
Transition Metal-Induced Oxidation :
Implications for Skin Care Products

I
n 1956, Harman first suggested that free radicals produced

during aerobic respiration cause cumulative oxidative

damage, resulting in aging and death. In his work, Harman

noted parallels between the effects of aging and those of

ionizing radiation, including mutagenesis, cancer and gross

cellular damage.'

Harman hypothesized that endogenous oxygen radical

generation occurs in vivo, as a by-product of enzymatic

redox chemistry. He ventured that the enzymes involved

would he those "involved in the direct utilization of molecu-

lar oxygen, particularly those containing iron."

Harmon also hypothesized that traces of iron and other

metals would catalyze oxidative reactions in vivo and that

peroxidative chain reactions were possible, by analogy to

the principles of in vitro polymer chemistry. All of these

predictions have been confirmed during the past 45 years.

The theory gained credibility with the identification of

the enzyme superoxide dismutase (SOD) by McCord and

Fridovich in 1969,1 which provided the first compelling

evidence of in vivo generation of the superoxide anion

(0,*-). Additional support came from the subsequent eluci-

dation of elaborate antioxidant defenses.'

As the outermost organ of the body, the skin is frequently

and directly exposed to an oxidative environment, including

ultraviolet radiation, drugs and air pollutants. By now, ample

evidence exists to affirm that most cutaneous cancers and

many of the associated damages attributed to cutaneous

aging are results of exposure to solar radiation.

In dealing with this etiology, it is almost certain that preven-

tive modalities will continue to he the most reasonable ap-

proach to abating the damages resulting from actinic insult. It

would seem reasonable to assume that photo-protectants will

continue to be the major weapon in this preventive campaign.

Oxidants and antioxidants have well defined functions

and reside in specific cellular compartments. An imbalance

between oxidants and antioxidants results in many patho-

physiological changes.
In this article, we will discuss the role of transition metals

(iron and copper) in causing or favoring oxidative stress and
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how the oxidative stress to skin could

increase in the presence of conventional

antioxidants and chelating agents. A

possible solution will also he discussed

for minimizing or eliminating the oxida-

tive stress to skin using an antioxidant

with chelating functionality.

Role of Transition Metals in
Pro-Oxidation

Transition metals such as iron are

well known for their excellent catalytic

properties towards the oxidation-reduc-

tion reaction, which explains their wide

occurrence at the active sites of many

enzymes. The single electron transfers

promoted by metal ions can overcome

the spin restriction on direct reaction

of 0, with non-radical species.

The potential danger is that, unless

their availability is carefully controlled,

transition metals will catalyze unwanted

free-radical reactions. For example,

sweat is rich in transition-metal ions

(iron, copper) capable of catalyzing

free-radical reactions. In addition, the

presence of these metals also encour-

ages bacterial growth. Oxidative stress

to skin can also he caused by the IIV-

induced release of iron from the iron-

storage protein ferritin.5 Iron exerts its

toxicity through a series of reactions

with reactive oxygen species called the

Fenton reaction, generating the highly

toxic hydroxyl radical leading to subse-

quent damage to biomolecules.'

All the metals (except zinc) in the

first row of the d-block in the periodic

table contain unpaired electrons and
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