beam for illumination of the culture plates.
Infrared light intensity was detected by a Quantum
light meter (LI-185B, Li-Cor, Lincoln, NE, USA) with
a pyranometer probe (Li-Cor, Lincoln, NE, USA).For
experiments involving penetration of pork ribs and
muscle tissue, the Cool - IR 720 nm High Output
Floodlight and Cool IR 720 nm High Output bulb
(https://paris.craigslist.org/fod/d/custom-led-light-
bulbs/7301609363.html) was obtained from Synlyte,
Massy Palaiseau, France (synlyte@synlyte.com).

Activation of the LEDs during cell culture was con-
trolled by a custom-built automated programmable
switch as described previously (Pooam et al, 2019).
Briefly, the switch was created using a 4-channel 5 V
power relay board using GPIO pins of a Raspberry Pi
3B Light Starterkit to power on infrared LED illumina-
tion. The infrared sequence was programmed to switch
on for 10 min. every 12 h over a total time of 48 h. The
control condition was performed in an identical man-
ner (inflammation was induced with 100 ng/ml LPS),
and cultured in the darkness without infrared
illumination.

2.5 Alkaline phosphatase assay for monitoring
inflammation

The inflammatory response of HEK-TLR4 cells was
measured by determining the enzyme activity of the
secreted alkaline phosphatase (SEAP) reporter gene,
which was normalized to the total concentration of
cells per well. SEAP enzyme activity was assayed at
the end of the 48-hour growth period by removing
20 pl of cell culture media from each of five duplicate
wells subjected to the treatment condition. The culture
media samples were then mixed with 180 ul of
QUANTI-Blue™ detection solution (Invivogen)
which contains the AP colorimetric substrate and incu-
bated in accordance with manufacturers specifications
(30 minutes at Room Temperature) in a fresh 96-well
plate. Alkaline phosphatase activity was measured as
the absorbance of the detection solution at 620 nm
using an Epoch microplate reader (BioTek, Winooski,
Vermont, USA). Values from five duplicate wells were
averaged to obtain a single experimental data point.

In order to detect possible differential cell growth
effects resulting from these treatments, the HEK-TLR4
cells were also measured for total protein concentration
in each well after the treatment period, using the DC
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Protein Assay kit (Bio-Rad Laboratories, Mississauga,
ON, Canada). Briefly, the culture medium was removed
from each of the 5 duplicate wells subjected to experi-
mental conditions. 20 pl of cell lysis buffer (25 mM
Tris-HCl pH 7.4, 150 mM NaCl, 1% NP-40, 1 mM
EDTA, 5% glycerol) was added to the cells inside the
culture wells to induce cell lysis and achieve protein
solubilization. The total lysate was then transferred into
a fresh 96-well plate and mixed with the DC protein
assay reagents as recommended by the manufacturer.
The levels of total proteins were measured by absor-
bance at 750 nm by an Epoch microplate reader
(BioTek). The absorbance value of QUANTI-Blue™
Solution (OD620), representing secreted alkaline phos-
phatase activity, was subsequently normalized to the
total protein concentration (OD750) and presented as
a ratio (OD620/0D750).

A background level of alkaline phosphatase secretion
was observed in cell cultures that had not been exposed
to LPS after the 48-hour incubation period, which did
not respond to anti-inflammatory treatments. This
background SEAP value was subtracted from the values
obtained from the LPS-stimulated cell cultures to
obtain the TLR-4 dependent component of the inflam-
matory response. The effect of treatments is expressed
as the percentage of inflammation achieved after LPS
induction in IR, PEMF, or LLF treated groups as com-
pared to the SEAP secretion response of untreated
control cells that had received LPS stimulation.

2.6 Statistical analysis

For each individual experiment, the data from 5 dupli-
cate wells at the exposure conditions were averaged
with determination of SD and SEM. Each experiment
was then repeated for a total of five biological repli-
cates, which were used for statistical analysis. Data were
analyzed using GraphPad Prism version 7.4.2 for Mac
(GraphPad Software, La Jolla California, USA). Results
are expressed as the mean * standard error of the mean
(SEM). The percentage of inflammatory response in the
control (LPS stimulated, but not exposed to treatments)
samples were compared to each of the treatment group/
or sham group that had undergone therapeutic inter-
vention (LLF, PEMF, infrared or Sham PEMF and
Sham LLF). Comparisons were made among cultures
grown at the same time from the same original cell
stock. Data were analyzed for normality with the
Shapiro-Wilk test and the equality of group variances
with Brown-Forsythe test. The difference between trea-
ted and control conditions for the inflammatory
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response was compared by using One-way ANOVA
analysis and followed by Holm-Sidék’s multiple com-
parisons test. Differences were considered statistically
significant with a p-value < 0.05 (*), <0.01 (**).

3. Results

For our experiments, we have used a commercially
available engineered laboratory HEK (human embryo-
nic kidney) cell line that permits easy monitoring of the
inflammation response via a simple colorimetric assay
(see methods). It incorporates the TLR4, MD-2 and
CD14 co-receptor genes which confer induction of the
inflammatory response by addition of a bacterial lipo-
polysaccharide extract to the culture media. The cell
line is further stably transformed with a secreted repor-
ter gene (SEAP - secreted embryonic alkaline phospha-
tase) under the control of an inducible promoter
activated by AP1 and NFKk1, which are global regulators
of inflammatory responses including the ‘cytokine
storms’ caused by COVID-19. The concentration of
the secreted SEAP in the culture medium can be mon-
itored by a colorimetric substrate detected spectrosco-
pically by absorbance at O.D. 620 nm (see methods). As
a consequence, this cell line provides a robust model for
the mechanism of inflammation that occurs in lung
alveolar cells.

In our initial experiments, we tested the inflamma-
tory response of HEK cell cultures in response to
100 ng/ml lipopolysaccharide stimulation (Figure 1,
left panel). The inflammatory response is measured by
the secretion of SEAP, whose concentration can be
monitored at the conclusion of the 48 hour experimen-
tal period using a colorimetric substrate that is added to
the culture media (Methods). To avoid possible bias
due to differential cell growth, SEAP expression was
normalized to total cellular protein concentration from
the lysed cells in each well. The results (Figure 1)
showed that there was significant stimulation of SEAP
levels by LPS addition, as seen by the difference com-
pared to the basal levels in control cells (compare white
to gray bar, right panel). Thus, the cell culture system
provides a means to measure the inflammatory
response induced via a signaling pathway implicated
in onset of respiratory distress.

We next tested the effect of a single intensity of IR
exposure on the inflammatory response (Figure 1, right
panel). LPS- stimulated cell cultures were exposed to
Infrared light generated by high-output LEDs at an
intensity of 6 W/m? for 10 minutes at 12-hour intervals
over a period of two days (see Methods). Following IR
exposure, a marked decrease in the inflammatory
response was observed in LPS induced cells (gray bar,
compare left to right panel). Preliminary experiments

4
3 nolLPS
3 100 ng/ml LPS
—
o I
n
B
[e) ——
S 27
N
©
o
(@]
14 T
= ==
0 T T
Control Infrared

Figure 1. Induction of inflammation in HEK-TLR4 cells. HEK-TLR4 cell cultures were treated with or without 100 ng/ml LPS to induce
inflammation as described (see Methods). The Control cell cultures (left panel) were subsequently maintained in the dark in the
incubator for 48 hours without further intervention. The Infra-Red treated cells (which included both LPS induced and non-induced
cultures) were exposed to 720 nm Infrared light pulses for 10 minutes at 6 W/m2, at 12-hour intervals over a two day growth period
(right panel). The inflammatory response (0D620/0D750) was quantified as the absorbance of the QUANTI-Blue SEAP substrate at
620 nm. normalized to the total protein concentration(absorbance at 750 nm)(see Methods). Infrared light was successful in reducing
inflammation in LPS - stimulated (Grey Bars) but not unstimulated control cells (White Bars). Data are shown as the mean + SE taken
from five individual wells of one representative biological experiment.



showed that optimal decrease in the inflammation
response was observed when IR exposure occurred
every 12 hours; once a day or more frequent exposures
were less effective. However, even when provided at the
optimal condition of once every 12 hours, IR exposure
caused no significant change in the basal SEAP secre-
tion from cells that had not been induced with LPS
(compare white bars, left and right panels). Therefore,
IR exposure reduces inflammation triggered by activa-
tion of the TLR-4 dependent signaling pathway in these
cell cultures, but has no significant effect on healthy
cells.

An important question concerning the effectiveness of
IR treatments is determining the optimum dose. Figure 2
reports the results of IR treatment at 10-minute exposures
once every 12 hours, and at IR light intensities varying
from 2 to 6 W/m?. The inflammatory response is expressed
as a percentage of that measured in the untreated control
(white bar). All of these intensities resulted in a 30-40%
decrease in the TLR-4 induced inflammatory response.
There was little change in overall effectiveness at light
intensities that varied over this entire intensity range,
although effects were more scattered at the lower light
intensities. This suggests that raising the light intensity
above the minimum required to produce an anti-
inflammatory response provides neither added benefit
nor harm.
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We next investigated the efficacy of electromagnetic
fields on the progress of inflammation in HEK - TLR4
cell cultures. We first tested the effect of Low-level
static magnetic fields, since lowering the magnetic
field strength significantly below the Earth’s magnetic
field (40uT inside the incubator) has been previously
reported to modulate cellular ROS signaling in cellular
cultures [44]. A Mu-metal funnel placed inside the
incubator was used to create a low-level magnetic
field of less than 2 uT at its center (see Methods).
Cells were placed into this funnel for LLF exposure
treatments. HEK-TLR4 cell cultures were treated with
LPS to induce the inflammatory response and subse-
quently placed in this funnel either continuously for
48 hours, or for short 10-minute exposure periods
every 12 hours.

The results are shown in Figure 3. When cells were
exposed to a LLF for 48 hours, they consistently showed
a 20% decline in the inflammatory response as compared to
control cell cultures. Importantly, the same effect was found
when exposure to Low-Level fields was for only 10- minute
intervals, given once every 12 hours. Therefore, simply redu-
cing of the Earth’s magnetic field for short periods can reduce
the inflammatory response mediated by a signaling mechan-
ism related to COVID-19 infection.

A widespread form of electromagnetic field stimula-
tion has involved the application of PEMF (pulsed
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Figure 2. Effect of Infrared Light exposure on the HEK-TLR4 inflammatory response. The inflammatory response was induced
in cell cultures by incubation with 100 ng/ml LPS and followed by exposure to 720 nm infrared illumination at the indicated
intensities as described in Methods. The control condition represents inflammatory response of HEK-TLR4 cells exposed to 100 ng/ml
LPS in the incubator with no exposure to infrared light. The decrease in the induced inflammatory response after exposure to IR light
is expressed as a percentage of the Control. Data represent the mean + SE of five independent experiments (N = 5). The asterisks
indicate significance level of the differences: *p-value < 0.05 and **p-value < 0.01.
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electromagnetic field) devices, which are currently in
medical use for a variety of illnesses (see Introduction).
In this study, we used a device emitting at a frequency
of 10 Hz (Methods) which has been previously shown
to modulate the concentration of intracellular ROS in
HEK cell cultures [43].

To test a possible effect of PEMF on inflammation,
we induced HEK-TLR4 cell cultures with LPS to induce
the inflammatory response and subsequently exposed
them to Pulsed Electromagnetic Fields for 10-minute
intervals every 12 hours, over a 48-hour period (Figure
3). This treatment was found to significantly reduce (by
20%) the inflammatory response as compared to the
untreated control condition. By contrast, mock-exposed
control samples showed no significant difference as
compared to untreated controls (Figure 3).

In sum, our results have shown that both light
(Photobiomodulation therapy) and electromagnetic
fields (either Static or Pulsed Electromagnetic Fields)
can be effective in reducing inflammation related to the
TLR4 - dependent signaling pathway in human cell
cultures. Their efficacy ranges from 20% (electromag-
netic fields) to 40% (Infrared) reduction in inflamma-
tory markers over a 48-hour period.

4. Discussion

In this work, we provide evidence for anti-
inflammatory effects of both photobiomodulation
and electromagnetic fields in human cells relevant
to the COVID-19 pandemic. In particular, we show

that both treatments reduce the response induced
through the TLR4 receptor signaling pathway,
which has been directly implicated in the onset of
Acute Respiratory Distress syndrome and cytokine
storms associated with viral pathogens [42]. These
treatments should therefore be effective against the
hyper - inflammation in alveolar cells resulting from
COVID-19 infection.

4.1 Current medical status of PEMF and PBM
therapy

Both PEMF and PBM treatment are noninvasive, cost-
efficient, do not require hospitalization, and have
shown clinical effectiveness in reducing inflammatory
conditions. Most importantly, no negative side effects
have been detected and both PEMF and PBM devices
have been approved for certain therapeutic purposes.

Nonetheless, they are not considered ‘mainstream’
therapies and are not widely used to treat infectious
diseases. There are several reasons for this. Firstly, there
are effective vaccines and pharmaceutical agents that
target most pathogens, so there is no need for inter-
ventions that simply improve survival without attacking
the pathogen. Secondly, underlying biochemical
mechanisms have not been understood sufficiently,
retarding their acceptance by the medical community.
And thirdly, because of the vastly differing protocols
and device types used in different studies, there has
been inconsistency in the published findings as to
their clinical effectiveness.
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Figure 3. Effect of low-level static magnetic field (LLF) and pulsed magnetic field (PEMF) on HEK-TLR4 inflammatory response. The
inflammatory response is shown after incubation with 100 ng/ml LPS and exposure to PEMF condition (10 Hz PMF) or LLF condition
for 10 min/12h for 48h (N=4; 10 Hz LLF) or continuously for 48h (N=5; 48h LLF) in comparison to the Control (magnetic field inside
the incubator of 40mT) for each condition (Control PMF, Control LLF). The Control condition represents the inflammatory response of
HEK-TLR4 induced by 100 ng/ml LPS, after 48 hours growth in the incubator at the local geomagnetic field with no exposure to LLF
(see methods). The sham for PEMF and LLF conditions (See methods) also present and they have no significantly different when
compared to their Control conditions. Data are shown as mean + SE. The asterisks indicate significance level of the differences: *p-

value < 0.05.



All of these difficulties have in principle been
addressed in recent years. Firstly, there are few known
effective, affordable drug therapies for COVID-19 at
this time [1], the testing of alternative therapies seems
to be particularly pertinent.

Secondly, recent studies have addressed the underlying
biochemical mechanisms that mediate therapeutic benefits,
by demonstrating that both light and electromagnetic field
exposure treatments result in the modulation of intracellular
ROS (reactive oxygen species). In PBM therapy, this can
occur as a byproduct of respiration stimulated through
mitochondrial cytochrome absorption of long-wavelength
light [15,45], whereas magnetic fields can induce ROS
through quantum physical effects on cellular redox chemis-
try [46, 43, 44]. Although at high concentrations, ROS are
toxic, at the much lower physiological concentrations main-
tained in living cells, ROS are essential signaling intermedi-
ates regulating numerous cellular defense and repair
pathways. This phenomenon, referred to as ‘redox biology’
[47], can now explain many of the beneficial effects of PEMF
or PBM stimulation, for example, in regenerative medicine,
wound healing, and resolution of both chronic and acute
inflammation, all of which involve ROS signaling pathways.
The role of ROS signaling in immune response is complex
and can involve both positive and negative effects. However,
ROS are required for bringing under control of the hyper-
inflammatory response in some model systems [48,49]. As
a consequence, slight changes in cellular ROS as caused by
PEMF or PBM stimulation may be the means whereby they
could play a beneficial role in down-regulating the hyper-
inflammatory response and perhaps other intermediate
steps.

Thirdly, technological advances regarding new sensors
and markers combined with digitalization have led to
a much accelerated and more reliable generation of Real
World clinical data. With such technologies and methods
becoming readily available — some even provided as wearable
devices - the efficacy of therapeutic interventions are being
demonstrated faster and with superior quality and reliability.
As a consequence, dose and exposure conditions (such as
timing) can be adapted in a real-time mode, to each patient
throughout the course of the disease to achieve optimal out-
come. These tools are in the process of paving the way for
personalized medicine in future therapeutic applications.

4.2 Infrared light exposure conditions for
application to COVID-19 clinical trials

Optimal anti-inflammatory effects were obtained by
10 minutes of Infra Red exposure provided at an inten-
sity of 6 W/m” to cell cultures twice daily. This
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treatment achieved a reduction of 35% in the TLR4-
mediated inflammatory response of exposed cells as
compared to the control, untreated cell cultures over
a 48-hour period (Figure 2). In our study, we used
LEDs at 720 nm peak wavelength (see methods)
because this wavelength shows optimal penetration of
water without generating heat, unlike red light (which
barely penetrates the skin) or the far-infrared wave-
lengths which penetrate poorly and furthermore gen-
erate enormous heat. In fact, the wavelengths currently
used in PMB therapy vary greatly in different studies,
and span both the red and infrared spectral regions
(600-900 nm) [15]. Assuming all such treatments acti-
vate a similar cellular mechanism, wavelengths outside
of the range used in this study (720 nm) may show
therapeutic effects. However, exposure conditions may
need to be first carefully calibrated in cell culture con-
ditions, and even more importantly evaluated for their
efficiency in penetrating deep into the chest cavity (see
below).

In fact, a serious problem pertaining to the clinical
effectiveness of Photobiomodulation therapy is that
light may not efficiently penetrate the chest cavity. To
address this question, we have experimented with pork
ribs, which are similar in size to a human rib cage. For
our experiments, we used commercially available high
output 720 nm LED floodlights and/or 720 nm high
output LED bulbs (see methods). Using either of these
illumination sources, we observed that adjusting the
720 nm light intensity at the pork skin surface to
850 W/m® resulted in 6 W/m® penetrating the pork
rib cage as well as a further 2 cm of muscle tissue
placed underneath the ribs. Thus, adjusting exposure
intensity at the skin surface to 850-1000 W/m?> range
using any 720 nm light should provide a therapeutic
dose to treat inflammation in lung tissue lying directly
underneath. This level of intensity is in agreement with
that of a laser used in a previously published Case
Report of treating a COVID-19 patient with light
[50]. However, in that study, the wavelength was at
810 nm.

However, the beam width for most lasers in medical
use is much too narrow to cover the whole lung surface,
necessitating extended exposure times which may not
have been optimal in the prior study [54]. Furthermore,
it is unfortunate that most commercially available LED-
based photobiomodulation devices do not emit at an
appropriate wavelength and/or high enough intensity
range for chest therapeutic uses. Those that do achieve
high intensity, such as in the case of incandescent
infrared bulbs, unfortunately generate such high
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amounts of heat that they cannot be applied close to the
skin surface. In contrast, the high-output 720 nm LED
lamps used in this study provide Infrared light of the
appropriate spectrum, intensity, and with a suitable
broad beam, and are currently available for horticul-
tural applications.

A final caveat is that IR light does not efficiently
penetrate bone, even at very high intensities, creating
potential shadows over lung regions directly beneath
the ribcage. Therefore, IR treatment should likely be the
most optimum if illuminating from both sides of the
patient (front and back) simultaneously, to reach max-
imum lung surface tissue. A suggested use of IR in the
treatment of lung inflammation, using suitably posi-
tioned LED lights of the proper wavelength and inten-
sity, is provided in Figure 4.

4.3 Therapeutic electromagnetic field exposure
conditions for application to COVID-19 clinical
trials

Problems of signal penetration do not apply to electro-
magnetic field treatments, which pass through the body
without impediment. Both LLF exposure and exposure
to a commercially available PEMF (Pulsed
Electromagnetic Field) device (Methods) have proved
beneficial in reducing the inflammatory response by
around 20%, over a two-day period (Figures 3, 4).
Electromagnetic fields seem to be somewhat less effec-
tive than IR exposure (Figure 2), and a combination of
both treatments (PEMF and PBM) provided simulta-
neously did not result in added anti-inflammatory
effects in cell cultures (not shown). However, given
the more efficient penetration of electromagnetic fields

720nm
Floodlight
(2000w/m2)

720nm
Led Bulb
(1500 w/m?2)

Figure 4. Model for the possible application of Infrared Light in the treatment of lung inflammation. LED light sources of the
necessary 720 nm wavelength and light output intensity (achieving an intensity of 1000 W/m? at the skin surface) can be applied
either in the form of A. Two Floodlights (left panel) or as B. Four High Output LED Bulbs (right panel) (see Methods for specifications
and origin of light sources). To provide the required 10 minute light pulses to the inflamed lung tissues at the necessary light
intensity, these lamps should be positioned on both sides of the chest cavity and illuminated simultaneously to achieve maximum
light penetration. The distance from the lamps to the skin surface should not exceed 5-10 cm to achieve the necessary intensity of at
least 1000 W/m? at the skin surface. Temperature at the skin surface using the two 720 nm Infrared Light sources does not increase
beyond 5° above the ambient temperature during 10 minutes continuous illumination.



through the body, a combination of PEMF and PMB
therapy may prove the optimal therapeutic treatment.

A cautionary note in the use of PEMF therapy is that
commercially available PEMF devices vary greatly
regarding intensity, frequency, and signal shape, and
do not all induce identical biological responses [51,52].
Therefore, only devices that have been properly tested
and calibrated for reducing inflammation in cell cul-
tures should be considered for clinical trials.

By contrast, Low-Level Fields are simple to produce
and apply, as all that is required is a Mu metal funnel of
sufficient diameter and thickness (which the supplier
can recommend). A Mu-metal funnel into which
a hospital bed can be inserted for 10-minute exposure
intervals once every 12 hours, should be effective, and
could be used in combination with
Photobiomodulation to realize maximum benefit of
both therapeutic strategies.

4.4 Combinatorial effects with anti-inflammatory
drugs

An additional suggestion for therapeutic applications
follows from the fact that both PBM and electromag-
netic fields transiently stimulate ROS (reactive oxygen
species), which are known to modulate the immune
response in complex ways [53]. Drug/pharmaceutical
agents cannot be applied locally and/or transiently
switched on and off as in PEMF and PBM stimulation.
Therefore, the cellular pathways regulated by PEMF
and PMB stimulation are likely to occur by mechan-
isms that are complementary to those which are tar-
geted by anti-inflammatory or anti-oxidant drugs.
A promising therapeutic pathway to augment the effi-
cacy of PBM and PEMF therapy might therefore be to
combine their use with anti-inflammatory pharmacolo-
gical agents.

4.5 Conclusion

Our experiments with InfraRed irradiation and
Electromagnetic field exposure have resulted in signifi-
cant reduction of inflammation in human cell cultures
relating to COVID-19 induced pathology. The neces-
sary instruments, particularly in the case of infrared
light, are readily available at low cost with no toxic
side effects. However, all of our work has been per-
formed in cell cultures and, though highly suggestive,
cannot represent proof of effectiveness. In fact, the only
credible way to prove that this method is workable,
safe, and effective is to perform carefully controlled
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clinical trial on COVID-19 patients who have devel-
oped lung inflammation. Given the urgency of the
epidemic and its increasing cost in lives, we nonetheless
hope that these initial studies will provide solid gui-
dance to quickly translate our findings into clinical
efficacy and would welcome the chance to collaborate
on such future trials.
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