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This article examines the molecular mechanisms involved in photoaging and reviews topical antioxidant agents
that have inundated the commercidl market with claims of providing potent antioxidant effects on the skin. The
article presents some of the scientific information available regarding these agents and provides an overview of

the basic process of skin aging.

: he central role of free radicals in skin aging
has resulted in the marketing of many
antioxidants and has had major effects in
financial markets. The scientific basis for many
of these antioxidants lags behind their pro-

motion. Skin aging can be divided into 2 major categories:
intrinsic aging and extrinsic aging or photoaging.

Intrinsic aging is defined as the natural or chronologic
aging of skin, excluding that caused by outside vari-
ables such as sunlight or chemicals. Clinically, with
intrinsic aging, skin becomes loose or lax, thin, and dif-
ferent in pigment and tone. These clinical changes can
be easily explained through histologic examination of
tissue. There are changes in epidermal and dermal cellu-
larity, thinning of rete ridges, degeneration of the dermal
matrix (ie, collagen, elastin), loss of glycosaminoglycans,
and disorganization of microvasculature.' There are 2
major theories of intrinsic aging. In the first, intrinsic
aging is thought to be caused by genetic program-
ming; in the second, intrinsic aging is the result of wear
and tear on the system. According to the latter theory,
natural cellular processes lead to the formation of free
radicals, such as singlet oxygen, superoxide, and hy-
droxyl ions, which in turn react with DNA, proteins,
and cell surface molecules, causing cell damage in the
process. Over time, repair systems become faulty,
leading to cell death or damage.?

Extrinsic aging is caused by the effects of external
factors on the skin. These factors include ultraviolet ra-
diation (UVR), chemicals, and smoking. As UVR is the
most significant of these factors, extrinsic aging has
been termed photoaging. Clinically, with photoaging,
skin takes on a leathery appearance, wrinkling becomes
prominent, splotchy discoloration and dyspigmentation
become evident, and tumors, both benign and malig-
nant, appear. Histologic correlation reveals a relative
thickening of the epidermis initially and then eventual
atrophy of the epidermis with loss of normal cellular
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architecture and cellular atypia.®* Additionally, in the
dermis, there is alteration of functional fibroblasts,
degeneration of dermal collagen and elastin, deposition
of elastotic material, and deterioration of dermal blood
vessels. Early research focused on elastin, but a grow-
ing body of evidence suggests that reactive oxygen
species (ROS) are generated by UVR, resulting in ox-
idative damage to cellular components such as mito-
chondria as well as nuclear DNA damage, which in turn
accelerates aging and contributes to skin cancers.®
Interaction between ROS and collagen leads to altered
metabolism of collagen, degradation of proteoglycans,
and decreased synthesis of proteoglycans.? Fisher and
Voorhees® presented a working model for the patho-
physiology of photoaging. They suggested that UVR
activates cell-surface growth factors and cytokine
receptors in keratinocytes and fibroblasts. Receptor
activation results in signal transduction through protein
kinase cascades that activate the transcription factor,
AP-1, in the nucleus. UVR-activated AP-1 stimulates
transcription of matrix metalloproteinase (MMP) genes
that encode for collagenase, gelatinase, and stromelysin.
These MMP genes degrade collagen and extracellular
matrix. Activation of AP-1 is thought to occur through
activation of cell-surface receptors by ROS. AP-1 is a
complex of c-Fos and c-Jun heterodimers and other
factors. Studies have shown that only c-Jun is induced
by UVR; therefore, AP-1 activation depends primarily on
c-Jun induction. In addition to inducing AP-1-mediated
MMP, UVR induces endogenous tissue inhibitor of MMP
(TIMP).8 This enzyme suppresses MMP activity, thereby
preventing excessive breakdown of connective tissue.

The skin has evolved a number of mechanisms, both
enzymatic and nonenzymatic, to deal with these poten-
tially damaging ROS. The enzyme systems include
superoxide dismutase, glutathione peroxidase, glucose-
B-phosphate dehydrogenase, and catalase.” The nonen-
zymatic mechanisms include a number of endogenous
antioxidants within the epidermis and dermis. These
include, in order of concentration, vitamin C, glutathione,
vitamin E, ubiquinone, and a-lipoic acid.”
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