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Background
Numerous studies have proven the effects of sun and ultraviolet
(UV) exposure on human skin, and various kinds of UV blocking
materials are often used to prevent skin damage from UV exposure.
Despite the world-wide use of these blocking materials, unwanted
biological influences such as long-lasting vasodilation, muscle thinning,
and skin laxity still occur [1-3]. Over half of solar energy consists of
near-infrared (NIR), and a wide range of preventative mechanisms have
been evolutionarily maintained in organisms to protect against effects
of NIR [3]. In addition to natural NIR, human skin is also increasingly
exposed to artificial NIR from medical devices and everyday electrical
appliances. Interactions between NIR and tissues, optical and thermal
responses of the tissues have been optically reviewed [4,5], and results
of many studies emphasize the necessity of further evaluation [6] as
NIR possesses high permeability, and can induce various biological
effects [1-3,7].
As solar NIR is filtered by atmospheric water [8,9], in order to
experimentally simulate solar NIR that reaches the skin, a water
filter is required [1-3]. Wavelengths below 1100 nm will be absorbed
by melanin in the skin, and wavelengths between 1400 and 1500 nm
and those above 1850 nm will be absorbed by water in the skin, which
results in heating and possible induction of painful sensations and
burns. Contact cooling is also required to pursue the properties of NIR,
due to the fact that NIR increases the surface temperature and induces
thermal effects [1-3].
We would like to emphasize that the biological effects of NIR
between 1100-1800 nm together with the water-filter and the contact
cooling have both beneficial applications and deleterious effects. Have
you considered the effect of NIR in your field?

Results
These specific wavelengths and the contact cooling enabled NIR to
be delivered to the deeper tissues without pain or epidermal burns, and
allowed for the investigations of properties of NIR. We reported that
NIR penetrates deep into human tissue and is absorbed by water in the
skin, hemoglobin in dilated vessels, myoglobin, bone cortical mass, and
hydrogen bonds in lamin and DNA, and is scattered by adipose cells
[1-3].

Discussion
NIR is used as a therapeutic option for the treatment of wound
healing disorders [10-12] and malignant tumors [13-16]. NIR induces
long-lasting vasodilation for an increase in blood circulation by causing
apoptosis of vascular smooth muscle cells [1-3], which may prevent
vasospasm and may be beneficial for ischemic disorders and flap
surgeries [2,3]. NIR induces dermal heating and non-thermally induces
collagen and elastin stimulation, which results in skin tightening [1-3].
NIR also non-thermally relaxes and weakens dystonic or hypertrophic
muscles to reduce wrinkles and myalgia, which might have an application
for treating muscle disorders, and causes long-lasting induction of
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subcutaneous adipocytes, which may have an application for volume
augmentation [1-3]. Further, NIR irradiation might be beneficial for
regenerative medicine based on its stimulation of stem cells [1-3]. Due
to cancer’s high sensitivity to NIR, cancer detection and imaging may
gain from NIR. NIR is also able to induce non-thermal DNA damage of
mitotic cells due to the absence of nuclear lamin protection, which may
have a potential application in the treatment of cancer [1-3,7]. These
new techniques using NIR may be beneficial in many medical fields,
as the schedule reduces discomfort and side effects, deep subcutaneous
tissues are accessible, and facilitates repeated irradiations.
NIR is easily absorbed by water, since water molecules are resonated
by NIR due to the O-H intramolecular hydrogen bonds and electrical
dipole moment [1-3]. NIR increases the amount of water retained in the
dermis by inducing vasodilation and the expression of collagen, elastin,
and water-binding proteins. Both collagen and elastin possess hydrogen
bonds and helical structures. These findings suggest that we have
acquired biological defense mechanisms in which induced hydrogen
bonds and helical structures are resonated by NIR and absorb NIR to
protect the subcutaneous tissues from this type of radiation [1-3].
Other than the skin, optic nerve which is the only central nervous
system exposed to the surface has a defence mechanism against NIR
in many layers; rich blood flow in the retina, hyaluronic acid in the
lens, tears in sclera, fat in the eyelids, because water, hemoglobin, and
fat is an ideal material to NIR block [2,3]. NIR is transmitted through
the ocular media with little loss of intensity, damages the retina, and
contributes to cataracts [4].

Conclusion
Continuous solar NIR radiation may cause unexpected photo
aging, muscle thinning and stimulation of cancer stem cells, in areas
of the body exposed to the sun. Fair skin with lower concentrations of
melanin and a thin dermis might allow deeper penetration of NIR into
human tissue, and damage superficial muscles compared to darker skin
with dense melanin and a thick dermis. Furthermore most sunscreens
only block UV, but not visible light and NIR, and sunglasses and glasses
are unable to block NIR exposure. Thus, individuals using sunscreens
and glasses should further equip themselves for NIR protection to
prevent photoaging, skin ptosis, cataracts, and oncogenicity.
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We believe these findings indicate that NIR has a wide range
of biological effects, and future studies are warranted to develop
these findings into potentially useful and beneficial techniques and
applications.
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