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As the number of people living in cities is increasing, there is a growing concern about the  
effects of atmospheric pollution on skin health. The harmful effects of ultraviolet radiation and 
smoking on skin health is well understood, and appropriate skin protection measures have 
been established to prevent premature skin aging. However, atmospheric pollution is a  
relatively newer concern that has the cosmetic industry developing new ingredients, and 
adapting formulation concepts for skin protection and repair. Air pollution in Asia is at an all-
time high due to auto emissions, cigarette and industrial smoke.1 The Environmental  
Protection Agency (EPA) is leading the charge against air pollution in the United States, as 
awareness of the skin damaging effects of pollution is spreading through the Western  
hemisphere. Addressing concerns over pollution allows cosmetic brands to leverage the  
influence of the expanded consumer awareness into a new market for skin care that works to 
actively fight against pollution. 
 
The skin is our body’s largest organ, and as such, it’s constantly exposed to the fine particles, 
heavy metals, ozone, carbon monoxide, or volatile organic compounds that are concentrated 
in the air. These particles can adhere to the skin and transfer pollutants into the skin. The latest 
standard of pollution, the Environmental Protection Agency’s PM 2.5 (Particulate Matter 2.5, air 
pollutants with a diameter of 2.5 microns or less) measures tiny particles that reduce visibility 
and have implications in overall air quality. These finer particles disrupt the skin barrier,  
damage skin tissue, and accelerate aging.2 Carbon and metal micro particles found in  
polluted air embed in the epidermis causing oxidative stress, initiating the inflammatory  
cascade that leads to the breakdown of collagen, elastin, and other structural components in 
the skin. Additionally, skin exposure to carbon micro particles can overstimulate keratinocytes 
and melanocytes, resulting in hyperpigmentation and age spots.3 
 
While acting as a natural shield, our skin is limited in its ability to defend against today’s  
prevailing environmental stressors. Major anti-pollution claims for cosmetics emphasize film 
forming, anti-oxidant, and anti-inflammatory capabilities. Protecting the skin from atmospheric 
pollution is now a target for cosmetic ingredient suppliers, and several strategies are available 
for skin defense. These strategies address pollution, not only on the surface of the skin, but 
also deeper at the cellular level. 
 
One effective way to defend against atmospheric pollution is isolating the skin from external 
environmental factors with by forming a film on the skin surface. Providing a physical barrier 
against environmental pollutants is currently done through the use of silicones, peptides, and 
polysaccharide rich systems. 
 
Silicone film formers can improve the aesthetics of formulations and reduce the detrimental 
impact of environmental pollution by inhibiting the adhesion of particulate matter on the skin 
surface. Silicone based film forming technology, such as dimethicone, cyclopentasiloxane, or 
cyclohexasiloxane, can form a flexible film on the surface of the skin and shield the skin from 
environmental pollution due to silicone’s ability to form low surface energy coatings. Silicones 
are able to create a protective sheath that improves the softness and smoothness of skin,  
however after several applications, silicones may leave a heavy, waxy buildup on the skin that 
consumers find unpleasant. 
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As an alternative to silicones, peptides or polysaccharide rich systems can be used to shield the 
surface of the skin. Naturally derived peptides, such as those in Glycerin and Moringa Ptery-
gosperma Seed Extract, are also able to provide pollution protection via film forming. Peptides ob-
tained by the extraction of the seeds of Moringa pterygosperma are able to form a barrier on the 
surface of the skin to facilitate the removal of environmental particulates that adhere to the skin, 
protecting skin against aggressions by pollutants. 
 
Polysaccharide rich systems, such as those found in Selaginella lepidophylla extract, are able to 
inhibit atmospheric particulates from remaining on, or penetrating into, the skin by creating a syn-
thetic scaffolding. Selaginella lepidophylla, commonly known as the Rose of Jericho, is a desert bo-
tanical able to withstand long periods of almost total desiccation and then fully recover when ex-
posed to elevated moisture levels. Exposure to oxidative stress triggers the production of the 
plant’s moisture-retentive system that is rich in polysaccharides. Those polysaccharides help re-
tain water, keeping Selaginella lepidophylla hydrated throughout droughts, preventing desicca-
tion. The protective and moisture- retentive properties associated with the plant’s polysaccharides 
and secondary metabolites enable formulators to create functional products that deliver film form-
ing benefits to the skin. 
 
Each of these polysaccharide rich systems, peptides, and silicones provide a physical barrier that 
prevents embedment of carbon particles, thus reducing the signs of extrinsic aging. Performing a 
Pollution Protection Analysis will determine the effectiveness of a physical barrier provided by a 
film forming ingredient against micronized charcoal using the EPA’s PM 2.5 standard. The applica-
tion of the film forming ingredient to the volar forearm followed by contamination with a premeas-
ured amount of micronized charcoal and subsequent washing with a controlled amount of water 
allows for the assessment of the film-former’s ability to inhibit pollution remaining on the skin. Im-
ages of the skin taken pre- and post-wash using a dissecting microscope undergo color analysis 
and the results are depicted in optical density values and pigmentation histograms. This allows 
pollution protection to be measured quantitatively. The lower the mean optical density value the 
better protection against carbon particle embedment or PM 2.5 inhibition. A physical barrier es-
tablished by a film-former can effectively prevent the deposition of invasive PM 2.5 particles into 
the skin’s fine lines and wrinkles, therefore defending the skin against pollution-driven aging. 
 
Addressing pollution at a cellular level represents a revolutionary shift, as typical anti-pollution 
products focus on the skin surface. Strategies to defend against cellular pollution include address-
ing free radical damage through the topical application of an antioxidant, as well as addressing 
oxidative stress by upregulating cellular antioxidants. 
 
Environmental pollutants increase the number of free radicals in the air and these free radicals can 
accumulate and disrupt normal cellular functions, resulting in premature skin aging. Vitamin C 
(ascorbic acid) and Vitamin E are antioxidants capable of neutralizing free radicals to protect cells 
against the effects of environmental pollution. Vitamin C is water soluble and Vitamin E is lipid 
soluble, so the combination of the two can protect against free radical damage of both the hydro-
philic and lipophilic compartments of the cell. Regular application of cosmetics rich in Vitamin C 
and Vitamin E can be one of the most effective ways to neutralize free radicals and strengthen the 
skin’s defense against environmental particulates. 
 
Instead of topically applying an antioxidant to defend against free radical damage, understanding 
sulfur biology has allowed for a method of enhancing cellular antioxidant activity to provide pollu-
tion protection from within. Environmental pollutants are able to reduce the levels of cellular anti-
oxidants which act as the main line of defense against cellular oxidative damage.3 Understanding 
the pathways leading to the induction of antioxidant responses, will enable chemists to develop 
strategies that protect against oxidative damage.  

 



The Mitochondrial Free Radical Theory of Aging is a widely accepted theory which explains the 
cause of skin aging.4 This theory depicts oxidative stress as a byproduct of cellular metabolism, 
explaining that overproduction of reactive oxygen species pushes the capacity of mitochondrial 
antioxidant defenses, causing a buildup of oxidative damage to occur.4 Accumulation of reactive 
oxygen species in the mitochondria causes cellular dysfunction, resulting in changes to our skin’s 
appearance – including the visible signs of aging like fine lines and wrinkles. 
 
Sulfur biology is a relatively untapped method for controlling mitochondrial activity, presenting 
real opportunity for brand defining anti-aging claims. Sulfated polysaccharides derived from 
dinoflagellate microalgae, such as Crypthecodinium cohnii, have the ability to combat of aging via 
upregulation of cellular glutathione. Glutathione is a low molecular weight, thiol-bearing, free-
radical scavenger that decreases within the epidermis of aged and damaged skin. The simple, 
topical application of glutathione is ineffective. Topical application does not allow for an increase 
of cellular glutathione levels, as the zwitterionic structure of the molecule hinders its ability to 
penetrate through the lipophilic barriers of the stratum corneum and cell membranes. Sulfated 
polysaccharides, isolated from dinoflagellate microalgae, act as sulfide donors and play a role in 
the upregulation of cellular glutathione. By restoring levels of depleted glutathione, resulting from 
contamination of atmospheric particulates, purification of pollutants occurs at a cellular level. Ele-
vated levels of glutathione in the cell also help combat inflammation, preserve overall cell health, 
and slow the signs and symptoms of aging. Increasing glutathione levels can help convert oxidized 
molecules back to their reduced state and prevent cell damage.5 
 
Whether the approach is on the surface of the skin or at a cellular level, anti-aging products will 
always be highly desired in the cosmetic industry. The rapidly growing interest in pollution pro-
tection formulations is sure to be well-received by appearance minded consumers. Whether de-
fense comes from a physical barrier by a film forming ingredient or upregulating cellular antioxi-
dant levels, providing cosmetic solutions that are able to preserve skin health during exposure to 
environmental stressors represents a high potential area of innovation for brands to explore. 
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