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Chapter: Exposome

01. What is an “exposome”?

The term “exposome” was first coined in 2005 by Professor Christopher 
Wild, former Director of the International Agency for Research 
on Cancer (IRAC) as “The cumulative measure of environmental 
influences and associated biological responses, including factors from 
the environment, diet, behavior, and endogenous processes”. See, 
Wild, C.P., Complementing the genome with an “exposome”: the 
outstanding challenge of environmental exposure measurement in 
molecular epidemiology. Cancer Epidemiol Biomarkers Prev, 2005. 
14(8): p. 1847-50; Wild, C.P., The exposome: from concept to utility. 
Int J Epidemiol, 2012. 41(1): p. 24-32.

To paraphrase, the exposome represents the totality of environmental, 
hormonal and lifestyle factors a person is subjected to over the course 
of their life that have a deleterious effect on their skin. Environmental 
factors include primarily pollution and UV radiation. Hormonal factors 
include hormonal changes that affect estrogen and testosterone 
levels within the body precipitated by biological changes such as 
puberty, pregnancy, and menopause. Lifestyle factors include diet, 
quantity/quality of sleep, stress, and tobacco usage. As a person 
ages, their body in general, and skin in particular, is less capable of 
biologically protecting itself against their deleterious effects, leading 
to inflammation and premature aging caused by free radical-induced 
oxidative. Some of the most common free radicals are included within 
a group of reactive compounds known as reactive oxygen species 
(ROS). The three primary types of ROS include the superoxide anion 
(O2•–), hydrogen peroxide (H2O2), and the hydroxide radical (HO•). Of 
this group, superoxide anion (O2•–), and hydroxide radical (HO•) are 
commonly referred to as “free radicals.”

02. Can “environmental factors” be more clearly 
defined?

As was mentioned above, there are two primary categories of 
environmental factors, pollution, and the sun. When it comes to 
pollution, air pollutants like smog, car/factory exhaust, and cigarette 
smoke, contain chemicals that are either themselves free radicals such 
as nitrogen dioxide (•NO2), or have the ability to drive free-radical 
formation. These air pollutants are typically in particulate matter form 
and comprise a mixture of solid particles and liquid droplets that 
contain hundreds of different chemicals, including harmful chemicals 
such as sulfur dioxide, nitrogen oxides, heavy metals, and carbon 
monoxide. Particulate matter may range from dust, dirt, soot, or smoke 
to small droplets of liquid, dry solid fragments, and solid cores with 
liquid coatings. There are both anthropogenic and naturally occurring 
sources of particulate matter, including automobiles, power plants, 
factories, fires, wood-burning stoves, dust from open land, pollen, 
and cigarette smoke. Particulate matter, or “PM,” vary in size from 10 
microns or less (PM10, typically referred to as “dust”) to 2.5 microns or 
less (PM2.5, typically referred to as “fine dust”).
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Chapter: Exposome

Due to their size, these particulates can float in the air indefinitely. They typically enter 
the body through the nose, mouth, and skin. Recent studies have shown that once these 
particulates contact the skin’s stratum corneum/skin barrier, the toxic chemicals contained 
therein begin to trigger cell deformation and free radical formation, resulting in damage 
to the stratum corneum/skin barrier. See, for example, Zhengzheng Liao, Jing Nie, Peiwen 
Sun, “The impact of particulate matter (PM2.5) on skin barrier revealed by transcriptome 
analysis: Focusing on cholesterol metabolism,” Toxicology Reports, Volume 7, 2020, Pages 
1-9, ISSN 2214-7500.

Airborne pollutants in particulate form are a significant cause of various skin issues and 
can exacerbate existing issues such as atopic dermatitis and acne. Once these pollutants 
attach themselves to skin, the resultant free radicals trigger secretion of inflammatory 
cytokines and an increase in leukocytes by the skin’s cells resulting in an allergic reaction. 
For example, studies have shown that a person suffering from atopic dermatitis will 
experience a worsening of their condition on days in which the concentration of particulate 
matter present in the air is high, whereas their symptoms are alleviated on days of lower 
particulate matter concentration. See also, Ryu YS, Kang KA, Piao MJ, et al. “Particulate 
matter induces inflammatory cytokine production via activation of NFKB by TLR5-NOX4-
ROS signaling in human skin keratinocyte and mouse skin.” Redox Biol. 2019;21:101080. 
doi:10.1016/j.redox.2018.101080

Particulate matter has also been found to exacerbate skin dryness and itchiness. This 
happens because the oxidative stress caused by the exposure to particulate matter weakens 
the skin, thereby impeding its waste-removal and sebum-control functions. As a result, 
skin becomes dry and itchy and experiences premature aging that physically manifests in 
the form of age spots, wrinkles, scales, and the like.

While air pollution is obviously problematic, what most people do not realize is that water 
pollution also plays a rather significant role in damaging the skin. For example, what most 
people fail to keep in mind is that conventional tap water contains treatment chemicals 
such as chlorine which are problematic for skin health. Although chlorine is used to treat 
drinking water, it’s also an irritant which, in large quantities, can cause skin to experience 
detrimental oxidative stress.

The other major environmental factor of the exposome, UV rays emanating from the sun, 
is also extremely problematic for skin health and appearance. Usually, the primary short-
term hazard of prolonged exposure to UV light is erythema, i.e., sunburn. UV rays with 
wavelengths in the 290-320 nm range, referred to as UVB rays, tend to be the primary 
cause of erythema. While UVA rays with a wavelength in the range of 320 – 400 nm, are 
also known to cause erythema, UVA rays are known to play a significant role in photoaging 
due to their ability to penetrate more deeply into the skin and cause free-radical formation 
throughout the epidermal and dermal layers.
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03. How can something that is free, like free radicals, be 
problematic?

Free radicals, when present within a biological setting such as the skin, react with organic 
and inorganic compounds, often perverting their structure and function in a deleterious 
way. The importance of this process lies in the reactivity of the molecules involved. 

Under normal conditions, electrons orbit around atomic nuclei within distinct spatial 
orbitals that are arranged within groups of hierarchically ordered electron shells. In 
general, a “full” orbital consists of a pair of electrons having opposite spins and results in 
a stable or non-reactive orbital. When an atom has an orbital that is partially filled, the 
single unpaired electron encourages chemical reactivity by virtue of its desire to find an 
electron with which to pair. Free radicals like ROS possess a single unpaired electron. In an 
effort to find an electron with which to pair, they react indiscriminately with neighboring 
molecules such as proteins, DNA, and vital cellular structures such as the cell membrane 
or other organelles with the goal of borrowing one of their electrons. It is the borrowing/
stealing of electrons from other molecules that is problematic because those molecules, 
in turn, become unstable due to the lack of electron pairing, resulting in a domino effect of 
instability. High cellular concentrations of free radicals sourced from pollution and UV rays 
can cause extensive cellular damage commonly referred to as oxidative stress. The extent 
of damage depends on the availability of cellular defense mechanisms such as antioxidants 
or specialized enzymes that are designed to neutralize free radical reactivity.

These cellular defense mechanisms help reduce the amount of oxidative stress-inducing 
free radicals and other reactive species by scavenging/neutralizing the free radicals or 
enzymatically converting the free radicals to a less toxic compound. Unfortunately, the 
body’s natural antioxidant defense system can become impaired by the aging process 
and/or compromised by, for example, inflammation/erythema, infection, genetic 
predisposition, or other disorders. Moreover, excessive exposure to free radicals can 
overwhelm the cutaneous antioxidant capacity, leading to oxidative damage and ultimately 
to immunosuppression and/or serious skin disorders such as photoaging and skin cancer.

Oxidative stress has also been found to negatively impact water homeostasis of the skin, 
i.e., the ability of the skin to maintain consistent hydration levels. It is important to the 
health and appearance of skin to keep it properly hydrated and nourished, counteracting the 
damage caused by oxidative stress. The skin’s barrier function is another important defense 
against oxidative stress. The term “barrier function” refers to the functions predominantly 
provided by the outermost layer of the skin, the stratum corneum, a.k.a. “the horny layer” 
or “the skin barrier”, which is responsible for retaining moisture within the lower layers of 
epidermal cells and for keeping damaging elements like UV rays, pollutants, and pathogens 
out. When the skin’s barrier function is operating properly, skin is firm, plump, and hydrated. 
However, when the barrier function deteriorates or is compromised, skin health and 
appearance deteriorate as well.
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04. How can skin be protected from the damaging effects of 
the exposome’s environmental factors?

Other than using a sunscreen product having an SPF of at least 30 for protection from 
the sun’s UV rays, there is a dearth of innovative technologies available in the market that 
protect one’s skin from both pollution and UV damage. That being said, one novel means 
of protection is to inhibit oxidative stress-inducing particulate matter present in air borne 
pollutants from contacting the skin in the first place. The other is to supplement the body’s 
natural antioxidant cellular defense mechanism in order to enhance its ability to scavenge/
neutralize free radicals already present in the skin, thereby mitigating oxidative stress-
induced damage. A product/technology that can effectively accomplish both would, of 
course, be most ideal.

When it comes to air borne pollutant protection, the use of a product capable of forming 
a particulate-trapping film on the surface of the skin is a solid first step. Because these 
pollutants contain harmful free radicals/ROS and/or contain toxic chemicals that can drive 
free radical formation, either or both of which may result in oxidative stress to the skin’s 
stratum corneum/skin barrier, inhibiting the particulate matter from contacting the skin in 
the first instance reduces their likelihood of oxidative stress-related damage. It would also 
be advantageous if the film were infused with active ingredients that could neutralize any 
free radicals/ROS associated with the particulate matter embedded in the film. Lastly, if 
the film were also of the type that could promote penetration of its active ingredients into 
the skin’s stratum corneum so as to neutralize any free radicals/ROS present therein, that 
would represent the trifecta of environmental exposome protection.

Fortunately, Codex has been able to achieve this desired trifecta of protection with 
its proprietary Antu technology. The technology was specifically designed to provide 
a protective physical barrier against air borne pollutants by virtue of its film forming 
properties. Clinical studies have established the film’s ability to entrap particulate matter 
ranging in size of from less than 10 microns to less than 2.5 microns. The fact that the 
film is also homogeneously infused with active ingredients capable of neutralizing any 
free radicals/ROS associated with the particulate matter entrapped within the film, 
further enhances its pollution protecting properties. Lastly, the film’s ability to promote 
penetration of active ingredients into the skin, coupled with the use of certain potent active 
ingredients referred to as Antucomplex™ which, in combination, synergistically facilitate 
free radical scavenging and neutralization, makes Antu the go-to technology when it comes 
to exposome protection.
The ability of the Antu technology to form a film capable of trapping particulate matter 
was established, clinically, by first applying the Antu formulation onto a volunteer’s skin, 
followed by application of iron oxides (a substitute for toxic particulate matter) having an 
average particle size of approximately 1 micron onto the film’s surface. A video-microscope 
fitted with a mobile fiber optic x20 lens, coupled with an image acquisition computer 
system was then used to measure the quantity of particles trapped by the film. The results 
from this clinical study established Antu’s ability to form a physical barrier on the surface of 
the skin for trapping air borne pollutants in particulate form.  In the figure below, we can see 
that the film formed at the surface of the skin “traps” the particles; when the skin is washed 
to remove the film, the particles are removed with it.  The product does not work as shield, 
ie. It does not make the skin less “sticky” to particles.
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Antucomplex™, which represents the association of Peumus boldus (Boldo) leaf extract, 
Buddleja globosa (Matico) leaf extract, Aristotelia chilensis (Maqui) leaf extract, and Ugni 
molinae (Murta) leaf extract was evaluated to determine what, if any, gene expression 
effects they may indicate after UVB exposure. The Antucomplex™ was applied onto 
reconstructed human epidermis tissues and was found to exhibit robust bioactivity. Both 
the VEGFA and PPARD genes were upregulated, evidencing the biologic signaling initiated 
via the application of the combination of Matico, Maqui, and Murta. This type of immune 
system-related cellular communication is the skin’s biological response to environmental 
stressors. As was mentioned previously, environmental factors related to UV radiation 
exposure can cause oxidative stress and attendant free radical formation on the skin, which 
Antucomplex™ is capable of inhibiting. Similarly, both the IL8 and MT2A genes were down 
regulated evidencing the triggering of those biological processes of the skin associated 
with reducing inflammation caused by UV radiation exposure (i.e., anti-inflammatory 
effect). Lastly, the SMPD1, TGM1 and AQP3 genes were upregulated indicating that the 
combination triggered a biological process evidencing an enhancement of the skin’s barrier 
function post-UV radiation exposure (i.e., skin priming function). These clinical studies 
confirmed the ability of Antucomplex™ to inhibit oxidative stress associated with UV 
exposure.

In an effort to further validate the ability of Antucomplex™ to mitigate oxidative damage 
caused by UV exposure, Codex’s Antu Day Cream containing Antucomplex™ was clinically 
evaluated. The product was applied onto one side of each volunteer’s back, with nothing 
being applied onto the other side. Both sides of their back were subsequently irradiated 
with a device capable of generating a Minimum Erythema Dose (MED) over a radiation 
spectrum of from 290 to 400 nm meant to simulate sunburn-inducing UVA/UVB radiation 
exposure. Samples of skin were then biochemically analyzed for the presence of squalene 
peroxide (SQOOH) a biomarker used to evaluate lipid decomposition, superoxide 
dismutase (SOD) an antioxidant enzyme that protects the body against photo-oxidative 
damage, catalase (CAT) an important enzyme that protects cells against oxidative damage 
caused by free radicals, and glutathione peroxidase (GPx) a family of enzymes that also 
protects against oxidative damage.  Each of these biomarkers was used to assess the Antu 
Moisturizers’s ability to mitigate or recover from free radical-induced oxidative stress/
damage caused by UV radiation.   The protective effect was measured when the Antu 
Moisturizer was applied prior to exposure, whereas the curative effect was measured when 
the Antu Moisturizer was applied after UV exposure.
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The results are shown in the table below, comparing the irradiated, non-treated sample 
vs treated sample: the top number is the percent improvement achieved with Antu 
normalized to the net decrease in the enzyme or anti-oxidant activity after UV exposure; 
the numbers in parentheses indicate the measured improvement achieved with Antu on 
the net decrease in the enzyme or anti-oxidant activity after UV exposure (note that less of 
a decrease in activity is an improvement).    These biomarker data points clearly establish, 
and further confirm, the protective and curative effects of the composition and its ability 
to mitigate free radical-induced oxidative damage.  Note that the curative effect of the Antu 
moisturizer was far more significant than the protective effect.

07

Lastly, clinical studies utilizing ATR-
FTIR and Confocal Raman spectroscopy 
confirmed the ability of the film formed by 
Antu to promote penetration of the active 
ingredients infused within the film, into the 
skin’s stratum corneum, which is further 
validated by the results of the above-noted 
gene expression testing.
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In summary, the fact that Antu is capable of physically blocking air borne pollutants from 
contacting the skin, coupled with Antucomplex™ being shown to effectively neutralize free 
radicals/ROS associated with air borne pollutant while simultaneously triggering the body’s 
biological processes for mitigating oxidative stress caused by UV exposure, together with 
the ability of the Antu film to promote penetration of its actives into the stratum corneum 
of the skin, makes Antu the go-to protective technology for proactively taking on the 
harmful effects of the exposome.
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