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Historically, solvents have caused up to 20% of all cases of occupational
dermatitis [1-3]. Occupational skin diseases continue to be one of the most
common occupational disorders. Because many cases of occupational skin
disease go unreported, these numbers represent the tip of the iceberg. Although
the rates of injuries and illnesses are declining, the prevalence rate of occupa-
tional skin diseases remains relatively constant at 5% to 20% [4].

The skin

The skin as a barrier: how skin structure affects permeability to solvents

Human skin is a versatile biologic barrier. It protects the individual from a
wide variety of noxious stimuli, including chemical, physical (eg, mechanical
trauma, UV radiation), and biologic (pathogens, immune stimulants) agents. It
also serves complex homeostatic and metabolic functions and is the largest
organ in the body. Knowledge of skin ultrastructure and biochemistry is im-
portant in understanding how solvents interact with the skin and how the skin
barrier functions.

The skin consists of three anatomically distinct layers: the inner subcutis, the
dermis, and the outer epidermis (Fig. 1). The subcutis contains lipocytes,
fibrocytes, strands of collagen, vascular and lymphatic networks, and nerves.
The dermis is a highly vascular connective tissue matrix containing piloseba-
ceous units, sweat glands, lipocytes, mast cells, and infiltrating macrophages and
lymphocytes. Fibroblasts—the dominant cell type—elaborate the extracellular
matrix of collagen, elastin, and glycosaminoglycans. The dermis varies in
thickness from 0.6 mm on the eyelid to 3 mm on the back, palms, and soles.
A basement membrane separates the dermis from the epidermis.
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The epidermis (50—100 pm thick) is a dynamic, self-renewing tissue. It is
composed of four anatomically and functionally distinct layers: the inner stratum
basale, the stratum spinosum, the stratum granulosum, and the outer stratum
corneum (SC). Cells differentiate as they migrate from the stratum basale to the
stratum corneum, undergoing changes in their structure and composition.
Typically it takes 14 days for cells to migrate from the stratum basale to the
SC and another 14 days for the SC to be shed. In some skin conditions such as
psoriasis, the entire process is accelerated, and cells that are not fully differen-
tiated reach the SC, leading to alterations in the skin’s barrier functions.

The stratum basale consists of a single layer of columnar epidermal stem cells
6 to 8 um in diameter anchored to the basement membrane by hemidesmosomes.
Lamellar bodies, responsible for lipid synthesis and elaboration, first appear in
the stratum spinosum. In the stratum granulosum, keratin synthesis and lipo-
genesis increase progressively from lower to upper granulocytes. Lamellar bodies
reach their highest density in the upper granulocytes. As keratinocytes begin the
transition from granular cell to comeocytes (terminally differentiated keratino-
cytes), the cellular organelles dissolve, the keratin filaments condense, and the
lamellar bodies fuse with the cell membrane, secreting their contents into the
intercellular spaces. These lipids undergo enzymatic modification and are stacked
into lamellae [5].

Solvents have a formidable and tortuous path to traverse as they cross the SC.
Elias [6] described the organization of the SC as ‘“bricks and mortar”: the
anuclear comeocytes packed with keratin filaments are the bricks and the
extracellular lipids are the mortar. Adjacent and overlying corneocytes interdigi-
tate through a series of ridges and undulations in their cell membranes. The
desmosomes are like protein “rivets” that mechanically couple the corneocytes
together, and with the interdigitations, minimize horizontal distortion, surface
roughness [7,8], and penetration of exogenous substances. The individual
corneocytes are surrounded by a cell membrane of densely cross-linked proteins
and lipid.

The hydrophobic “mortar” is composed of ceramides, cholesterol, and fatty
acids in approximately equimolar ratios with small amounts of triglycerides,
glycosphingolipids, and cholestero] sulfate [9]. The ceramides play a key role in
the lipid organization of the SC barrier [10]. It appears that the long tails of the
ceramides form nonpolar layers stabilized by fatty acids and cholesterol, and the
smaller ceramide heads form a polar layer. The alternating nonpolar hydrophobic
and polar hydrophilic layers of the extracellular lipids are a critical component of

Fig. 1. Skin structure at the (4) gross, (B) microscopic, and (C) subcellular levels. (ddapted from
www.Snoringcure.ca; Gray, Henry. Anatomy of the human body. Philadelphia: Lea & Febiger; 1918;
Patrick Franke. Vitamin D3-Analogon/-Cyclodextrin-Kavitate-Herstellung, Charakterisierung und In-
vitro-Liberation aus Dermatika [dissertation]. Berlin: Humboldt-Universitit, Mathematisch-Natur-
wissenschaftliche Fakultdt I, Diss., 1998-04-17 [in German]; and Shwarz P. Demmal Systems.
Available at: www.acrossbarriers.de; with permission.)
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the skin permeability barrier. More detailed discussion of theories on lipid
structural organization at the molecular level in SC can be found in papers by
Friberg et al [11], Forslind [12], Kitson et al [13], Norlen [14,15], and Bouwstra
et al [16].

In the past, the SC was viewed as a dead layer that functioned solely as an
impermeable barrier, preventing water loss and protecting the epidermis, dermis,
and the individual from noxious agents. We now know that although the SC
contains dead cells, it is very much alive [17]. Menon [18] described SC as “a
smart material” that is able to respond to environmental changes through the use
of a feedback system.

Normal SC is a very efficient barrier, permitting only 2 to 5 g/h/cm?® of
transepidermal water loss (TEWL). In experimental studies, TEWL is often used
as an indirect measure of SC water content and therefore a marker of skin barrier
function. Increased TEWL is a potent stimulus for repair of the skin barrier [19].

Several mechanisms appear to be involved in the detection of skin barrier
disruptions. These include changes in ionic concentration gradients, perhaps
induced by TEWL; feedback signaling by modified ceramides and sphingosine;
and cytokine signals (tumor necrosis factor ¢, interleukin-1 « and 3, granulocyte-
macrophage colony-stimulating factor). These signals upregulate metabolic and
cellular responses in the epidermis. SC barrier function is restored by immediate
secretion of preformed lamellar body contents and later by de novo synthesis
[6,18,21,22]. After the barrier recovers, rates of lipid synthesis return to normal
[19]. Studies using TEWL as a measure of barrier function show that 50%
recovery occurs by 24 hours, but the process is not complete until 7 days later [23].
Occlusive emollients such as petrolatum can restore damaged skin barrier function
by inhibiting TEWL and thereby increasing the water reservoir in the skin [24,25].

The water content of healthy SC varies from 10 to 30% [18,26]. SC is very
hygroscopic, absorbing 500% of its dry weight in less than an hour and swelling
to 4 to 5 times its thickness [27]. Norlen et al [28] showed that corneocytes in the
SC may swell more than 25% vertically, but lateral swelling is limited to 1% to
3%. Lateral swelling appears to be limited by the interdigitations and desmo-
somes discussed earlier.

Individual and environmental factors that influence skin irritability and
permeability

A variety of factors affect skin irritability and permeability, including the
anatomic location; individual factors (eg, gender, age, pre-existing skin disease,
genetics, skin type, eccrine sweating, repair capacity, hydration of the SC,
personal hygiene, skin damage); and environment (temperature, season, humid-
ity). The anatomic location of solvent-exposed skin can have a dramatic effect on
skin irritability and permeability. Intact stratum comeum varies from 10 to 20 mm
in thickness, depending on the anatomic location [29,30]. Feldmann and Maibach
[31] found that SC thickness was one factor that influenced hydrocortisone
absorption through the skin. The highest total absorption occurred from the
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