Ultra Violet and Visible Light as Therapeutic Tools for COVID -19

Original Research Article

ABSTRACT

Covid-19 is a disease which has become pandemic because of transmission of the tiny, single
stranded virus, called SARS-CoV-2 or SARS-2. It has infected so far 168 million people with a
death toll of 3.6 million in 210 countries. The world has seen worse pandemics but this COVID 19 is
the most widespread in the human history quite probably due to the global travels.

A few vaccines for this disease is still in different stages of trial and acceptance and there are only
three ways of prevention: 1. Avoiding crowds, 2. Wearing a mask when you go out and 3 Keeping
hands clean.

The contents presented in this article are the innovations that employ light as the fourth dimension
of corona prevention and therapy. One can use UVC (at 222 nm from an excimer lamp or LED or
the fourth harmonic of Nd YAG laser at 266nm) for direct irradiation on oral cavity; or visible light
(450 nm from blue LED or white light from a handy mobile) for photodynamic action with curcumin
(of common house hold turmeric) as the photo sensitizer. Both could work as therapeutic tools of

significant potency.

Keywords: Covid -19 prevention and therapy; UVC light at 222 or 266nm; Photo dynamic activity with

curcumin — blue LED; mobile white light.

1. INTRODUCTION

A variety of diseases are caused by the
microorganism such as mold, spore, fungi,
bacteria and viruses, with the last two in the
lower rungs of the ladder. A bacterium is a
single-cell organism and exists all by itself
without entering into the human cell. So, an
antibiotic can be employed to kill a bacterium
without any serious “collateral” damage to the
adjoining human cell. This is not possible with
the viruses as there are just RNA or
DNA “virions” or “particles”, which can replicate
only inside a cell feeding on the intra-
cellular substances. Any attempt to eliminate a
virus entails serious implication on the
host cell.

The variety of viruses can be broadly classified
as single strand RNA (SSR). Double stranded
RNA (DSR), single stranded DNA (SSD), double
stranded DNA (DSD). Out of these the recent
ravages caused by SARS 2 and the forerunners
SARS 1 and MERS 1 all belong to SSR
category. All three virulent strains are
transmissible between humans.

Coronaviruses are round enveloped viruses and
approximately 80 to 120 nm in size. They contain
single stranded positive-sense RNA, with the
largest RNA genome, approximately of 30 Kbp. A
helical capsid within the viral membrane is
formed by the RNA complexes with the basic
nucleo-capsid (N) protein (Fig 1).

The Corona virus contains three major proteins:
Membrane protein (M), Spike protein (S),
Envelope protein (E). Spike protein that
facilitates the fusion and entry mechanism is
subdivided into S1 and S2 regions, forming
crown-like morphology (hence corona) of the
virus as in the electron microscope. The entry of
coronavirus into the host cells is mediated by the
trans- membrane spike (S) glycoprotein homo
trimers that are present all over and protrude
from the viral surface. The functional receptor for
the newly evolved corona virus is ACE2 receptor
protein, (angiotensin-converting enzyme 2) . The
domain B of S1 region in SARS-CoV-2 engages
human ACE2 (hACE2) with higher affinity than
SARS-CoV-1. The efficient transmission of
SARS-CoV-2 in humans is partly explained by
this tight binding; in addition, the receptor-binding
domains undergo different conformational




changes based on functions performed, due to
rapid mutation.

The reason for recent SARS-2 variant’s virulence
is because of their flexible receptor binding
domains and the possible covalent bonds

between the ACE2 and the S-protein. In
contrast, the corona viruses that cause the
common cold are less dangerous because they
are less flexible and the bond formation is less
efficient [1-4].
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Fig. 1. The cut -away structure of SARS-2 virus (an artist view based on electron microscope
image)

Like the other respiratory pathogens such as flu
and rhinovirus, the transmission of SARS-CoV-2
occurs through respiratory droplets (aerosols)
from coughing and sneezing or by being carried
to oral cavity especially in closed areas or nasal
mucosa by hands (fomites) from the virus-
infested surfaces. The maximum incubation
period from infection to appearance of symptoms
is 14 days. The disease caused by SARS-CoV-2
is called the COVID-19.

Once the virus enters the host, it is mostly found
in the upper respiratory tract (nasopharyngeal
and pharyngeal) and then the lower respiratory
tract. Once the virus reaches the airways, the
spike protein binds to ACE2 on the surface of
cells.

ACE2 is an enzyme present on epithelial cells of
various tissues, which lines up and creates
protective barriers. ACE2 is predominantly found
on lung, heart, kidney, and intestinal cells,
making these cells the target for infection by the
virus. More often the virus infects the alveolar
cells responsible for exchange of O, and CO,,
consisting of ACE2 receptor (of alveolar T2
pneumocytes). Due to the damaged ACE2, the
angiotensin (II) causes cell death.

The following are the major differences in the
genomes among three virulent corona viruses
though all contain the four nucleotides: adenine
(A), guanine (G), and cytosine(C) thymine (T);
bp= base pair

SARS CoV-1 : Genome full length (29759bp) |
A(28% 8483) | T(33% 9145) | G(20% 6188) |
C(19% 5943) : infectivity parameter R 1.8% and
fatality rate is 9.5%

SARS CoV-2: Genome full length (29903bp) |
A(29% 8954) | T(34% 9594) | G(19% 5863) |
C(18% 5492) : infectivity parameter R 2.5% and
fatality rate is 2.5%

MERS CoV : Genome full length (30119bp) |
A(26% 7900) | T(34% 9799) | G(20% 6304) |
C(20% 6116); infectivity parameter R 0.7 and
fatality rate is 34.4%

The above data strongly indicate that Covid 1
and Covid 2 are structurally very similar but the
latter one has become worldwide pandemic
mostly because of over whelming global travels.
This means the safest and simplest way to keep
away from Covid 2 is to keep away from the
crowd.

However, once someone has got infected the
following light-based therapies are possible



options, to be worked out as a realistic protocol,
for partial or total recovery.

1.1 Ultraviolet Laser / Light Therapy

The COVID - 19, is an SSRNA virus and is the
most vulnerable. It has a set of nucleotides
(AGUC) as the genetic core and a set of
glycoproteins in the spikes. The absorption
spectra of these nucleotides are given below in
Fig 2 [5-8].
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Fig. 2. The UV Absorption spectra of nucleotides of the virus

Since these nucleotides are conjugated aromatic
molecules, they have strong absorption € =
10,000 lit/mole, with the peaks from 245
to277nm. In addition, the glycoprotein consists
mainly of tryptophan which also has absorption
peak 275nm.

The instrument will be a portable ultraviolet Nd-
YAG laser working at 266nm (fourth harmonic) or
the excimer lamp /or LED at 220 nm or LED at
275 nm (See Fig 3). Each has its own
advantages and limitations. Whatever the
source, the average power could be optimized to
10 mw. This will be used to “spray photons” to
disinfect surfaces. Whereas the LED is the best
and inexpensive for shining as a cone, the laser
beam can be launched into a quartz optical fiber
and even upper part of lungs could be accessed
through suitable endoscopes. The duration of
spray will be of few (5 -10) seconds, repeated
thrice, with few minutes interval-based trial and
errors.

This will ensure a total dose of 2 mJ /cm?® area
(which amounts to 3x10*°photons in a penny size
area). In a systematic in vitro study done by a
host of others mostly onSARS-1 and 2, this is an
optimal dose at 254 to 275 nm without any side
effect on substratum cells [8-10]. This dose,
obtainable easily from 20 mw LED at 275nm

available in the market, is quite effective in hand
sanitization [9-13] without any adverse effect on
the skin surface of the hands. Even better would
be LED or lamp at 222nm.

As shown by Manuela Buonanno, et al [14] the
cells (of size 500nmor more) of the tissue scatter
away most of the incident light, practically no
absorption takes place, hence no damage to the
cells at this wavelength; but corona could be
deactivated because the virus is of 80nm size
and absorbs this light and gets killed; this would
be the ideal UV source for sanitizations of any
part of the body. There are 5w or 12w Kr CI
excimers lamps from which an intensity at 100
microwatt / cm’is obtainable; or LEDs are
obtainable but the power levels are about only
1mw or even less; In addition the cost, durability
of product are yet to be optimized; in spite of all
these constraints LEDs at 222nm are very
promising for UV radiation therapy of
Covid 19.

It is important to reiterate that a virus has a
number of biomolecules of broad band
absorption so that a laser at 266 nm or, or super
luminescent diodes at 222,255, 265 or 275 nm all
can be effectively employed. Among them, pico-
sec laser will be much more effective because
the short duration photon shower, like a volley of



bullets, will do ablation, just breaking the bonds
to produce photo-dimers and thereby disrupting
the viral replication process. Such picosecond or
femtosecond pulses have proved very successful
in photorefractive kerectomy (PRK) with selective
impact on the target with negligible collateral
damages.

The only concern in the whole modality is the
possible side effect of UVC. Three
considerations can be pondered: 1) The

irradiance and fluency could be so carefully
chosen such that it is too high for the virus and
too low for the normal cells. In fact, according to
the two well-known reports [10-13 ] the threshold
level for 90 percent germicidal effect gLD90 for
Covid 19 by UVC is only 1.1mJ /cm® but the
damage threshold of skin is 4.2 mJ/cm®. Thus, a
dose of 2mJ /cm?is found to be optimal. 2) It is
important to note that UVC is absorbed only by
3% by the skin tissues (see figure 4); so, it is
UVB more hazardous than UVC [9].
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Fig. 4. Hand held LED nose spray

Out all the possibilities LED at 222 nm as a
hand-held device for irradiation for the upper part
and the mode locked Nd YAG laser at
266 for endoscopic irradiation appear to be best
choice.

The worst that could happen is erythema and
some inflammation which could be taken care of
by the physician with suitable medication and
rest for patient.

Before the procedure, the mucous from the nose
or respiratory tract of the patient must be the
taken up out for counting (using RT-PCR or any
other suitable method) viral population: then after
“light spray” viral population will be evaluated
again for assessing the efficacy of the light
therapy.

This could achieve at least 50% reduction in the
viral load and hence the severity of disease and
mortality rate. In addition, the patient can carry a
hand —held photon sprayer, (see figure 5) as a
take- home companion, to eliminate periodic
cleaning (something similar to medicated aerosol
sprayer used for asthma patients). On this
account LED at 222nm scores over all others.

The above diagram clearly portrays how the
single stranded RNA housed safely inside thin
protein enclosure get hit by the UV photon which
shaps the H bond (shown as black dots)
between two nucleotides ( shown as red balls ).
This leads to mutation and the arrest of
replication.



It will be best during and after treatment for the
suspected cases in the quarantine period. All the
above are based on two essential concepts:
that substantial number of viral population are
available on the surface , outside the cells ,
(before being “ushered in” by the ACE2
receptor and also when they migrate out of first
host and in search of the next) so that the

photons can hit them hard and decimate them
and reduce their population; and third that there
is a threshold viral population for the onset of
disease and that ultraviolet photons need to
bring the viral load below this threshold. All these
are reasonable expectations and realizable
objectives [15,16].
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Fig. 5. Photon induced damages by the UVC light

1.2 Photodynamic Activity of Curcumin in
Conjunction with the Blue LED

Turmeric (with curcumin as the main molecular
composition) is a household spice called the
“golden spice", due to the multifarious medical
use and also its color. The technical
specifications for the effective use of this
phytochemical for the prevention or mitigation of
the present COVID -19 pandemic are outlined
below.

There are quite a few photosensitizers more
popular than curcumin such as photofrin for
cancer treatment and methylene blue for anti-
bacterial anti- fungal germicidal impacts. But
there are certain overwhelming advantages of
employing curcumin (the essential chemical in
the turmeric) for corona prevention [17,18].
First and foremost, it a common household
herb that has been used in food stuffs in a
variety of ways over few million people in tropical
or East Asian countries over a few hundred
years.

In addition, it is being employed as cosmetic on
the face and different parts of the body by many
women folk, again over a few hundreds of years.
Thus, it is a time-tested-phytochemical for

internal and external applications with proven
short term and long-term safety.

Secondly, it is an FDA (of the USA) approved
drug, one of the few from the East, to pass
through the modern scientific rigors of the West.
Further, the phytochemical property of turmeric in
controling CVD (cardio vascular diseases),
cancers, and liver diseases have been proved in
over 300 clinical trials [16-27]. In addition, it is
proven to be antiviral, anti-bacterial, anti-
inflammatory and antifungal. Curcumin has been
shown to elicit a strong antioxidant activity by
directly scavenging free radicals, even more
effectively than vitamin E.

Interaction between the invading Corona Virus
and the epithelial cell of upper and lower
respiratory track maybe summed up again.

This single stranded RNA virus makes use of its
spike protein of the virus to lock with ACE2
receptor enzyme and gains entry into the cell.
Once in, it makes use of the extra-nuclear
material of the host cell, for its own replication,
then leading to the mal- function and decay of
the host cell. After ravaging, the multiplied
corona virus can break open the host to invade
to the neighboring cells. (see fig 7).
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The small phytochemical curcumin is capable of
curtailing the corona replication in three steps: 1)
corroding the virus envelope, 2) inter-chelating
between the spike protein of the virus and the
ACEZ2receptor of the host. That is, the “hand
shake" between the virus and the receptor
enzyme is hindered. 3) The curcumin is capable
of modulating host cell signaling pathways (NF-

kB, DI3K-AKI) and also transcription
machineries, which disrupts the virus replications
inside the cell. (See fig 8)

All the above mechanism has been observed to
get enhanced many times by the photo
dynamic activity (PDA) with the help of a blue
light.
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The dynamics of PDA maybe outlined.

C(Sp)+hv(448nm) - > C*(S;) ->C*(T,)
C*(T1)+ 02 (T1)-> C(Sp)+02*(S1)+[ROH]*

That is, the curcumin molecule (C) has a strong
absorption at 448 nm (see fig 9) and when
irradiated with the blue light at 448 nm available
from blue LED (see fig 10) most of the molecules
get excited to S; state from the ground S, state.
From here, they relax to the triplet state (T;)
where they linger about 100nanoseconds
producing singlet oxygen ad photo-radicals which
destroy the nearby viruses. This is the well —
known photodynamic  activity =~ employed
commonly in skin cancer treatment and also for
antiviral activities [16-21].

2. METHODOLOGY

2.1 The Actual Execution of this
Therapy can be outlined as Below

PDA

About 10 mg of turmeric available in any herbal
shop is dissolved in 100 ml of warm water; it will
be a yellow liquid since turmeric is only partly
soluble and remains as a suspension in water.
This yellow liquid must be used to rinse the
mouth a few times so that the turmeric gets
coated all over the oral cavity; then the whole
mouth cavern must be irradiated with blue light
from LED for 5 minutes. (Fig.11). This dose of
photosensitizer and light will be sufficient to
reduce significant level of corona infection.
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Fig. 11. The emission profile of white LED of
any mobile

In order to verify the above contention, we very
much tried to do such an experiment with the
actual SARS-2, the -causative virus for the
pandemic Covid -19, but could not accomplish it
due to stringent Governmental protocols inthis
time of emergency; hence, we just did the
second best.

We carried out the experiment on the bacterium
staphylococcus aureus suspension treated with
turmeric with a concentration of 1mg/ml.The
media and the reagents were the well-known
set:0.9% NacCl, Soybean Casein Digest agar and
Lethean broth. The light source was a ring five
LEDs each of 0.25 w power at 448nm.The
exposure time varied from 75 seconds,150
seconds and 300seconds.



Bacterial strain used in this study was
staphylococcus aureus (ATCC 6538). They were
cultured in Soyabean Casein digest Agar (SCDA)
aerobically at 37°C and were grown for 24 hours.
The colonies were collected with the loop of 100
pL and inoculatedinto5 mL of SCDM broth. For
the quantification of colony-forming units (CFU),
the suspension was standardized by measuring
absorbance at in a photometer to an optical
density of 0.5 Macfarland at a wavelength of 620
nm, corresponding to approximate numbers 1.5 x
10° CFuU.

Samples were divided into four groups. Group A:
untreated Bacterial suspension. Group B:
Bacterial suspensions in the presence of
curcumin at concentration of 1 mg/mL. Group C:
Bacterial suspensions irradiated with blue light
(450 nm) in the absence of photosensitizer.
Group D: Bacterial suspensions irradiated
with blue light (450 nm) in the presence of
concentration of 1 mg/mL of Curcumin.
Group C and D went through a contact
period of 1.15 minutes, 2.30 minutes and
5minutes.

After completion of contact time, 1m1 each group
test plate had 10fold serial dilutions in sterile
diluents (up to 10-6) and plate the dilutions in
duplicate, to the SCDA media. They were
incubated at 32.5° C for 24 - 48 hours.

At the end of the incubation period, viable
colony counts were measured as outlined
above; and the whole procedure was done twice
and then the arithmetic mean was obtained. The
final report was made as shown in Table | which

showed significant germicidal impact on the
microorganism by the combined effect
of blue light and the curcumin chemical.

It is important to note that the above bacterium is
at least five times tougher, bigger unicellular
organism with a well defined cell wall and
organelle whereas the SARS-2 is a single
stranded tiny RNA virion with a flimsy protein
envelope. Hence PDA would be effective
even with much less chemical and light as had
been shown by others too for other viruses
[22-24].

2.2 Mobile LED instead of Blue LED

What more interesting is that these days almost
everybody carries a mobile phone which has a
white LED light. The spectral distribution of white
LED is exactly same as blue LED cited above
(FIG 11). The only difference is the additional
broad fluorescence band at 600nm coming out of
the coating made on the inner walls of LED (This
technigue was a take- off from the conventional
mercury lamp or tube light). The above
experimental protocol with turmeric on the same
bacterium was repeated with the five LED white
light from the five mobile phones. It showed an
efficiency 90% what we could obtain with 448 nm
blue LEDs.

3. RESULT AND DISCUSSION

The final result as shown in Table | showed
significant  germicidal impact on the
microorganism by the combined effect of blue
light and the curcumin chemical.
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Fig 12: Percentage of bacterial load reduction under exposure of chemical, light and combined
exposure of chemical + light



Table 1. Photodynamic action of blue light in conjunction with curcumin on a bacterium,
Staphylococcus aureus

TIME INTERVAL

1.15 minutes [2.30 minutes |5 minutes
17.18% 39.70% 43.75%

Bacteria with Chemical
Bacteria With Light 52.90% 77.90% 97.80%
Bacteria with Chemical + Light 81.25% 97.79% 98.93%

The above PDA can be employed almost
anybody anywhere with a bit of turmeric and
shine of white light from the handy mobile. There
is no need for any medical intervention as both
turmeric and light are quite safe. Curiously
enough if a person can rinse his mouth in
turmeric water and keep his mouth open for 30
seconds in the morning sun (keeping the eyes
closed!) that would give a total of 150 mJ/ cm?
which could be of substantial corona preventive
effect. (This calculation is done based on the fact
that the average solar energy is 170W/m?).

In addition to all the above, those who are not
specifically allergic to turmeric (suffering from
stomach acidity) can swallow a 50ml of turmeric
water too. (It should be done after consulting
your physician). Such an intake of turmeric is a
potential drug against cholesterol, triglyceride
and blood glucose. This, by itself is a very
valuable direct advantage; what additional
advantage is the reduction in the atherosclerosis
in the blood vessels, which reduces ACE2
receptor, which in turn reduces the chances of
getting infected by SARS CoV-2 [7-8].

4. CONCLUSION

In this report, new laser / light based therapeutic
modalities are proposed to reduce substantial
viral load in patients infected with COVID-19.
The first one is based on laser/LED induced
breakdown of H- bonds or photo reaction on
biomolecules of the virus. The source could be
preferably picosecond pulses from a UVC laser
at 266nm or LED at 222nm. By carefully
adjusting the irradiation and fluency, the thin
layer of virus population lingering outside the cell,
(waiting for the entry, or reentry in to the next
loot), could be decimated with minimal collateral
damage to the host cells. The use wavelength in
the far UV (220 nm) efficiently kills pathogens
without harming substratum human tissues. It
can become a hand -held device like an inhaler
for asthma patients.
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The second approach is the photo-dynamic
action employing blue LED (448nm or mobile
phone white light) and common “gold spice”
turmeric. In this case, the light as well as the
sensitizers are time -tested safe tools. In the
absence of any pharmaceutical solution and
enough vaccines to the disease these are
plausible alternatives. However, none of these
has been tested on the SARS2 virus by us for
the single most reason that we are NOT allowed
access to the virus or the patients in this hectic
time of emergency. Those who have such
access must take up this and confirm it.
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