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System

he skin, or integument, is considered an organ system
because of its extent and complexity. It is much more
than an external body covering; architecturally the skin
is a marvel. It is tough yet pliable, a characteristic that
enables it to withstand constant insult from outside agents.

The skin has many functions, most (but not all) con-
cerned with protection. It insulates and cushions the underly-
ing body tissues and protects the entire body from mechani-
cal damage (bumps and cuts), chemical damage (acids,
alkalis, and the like), thermal damage (heat), and bacterial in-
vasion (by virtue of its acid mantle and continuous surface).
The hardened uppermost layer of the skin (the cornified
layer) prevents water loss from the body surface. The skin’s
abundant capillary network (under the control of the nervous
system) plays an important role in regulating heat loss from
the body surface.

The skin has other functions as well. For example, it acts
as a mini-excretory system; urea, salts, and water are lost
through the skin pores in sweat. The skin also has important
metabolic duties. For example, like liver cells, it carries out
some chemical conversions that activate or inactivate certain
drugs and hormones, and it is the site of vitamin D synthesis
for the body. Finally, the cutaneous sense organs are located
in the dermis.

Basic Structure of the Skin

The skin has two distinct regions—the superficial epidermis
composed of epithelium and an underlying connective tissue
dermis (Figure 7.1). These layers are firmly “cemented” to-
gether along an undulating border. But friction, such as the
rubbing of a poorly fitting shoe, may cause them to separate,
resulting in a blister. Immediately deep to the dermis is the
hypodermis, or superficial fascia (primarily adipose tissue),
which is not considered part of the skin. The main skin areas
and structures are described below.

Activity 1:
Locating Structures on a Skin Model

As you read, locate the following structures in Figure 7.1 and
on a skin model. @

exercise

Objectives

1.

6.

7.
8.
9.

To recount several important functions of the
skin, or integumentary system.

. To recognize and name during observation of an

appropriate model, diagram, projected slide, or
microscopic specimen the following skin struc-
tures: epidermis, dermis (papillary and reticular
layers), hair follicles and hair, sebaceous glands,
and sweat glands.

To name the layers of the epidermis and describe
the characteristics of each.

To compare the properties of the epidermis to
those of the dermis.

. To describe the distribution and function of the

skin derivatives—sebaceous glands, sweat glands,
and hairs.

To differentiate between eccrine and apocrine
sweat glands.

To enumerate the factors determining skin color.
To describe the function of melanin.
To identify the major regions of nails.

Materials

0 O oy

oo

Skin model (three-dimensional, if available)
Compound microscope

Prepared slide of human scalp

Prepared slide of skin of palm or sole

Sheet of #20 bond paper ruled to mark off cm?
areas

Scissors

Betadine swabs, or Lugol's iodine and cotton
swabs

Adhesive tape
Disposable gloves

Data collection sheet for plotting distribution of
sweat glands

Parelon fingerprint pad or portable inking foils
Ink cleaner towelettes

Index cards (4 in. X 6 in.)

Magnifying glasses
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Figure 7.1 Skin structure. Three-dimensional view of the skin and the underlying hypodermis. The epidermis and
dermis have been pulled apart at the right corner to reveal the dermal papillae.

Epidermis

Structurally, the avascular epidermis is a keratinized strati-
fied squamous epithelium consisting of four distinct cell
types and four or five distinct layers.

Cells of the Epidermis

®  Keratinocytes (literally, keratin cells): The most abun-
dant epidermal cells, they function mainly to produce keratin
fibrils. Keratin is a fibrous protein that gives the epidermis
its durability and protective capabilities. Keratinocytes are
tightly connected to each other by desmosomes.

Far less numerous are the following types of epidermal
cells (Figure 7.2):

® Melanocytes: Spidery black cells that produce the
brown-to-black pigment called melanin. The skin tans be-
cause melanin production increases when the skin is exposed
to sunlight. The melanin provides a protective pigment
umbrella over the nuclei of the cells in the deeper epidermal
layers, thus shielding their genetic material (deoxyribonucleic
acid, DNA) from the damaging effects of ultraviolet radiation.
A concentration of melanin in one spot is called a freckle.

® Langerhans’ cells: Also called epidermal dendritic
cells, these phagocytic cells (macrophages) play a role in
immunity. - S
®  Merkel cells: Occasional spiky hemispheres that, 1.~
conjunction with Sensory nerve endings, form sensitive touch

receptors called Merkel discs located at the epidermal-dermal
Jjunction.
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Figure 7.2 The main structural features in epidermis of thin skin. (a) Photomicrograph depicting the
four major epidermal layers. (b) Diagram showing the layers and relative distribution of the different cell types.
Keratinocytes (tan) form the bulk of the epidermis. Melanocytes (gray) produce the pigment melanin. Langerhans’ cells
(blue) function as macrophages. A Merkel cell (purple) associates with a sensory nerve ending (yellow) that extends from
the dermis. The pair forms a Merkel disc (touch receptor). Notice that the keratinocytes, but not the other cell types, are
joined by numerous desmosomes. Only a portion of the stratum corneum is illustrated in each case.

Layers of the Epidermis From deep to superficial, the
layers of the epidermis are the stratum basale, stratum spi-
nosum, stratum granulosum, stratum lucidum, and stratum
corneum (Figure 7.2).

® Stratum basale (basal layer): A single row of cells
immediately adjacent to the dermis. Its cells are constantly
undergoing mitotic cell division to produce millions of new
cells daily, hence its alternate name stratum germinativum.
From 10 to 25% of the cells in this stratum are melanocytes,
which thread their processes through this and the adjacent
layers of keratinocytes (see Figure 7.2).

® Stratum spinosum (spiny layer): A stratum consisting
of several cell layers immediately superficial to the basal
layer. Its celis contain thick weblike bundles of intermediate
filaments made of a pre-keratin protein. The stratum spin-
osum cells appear spiky (hence their name) because as the
skin tissue is prepared for histological examination, they
shrink but their desmosomes hold tight. Cells divide fairly

rapidly in this layer, but less so than in the stratum basale.
Cells in the basal and spiny layers are the only ones to receive
adequate nourishment via ditfusion of nutrients from the der-
mis. So as their daughter cells are pushed upward and away
from the source of nutrition, they gradually die.

e Stratum granulosum (granular layer): A thin layer
named for the abundant granules its cells contain. These
granules are of two types: (1) lamellated granules, which
contain a waterproofing glycolipid that is secreted into the
extracellular space; and (2) keratohyaline granules, which
combine with the intermediate filaments in the more superfi-
cial layers to form the keratin fibrils. At the upper border of
this layer, the cells are beginning to die.

¢ Stratum lucidum (clear layer): A very thin translucent
band of flattened dead keratinocytes with indistinct bound-
aries. It is not present in regions of thin skin.

¢ Stratum corneum (horny layer): This outermost epider-
mal layer consists of some 20 to 30 cell layers, and accounts
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for the bulk of the epidermal thickness. Cells in this layer,
like those in the stratum lucidum (where it exists), are dead
and their flattened scalelike remnants are fully keratinized.
They are constantly rubbing off and being replaced by divi-
sion of the deeper cells.

Dermis

The dense irregular connective tissue making up the dermis
consists of two principal regions—the papillary and reticular
areas. Like the epidermis, the dermis varies in thickness. For
example, the skin is particularly thick on the palms of the
hands and soles of the feet and is quite thin on the eyelids.

* Papillary layer: The more superficial dermal region
composed of areolar connective tissue. It is very uneven and
has fingerlike projections from its superior surface, the der-
mal papillae, which attach it to the epidermis above. These
projections lie on top of the larger dermal ridges. In the palms
of the hands and soles of the feet, they produce the finger-
prints, unique patterns of epidermal ridges that remain un-
changed throughout life. Abundant capillary networks in the
papillary layer furnish nutrients for the epidermal layers and
allow heat to radiate to the skin surface. The pain and Touch
receptors (Meissner’s corpuscles) are also found here.

® Reticular layer: The deepest skin layer. It is composed
of dense irregular connective tissue and contains many arter-
ies and veins, sweat and sebaceous glands, and pressure
receptors (Pacinian corpuscles).

Both the papillary and reticular layers are heavily in-
vested with collagenic and elastic fibers. The elastic fibers
give skin its exceptional elasticity in youth. In old age, the
number of elastic fibers decreases and the subcutaneous layer
loses fat, which leads to wrinkling and inelasticity of the skin.
Fibroblasts, adipose cells, various types of macrophages
(which are important in the body’s defense), and other cell
types are found throughout the dermis.

The abundant dermal blood supply allows the skin to
play arole in the regulation of body temperature. When body
temperature is high, the arterioles serving the skin dilate, and
the capillary network of the dermis becomes engorged with
the heated blood. Thus body heat is allowed to radiate from
the skin surface. If the environment is cool and body heat
must be conserved, the arterioles constrict so that blood
bypasses the dermal capillary networks temporarily.

m Any restriction of the normal blood supply to the

skin results in cell death and, if severe enough, skin
ulcers (Figure 7.3). Bedsores (decubitus ulcers) occur in
bedridden patients who are not turned regularly enough. The
weight of the body exerts pressure on the skin, especially
over bony projections (hips, heels, etc.), which leads to re-
striction of the blood supply and tissue death. @

The dermis is also richly provided with lymphatic ves-
sels and a nerve supply. Many of the nerve endings bear

Figure 7.3 Photograph of a deep (stage IiI)
decubitus ulcer.

highly specialized receptor organs that, when stimulated by
environmental changes, transmit messages to the central ner-
vous system for interpretation. Some of these receptors—
free nerve endings (pain receptors), a Meissner’s corpuscle, a
Pacinian corpuscle, and a hair follicle receptor (also called a
root hair plexus)—are shown in Figure 7.1. (These receptors
are discussed in depth in Exercise 23.)

Skin Color

Skin color is a result of the relative amount of melanin in
skin, the relative amount of carotene in skin, and the degree

of oxygenation of the blood. People who produce large -

amounts of melanin have brown-toned skin. In light-skinned
people, who have less melanin pigment, the dermal blood
supply flushes through the rather transparent cell layers
above, giving the skin a rosy glow. Carotene is a yellow-
orange pigment present primarily in the stratum corneum and
in the adipose tissue of the hypodermis. Its presence is most
noticeable when large amounts of carotene-rich foods (car-
rots, for instance) are eaten.
N@\ Skin color may be an important diagnostic tool. For
example, flushed skin may indicate hypertension,
fever, or embarrassment, whereas pale skin is typically seen
in anemic individuals. When the blood is inadequately oxy-
genated, as during asphyxiation and serious lung disease,
both the blood and the skin take on a bluish or cyanotic cast.
Jaundice, in which the tissues become yellowed, is almost
always diagnostic for liver disease, whereas a bronzing of the
skin hints that a person’s adrenal cortex is hypoactive (Addi-
son’s disease). @
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Figure 7.4 Structure of a nail. (a) Surface view of the distal part of a finger showing nail parts. The nail matrix
that forms the nail lies beneath the lunula; the epidermis of the nail bed underlies the nail. (b) Sagittal section of the

fingertip.

Accessory Organs of the Skin

The accessory organs of the skin—cutaneous glands, hair,
and nails—are all derivatives of the epidermis, but they re-
side in the dermis. They originate from the stratum basale and
grow downward into the deeper skin regions.

Nails

Nails are hornlike derivatives of the epidermis (Figure 7.4).
Their named parts are:

® Body: The visible attached portion.

® Free edge: The portion of the nail that grows out away
from the body.

*  Root: The part that is embedded in the skin and adheres
to an epithelial nail bed.

¢ Nail folds: Skin folds that overlap the borders of the
nail.

® Eponychium: The thick proximal nail fold commonly
called the cuticle.

® Nail bed: Extension of the stratum basale beneath the
nail.

*  Nail matrix: The thickened proximal part of the nail bed
containing germinal cells responsible for nail growth. As the
matrix produces the nail cells, they become heavily kera-

tinized and die. Thus nails, like hairs, are mostly nonliving
material.

®  Lunula: The proximal region of the thickened nail ma-
trix, which appears as a white crescent. Everywhere else,
nails are transparent and nearly colorless, but they appear

pink because of the blood supply in the underlying dermis.
When someone is Cyanotic due to a lack of oxygen in the
blood, the nail beds take on a blue cast.

Activity 2:
Identifying Nail Structures

Identify the nail structures shown in Figure 7.4 on yourself or
your lab partner. ®

Hairs and Associated Structures

Hairs, enclosed in hair follicles, are found all over the entire
body surface, except for thick-skinned areas (the palms of the
hands and the soles of the feet), parts of the external genitalia,
the nipples, and the lips.

®  Hair: Structure consisting of a medulla, a central region
surrounded first by the cortex and then by a protective cuticle
(Figure 7.5). Abrasion of the cuticle results in split ends. Hair
color is a manifestation of the amount and kind of melanin
pigment within the hair cortex. The portion of the hair en-
closed within the follicle is called the root; that portion pro-
jecting from the scalp surface is called the shaft. The hair
bulb is a collection of well-nourished germinal epithelial
cells at the basal end of the follicle. As the daughter cells are
pushed farther away from the growing region, they die and
become keratinized; thus the bulk of the hair shaft, like the
bulk of the epidermis, is dead material.
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) cle. (a) Diagram of a cross section of a hair within its
= follicle. (b) Photomicrograph of a cross section of a hair
and hair follicle (600x). (<) Diagram of a longitudinal
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encloses the matrix, the actively dividing epithelial cells
that produce the hair. (d) Photomicrograph of longitudi-
nal view of the hair bulb in the follicle (600x),
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¢ Follicle: A structure formed from both epidermal and
dermal cells (see Figure 7.5). Its inner epithelial root sheath,
with two parts (internal and external), is enclosed by a thick-
ened basement membrane, the glassy membrane, and a con-
nective tissue root sheath, which is essentially dermal tissue.
A small nipple of dermal tissue that protrudes into the hair
bulb from the connective tissue sheath and provides nutrition
to the growing hair is called the papilla.

e Arrector pili muscle: Small bands of smooth muscle
cells connect each hair follicle to the papillary layer of the
dermis (Figures 7.1 and 7.5). When these muscles contract
(during cold or fright), the slanted hair follicle is pulled up-
right, dimpling the skin surface with goose bumps. This phe-
nomenon is especially dramatic in a scared cat, whose fur ac-
tually stands on end to increase its apparent size. The activity
of the arrector pili muscles also exerts pressure on the seba-
ceous glands surrounding the follicle, causing a small amount
of sebum to be released.

Activity 3:
Comparison of Hairy and Relatively
Hair-free Skin Microscopically

While thick skin has no hair follicles or sebaceous (oil)
glands, thin skin typical of most of the body has both. The
scalp, of course, has the highest density of hair follicles.

1. Obtain a prepared slide of the human scalp, and study it
carefully under the microscope. Compare your tissue slide to
the view shown in Figure 7.6a, and identify as many of the
structures diagrammed in Figure 7.1 as possible.

How is this stratified squamous epithelium different
from that observed in Exercise 6A or 6B?

How do these differences relate to the functions of these two
similar epithelia?

2. Obtain a prepared slide of hairless skin of the palm or
sole (Figure 7.6b). Compare the slide to Figure 7.6a. In what
ways does the thick skin of the palm or sole differ from the
thin skin of the scalp?
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Figure 7.6 Photomicrographs of skin. (a) Thin
skin with hairs (35%). (b) Thick hairless skin (400X).
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Figure 7.7 cCutaneous glands.
sweat gland (200x).

Cutaneous Glands _

The cutaneous glands fall primarily into two categories: the
sebaceous glands and the sweat glands (Figure 7.1 and Figure
7.7).

Sebaceous (0il) Glands The sebaceous glands are
found nearly all over the skin, except for the palms of the
hands and the soles of the feet. Their ducts usually empty into
a hair follicle, but some open directly on the skin surface.
Sebum is the product of sebaceous glands. It is a mixture
of oily substances and fragmented cells that acts as a lubri-
cant to keep the skin soft and moist (a natural skin cream) and
keeps the hair from becoming brittle. The sebaceous glands
become particularly active during puberty when more male
hormones (androgens) begin to be produced; thus the skin
tends to become oilier during this period of life.
m Blackheads are accumulations of dried sebum, bac-
teria, and melanin from epithelial cells in the oil
duct. Acne is an active infection of the sebaceous glands. @

Sweat (Sudoriferous) Glands These exocrine glands
are widely distributed all over the skin. Outlets for the glands
are epithelial openings called pores. Sweat glands are catego-
rized by the composition of their secretions.

¢ Eccrine glands: Also called merocrine sweat glands,
these glands are distributed all over the body. They produce
clear perspiration consisting primarily of water, salts (mostly
NaCl), and urea. Eccrine sweat glands, under the control of
the nervous system, are an important part of the body’s heat-
regulating apparatus, They secrete perspiration when the
external temperature or body temperature is high. When this

Eccrine
gland

{b) Sectioned eccrine gland

(a) Photomicrograph of a sebaceous gland (120x). (b) Photomicrograph of eccrine

water-based substance evaporates, it carries excess body heat
with it. Thus evaporation of greater amounts of perspiration
provides an efficient means of dissipating body heat when the
capillary cooling system is not sufficient or is unable to main-
tain body temperature homeostasis.

® Apocrine glands: Found predominantly in the axill
and genital areas, these glands secrete a milky protein- and fa

rich substance (also containing water, salts, and urea) that is arr~—

excellent nutrient medium for the microorganisms typically
found on the skin. Because these glands enlarge and recede
with the phases of a women’s menstrual cycle, the apocrine
glands may be analogous to the pheromone-producing scent
glands of other animals.

Activity 4:
Differentiating Sebaceous and
Sweat Glands Microscopically

Using the slide thin skin with hairs, and Figure 7.7 as a guide,
identify sebaceous and eccrine sweat glands. What character-
istics relating to location or gland structure allow you to dif-
ferentiate these glands?
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Activity 5:
Plotting the Distribution
of Sweat Glands

1. Form a hypothesis about the relative distribution of sweat
glands on the palm and forearm. Justify your hypothesis.

2. For this simple experiment you will need two squares of
bond paper (each 1 cm X 1 cm), adhesive tape, and a Betadine
(iodine) swab or Lugol’s iodine and a cotton-tipped swab.
(The bond paper has been preruled in cm?®—put on disposable
gloves and cut along the lines to obtain the required squares.)

3. Paint an area of the medial aspect of your left palm
(avoid the crease lines) and a region of your left forearm with
the iodine solution, and allow it to dry thoroughly. The
painted area in each case should be slightly larger than the pa-
per squares to be used.

4. Have your lab partner securely tape a square of bond pa-
per over each iodine-painted area, and leave them in place for
20 minutes. (If it is very warm in the laboratory while this test
is being conducted, good results may be obtained within 10
to 15 minutes.)

5. After 20 minutes, remove the paper squarcs, and count
the number of blue-black dots on each square. The presence
of a blue-black dot on the paper indicates an active sweat
gland. (The iodine in the pore is dissolved in the sweat and
reacts chemically with the starch in the bond paper to pro-
duce the blue-black color.) Thus “sweat maps” have been
produced for the two skin areas.

6. Which skin area tested has the greater density of sweat
glands?

7. Tape your results (bond paper squares) to a data collec-
tion sheet labeled “palm” and “forearm” at the front of the
lab. Be sure to put your paper squares in the correct columns
on the data sheet.

8. Once all the data has been collected, review the class
results.

9. Prepare a lab report for the experiment. (See Getting
Started: Writing a Lab Report, page xii) u

Activity 6:
Dermography: Fingerprinting

As noted on page 70, each of us has a unique genetically de-
termined set of fingerprints. Because of the usefulness of fin-
gerprinting for identifying and apprehending criminals, most
people associate this craft solely with criminal investigations.
However, civil fingerprints are invaluable in quickly identi-
fying amnesia victims, missing persons, and unknown de-
ceased such as those killed in major disasters.

The friction ridges responsible for fingerprints appear in
several patterns, which are clearest when the fingertips are
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Figure 7.8 Main types of fingerprint
patterns. (a-b) Arches. (c—d) Loops. (e—f) Whorls.

inked and then pressed against white paper. Impressions are
also made when perspiration or any foreign material such as
blood, dirt, or grease adheres to the ridges and the fingers are
then pressed against a smooth, nonabsorbent surface. The
three most common patterns are arches, loops, and whorls
(Figure 7.8). The pattern area in loops and whorls is the only
area of the print used in identification, and it is delineated by
the type lines—specifically the two innermost ridges that
start parallel, diverge, and/or surround or tend to surround the
pattern area. :

Activity 7:
Taking and Identifying Inked
Fingerprints

For this activity, you will be working as a group with your lab
partners. Though the equipment for professional fingerprint-
ing is fairly basic, consisting of a glass or metal inking plate,
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Figure 7.9 Method of inking the thumb (a)
and index finger (b).

printer’s ink (a heavy black paste), ink roller, and standard
8 in. X 8 in. cards, you will be using supplies that are even eas-
ier to handle. Each student will prepare two index cards, each
bearing his or her thumbprint and index fingerprint of the
right hand.

1. Obtain the following supplies and bring them to your
bench: two 4 in. X 6 in. index cards per student, Parelon fin-
gerprint pad or portable inking foils, ink cleaner towelettes,
and a magnifying glass.

2. The subject should wash and dry the hands. Open the ink
pad or peel back the covering over the ink foil, and position it
close to the edge of the laboratory bench. The subject should
position himself or herself at arm’s length from the bench
edge and inking object.

3. A second student, called the operator, will stand to the
left of the subject and with two hands will hold and direct the
movement of the subject’s fingertip. During this process, the
subject should look away, try to relax, and refrain from trying
to help the operator.

4. The thumbprint is to be placed on the left side of the in-
dex card, the index fingerprint on the right. The operator
should position the subject’s thumb or index finger on the
side of the bulb of the finger in such a way that the area to be

inked spans the distance from the fingertip to just beyond tr

first joint, and then roll the finger lightly across the inked sur-
face until its bulb faces in the opposite direction. To prevent
smearing, the thumb is rolled toward the body midline (from
right to left as you see it; see Figure 7.9) and the index finger
is rolled away from the body midline (from left to right). The
same ink foil can be reused for all the students at the bench;
the ink pad is good for thousands of prints. Repeat the proce-
dure (still using the subject’s left hand) on the second index
card.

5. If the prints are too light, too dark, or smeary, repeat the
procedure.

6. While subsequent members are making clear prints of
their thumb and index finger, those who have completed that
activity should clean their inked fingers with a towelette and
attempt to classify their own prints as arches, loops, or
whorls. Use the magnifying glass as necessary to see ridge
details.

7. When all members at a bench have completed the above
steps, they are to write their names on the backs of their index
cards, then combine their cards and shuffle them before trans-
ferring them to the bench opposite for classification of pattern
and identification of prints made by the same individuals.

How difficult was it to classify the prints into one of the three
categories given?

R,

Why do you think this is so?

Was it easy or difficult to identify the prints made by the same
individual?

.

Why do you think this was so?

o~



