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Integumentary System Lecture

I. General Introduction

When two or more tissues come together for a common function, they form an organ; therefore skin is considered an organ of your body. 

The skin and its associated structures (hair, nails, sweat glands, and oil glands) make up a complex set of organs called the integumentary system. The integumentary system is the protective cover for the human body. It has one organ, the skin, a.k.a. the cutaneous membrane. (cutis = skin) 

The skin is the largest organ. In an adult male the skin weighs about 9 lbs (4 kgs)

II. Functions of the Integumentary System.

The integumentary system has many functions  including: 

A. Protection 

Protects against invasion of microorganisms, water loss and dehydration, UV damage, and mechanical damage. 

It also contains macrophages, lymph nodes and other structures which identify pathogens and provide first line of defense against them.

B. Temperature regulation – 

by diverting blood into or away from the skin the body can release or conserve heat.

C. Synthesis and Storage 

It uses the UV rays that penetrate the skin to synthesize (make) vitamin D. forms a precursor of Vitamin D which aids calcium absorption in the intestines. The dermis stores lipids in adipose tissue. 
D. Sensation 

the skin contains sense organs for light touch, pressure, temperature, and pain. 

E. Excretion and secretion 

Epidermal cells in the skin make Vitamin D3 (also called cholecalciferol) from a steroid related to cholesterol when they are exposed to UV radiation. 

The skin secretes the Vitamin D3 (this is then activated by processing in the liver and kidney and eventually converted to calcitriol). 

Calcitriol is a hormone that promotes calcium and phosphorus absorption by small intestine.  It also excretes waste products such as water, urea and salts in sweat. In females, the skin also produces milk

F. Prevention of Water Loss

The epidermis is water resistant and prevents unnecessary water loss.

III. Structure of the Skin

The skin is made of two layers, the epidermis made of stratified squamous epithelium, and the dermis made of 2 types of connective tissues: areolar and dense irregular connective tissue).  (epi = above or over; dermis = skin)

A. Epidermis (CLGSB Can Lucy Give Some Blood)

The epidermis contains 4 layers in thin skin and 5 layers in thick skin. Another word for layer = strata (singular = stratum)

1. Stratum Basale (STRĀ-tum bā-SĀY-lē) (Stratum Germinativum) 

(basis = base; germinare = to start growing) (B for basale and B for bottom)

This is the deepest layer of the epidermis consisting of a single row of columnar or cuboidal epithelial cells that continually divide and replace the rest of the epidermis as it wears away

It is separated from the dermis by a thin basement membrane. 

About 8% of the cells in the stratum basale are melanocytes, which are specialized epithelial cells that synthesize the protein pigment melanin. (melas = black; cyte = cell)

As melanin is formed, it is passed on to the other 92% of cells which are called keratinocytes .(kerato  = horn; cytes = cells).. The keratinocytes ingest the melanin pigments. 

The melanin accumulates on the superficial side of the keratinocyte nucleus. This serves to form a pigment shield on the sunny side of the keratinocyte nucleus that protects the nucleus and underlying tissues from the destructive effects of ultraviolet (UV) radiation in sunlight. 

The keratinocytes constantly and rapidly divide. They are pushed toward the skin surface by the production of new cells beneath them. It takes 2-4 weeks for cells to move from the stratum basale to stratum corneum. 

The keratinocytes begin to produce the fibrous protein keratin, which helps waterproof and protect the skin. 

Keratin coats the surface of the skin and forms basic structure of hair and nails.

2. Stratum Spinosum (STRĀ-tum spih-NŌ-sem)
The stratum spinosum or "spiny layer" consists of several layer of keratinocytes superficial to the stratum basale.

These cells are also capable of dividing.

The cells attached to one another by fibrous proteins called desmosomes which enable the skin to be pulled and stretched without the cells pulling apart. These cells continue to divide and add to the thickness of the epithelium.

This layer also has Langerhan cells. These are star-shaped cells that are macrophages. They use receptor-mediated endocytosis to take up foreign proteins that invade the epidermis. 

3. Stratum Granulosum

This is made of 3-5 layers of flattened keratinocytes filled with granules. 

As the cells push up through these layers they stop dividing and they accumulate large amounts of keratin and keratohyalin (a glycoprotein that becomes the protein keratin) and this substance forms dense granules in the stratum granulosum.  This is where keratinization begins

They also have lamellated granules which contain a glycolipid that is secreted into the extracellular space and slows water loss across the epidermis. 

4. Stratum Lucidum (lucidum = clear)

Some areas of the skin, notably the palms and soles have an additional layer, the stratum lucidum or "clear layer" which makes them thicker in order to resist pressure. 

It is made of up 2-3 layers of flat, thin somewhat translucent, anucleate, dead cells. These cells are too far from capillaries so they die. 

Like the cells in the next layer, stratum corneum,  these dead cells (keratinocytes) are full of keratin and keratohyalin. 

5. Stratum Corneum 

(cornu = horn; think “cuerno” in Spanish)
This layer consists of 15-30 cell layers or so of dead flattened nonnucleated cells (keratinocytes) filled with keratin. 

The outermost layer is called the cornified layer because its cells are stiff and horny.  

This layer is constantly sloughing off. They stay about 2 weeks before they are shed or washed away.

It is this process which produces the flaky skin seen in dandruff and other conditions. 

These cells help protect the skin against abrasion and penetration. The glycoplipid between cells helps keep it waterproof.

The cornified layer will increase in thickness when subjected to continuous pressure and abrasion. This is what produces the "corns" and calluses seen on the feet and hands. 

The rate of skin replacement varies from one area to another but averages about 2 weeks.

Blisters form when excessive rubbing causes interstitial fluid to accumulate between epidermis and dermis. 

B. Dermis 

The dermis consists of connective tissue and lies deep to the epidermis.

The dermis is thick in the skin of the palms of the hands and the soles of the feet, and thinner in the skin of the eyelids, penis, and scrotum. 

The dermis is highly vascular, while the epidermis is avascular. Epithelial cells in the epidermis receive their oxygen and nutrients from the blood vessels in the dermis. 

1. Papillary Layer of the Dermis (20% of dermis)

The superficial papillary region of the dermis consists of areolar connective tissue with thin collagen and elastin fibers. 

This portion forms projections into the epidermis called dermal papillae. The dermal papillae contain capillaries and touch receptors (Meissner’s corpuscles).

Because the epidermis lies right on top of the dermal papillae, it is forced to follow their curvature causing epidermal ridges in the overlying epidermis. 

Epidermal ridges increase friction, and therefore grip, of the hands and feet. 

Fingerprints are due to dermal papillae. Sweat pores open along the crests of the ridges and thus leave a fingerprint. 

2. Reticular Layer (80%) of dermis (reticular = network of collagen fibers)

The deeper, thicker reticular portion of the dermis consists of dense irregular connective tissue with thick bundles of interlacing collagen and elastin fibers that run in many different planes (this is why it is called reticular= network).  

The collagen and elastic fibers in the reticular layer give skin strength and elasticity.They keep it stretchable and help it hold up through numerous insults.

However, as extracellular fibers, collagen and elastin are vulnerable to damage. The sun and time can wear away at these fibers. 

Also, through time, as we age, our fibroblasts do not produce the same amounts of elastin and collagen. These problems show up as wrinkles and older skin.

Less dense regions between collagen bundles form lines of cleavage (tension lines) that surgeons know and cut parallel to the lines so that the cuts open less and heal easier.

Extreme stretching of skin such as in obesity and pregnancy are from extreme stretching of the elastic fibers. They result in tears in the collagen fibers, which produce white scars called striae (stretch marks).

3. Blood vessels

The dermis contains blood vessels

4. Nerve endings for skin sensation. 

There are three types of nerve endings:

a. Meissner's corpuscles allow us to sense light touch. They lie immediately beneath the basement membrane of the epidermis in the papillary region. They look like “cotton candy” when viewed through microscope 

b. Pacinian corpuscles allow us to sense deep pressure. They lie deeper in the dermis, even into the hypodermis. They look like concentric circles when viewed through microscope.

c. Free nerve endings allow us to sense pain and temperature. They lie at the superficial aspect of the dermis-- they may even send tiny little processes into the epidermis (REALLY tiny).

C. Subcutaneous Layer is not part of the skin but is deep to the skin

The subcutaneous layer (also called the superficial fascia) lies deep to the skin and anchors the skin to the underlying muscle.

The subcutaneous layer is made up of areolar and adipose connective tissues.

Because of its adipose tissue, the subcutaneous layer also acts as a shock absorber and insulates the deeper body tissues from heat loss. 

It is the hypodermis that thickens when we gain weight.

V. Accessory Structures of the Skin

A. Hair 

Hair is distributed on nearly all parts of the body. They are absent from the palms of the hands, soles of the feet, lips, nipples, and portions of the external genitalia. 

Normal hair loss in an adult scalp is about 70-100 hairs a day. 

Hair is a flexible structure and the cells have hard keratin as opposed to the soft keratin in epidermal cells of the skin.

1. Structure of Hair:

a. Hair Shaft 

This is the part of the hair we see on the surface. It goes a little ways down the surface of the skin. After that it is the hair root.

Function: Protects the skin, scalp, eyes and nose, as I’ll elaborate on in a bit.

Both the shaft and the root are made of three concentric layers:

1. The inner medulla (may be lacking in thinner hair). This is made of 2 or 3 rows of irregularly shaped cells containing pigment granules and air spaces.

2. The middle cortex is made of elongated cells that contain pigment granules in dark hair but mostly air in gray or white air.

3. The outermost layer, the cuticle, is made of a single layer of cells. Cuticle cells on the shaft are arranged like shingles on the side of a house and are the most keratinized of the hair cells. 

Most hair conditioners try to alter the cuticle.

If you take a transverse section of the shaft and it is flat and ribbon like in cross section = kinky hair; If shaft is oval = wavy hair; if shaft is round = straight hair.

b. Hair Root

Function: It anchors the hair in the scalp. 

Structure: It is made of same 3 layers as the hair shaft.

c. Hair Follicle

Function: Holds the hair bulb.

Structure: It is made of 2 layers: a connective tissue layer and epithelial tissue layer that surround the hair root.

d. Hair Bulb

This is the base of each hair follicle. It is onion-shaped. 

It has 2 parts:

1) papilla: this is a nipple-shaped indentation with blood vessels and nerves. 

Function: the blood vessels nourish the growing hair follicle.

2) matrix: this is a germinal layer of cells (actively dividing cells) right above the papilla). 

Function: Gives rise to new cell to make hair grow. As the new cells are pushed toward the surface, the hair lengthens. About ½ way up, the cells accumulate keratin and die, which marks the boundary between the hair root and hair shaft. The cells divide every 24-72 hours, faster than any other cells in the body.

Chemotherapy kills actively dividing cells which is why cancer patients lose their hair when undergoing chemotherapy

2. Functions of Hair:

Hair has protective functions for humans:

a. Senses things that lightly touch the skin

b. Guards the scalp against physical trauma, heat loss, and sunlight. 

c. Eyelashes and eyebrows shield the eyes from sunlight and dust. 

d. Nose, ear, and eyelash hairs keep dust and foreign particles out of the respiratory track, ears, and eyes.

3. Hair Color:

Hair pigment is made by melanocytes in the matrix of the hair bulb of the hair follicle. 

The melanin is transferred to the cells in the hair shaft. Different proportions of brown-black, yellow and reddish melanin combine to produce all varieties of hair color,  from blond to black. 

Gray hair occurs because of a decline in an enzyme (tyrosinase) 

White hair results from an accumulation of air bubbles in the hair shaft and a lack of pigment because of the decrease in tyrosinase. As you get more hair you start to see it as “gray.” 

[Laura: in red hairs, nearly all the melanin is present in the form of phaeomelanin (a lighter pigment found in red and blonde hair)]

B. Arrector Pili (PIH lee)

Hair follicles are normally at a slight angle in the skin. 
The arrector pili muscles are attached to the hair follicle in such a way that their contraction pulls the hair follicle into an upright position, producing "goosebumps". 

Function: Allows sense of touch and provides warmth in warm environment. 

The arrector pili muscles are regulated by the nervous system and are activated by cold external temperatures or fright. 

Around each hair follicle are sensory nerve endings, called the hair root plexuses, which are sensitive to touch. They detect if a hair shaft is moved. 

The hairs are bathed by an oily substance called sebum (secreted by sebaceous glands) which helps the skin to remain moist. 

Lanolin, which has been used in many cosmetics, is sebum from sheep. 

C. SEBACEOUS GLANDS 

These are more commonly called oil glands.

1. Functions:

Sebacious (oil) glands open into the hair follicles and secrete an oily secretion called sebum. 

The sebum contains fats, cholesterol, proteins, salts, and dead cell fragments.

a. Sebum softens and lubricates the skin, making it more pliable. 

b. It prevents hair from becoming dry and brittle,

c.  It prevents water loss from the skin when the external humidity is low. 

d. The sebum also inhibits bacterial growth on the skin. 

2. Structure:

a. The secretory portion of the gland lies deep in the dermis. It has several alveoli (bulbs) opening into a single duct, but the alveoli are filled with cells, so there is no lumen.

Most are associated with hair follicles and empty their sebum into the upper third of the follicle.

b. The duct of the sebaceous gland usually empties into a hair follicle, or to a pore on the skin surface if no hair is present (like the skin of the lips). 

Overproduction of sebum, oil trapped in ducts can attract bacteria = acne 

Oxidized sebum is black = blackheads 

D. SUDORIFEROUS (SWEAT) GLANDS 

Humans have more than 3-4 million sudoriferous (sweat) glands. 

1. Function: thermoregulation

Sweat cools the body by evaporation, which removes heat from the body surface. 

Perspiration (sweat) is actually filtered blood. It is about 99% water, with some salts, traces of metabolic wastes (urea, uric acid, ammonia, lactic acid) and vitamin C, as well as small amounts of drugs currently being taken. The exact composition depends on heredity and diet.

2. Structure:

There are 2 types of sweat glands: eccrine and apocrine. 

a. Eccrine (Merocrine) Sweat glands

The eccrine sweat glands are the most numerous sweat glands and are particularly abundant on the palms of the hands, soles of the feet and in the forehead. 

They open onto skin surface.

The secretory portion of the eccrine gland lies coiled deep in the subcutaneous layer; the duct extends upward to open in a funnel-shaped pore at the skin surface. 

b. Apocrine Sweat Glands (a in armpit and a in apocrine)

Aprocrine sweat glands are largely confined to the axillary and inguinal  (groin or pubic area) regions, as well as the areola (colored area around the nipple) and the bearded area of a man’s face.

They open into hair follicles.

Apocrine glands are larger than eccrine glands. The duct opens into the hair follicles of axillary & pubic hair. 

Apocrine secretion contains the same basic components as eccrine sweat, but it also contains fatty acids and proteins, giving the sweat a milky or yellowish color. 

The secretion is odorless, but bacteria on the skin decompose the fatty acids and proteins, giving it its characteristic musky odor. 

Apocrine glands begin to function at puberty under the influence of androgens (sex hormones). They are responsive to emotional stress. 

E. CERUMINOUS GLANDS

Ceruminous glands are modified apocrine glands found in the lining of the external ear canal. 

The combined secretion of ceruminous and sebaceous glands in the ear canal is called cerumen, or ear wax, a sticky substance that repels insects and blocks the entrance of foreign material. 

F. NAILS 

1. Function

Nails protect the ends of the digits from trauma. Our fingernails help us to grasp and manipulate small objects. 

2. Structure:

A nails consists of a plate of hard, keratinized epidermal cells that form a clear protective covering on the dorsal surface of the distal part of a finger or toe. 

Each nail has a free edge, nail body and the nail root embedded in the skin. 

a. free edge

b. nail body

This is the visible attached portion. 

Function: protects your fingers and allows you to grasp objects.

The cuticle (also called eponychium ep-oh-NIK-ee-uhm) consists of a band of stratum corneum (of the epidermis) at the base of the nail body.  

Function of cuticle: Fuses skin of finger and the nail body. Also it provides a waterproof barrier.

The nail body appears pink because of the rich bed of capillaries in the underlying dermis. 

The nail is the most superficial layers of the epidermis. 

c. Nail root

The nail root contains rapidly dividing epithelial cells. 

Function: It is responsible for nail growth. 

As the nail cells are produced by the root, they become heavily keratinized, and the nail body slides distally over the nail bed. 

The average growth rate of fingernails is 1 mm per week, but the growth rate is somewhat slower in toenails.

At the root and the proximal end of the nail body, the epidermis thickens to form the nail matrix which is where active growing occurs. 

The nail matrix is so thick that it appears as the white “half-moon” or lunula because the underlying capillaries do not show through.

If a nail is torn off, it will regrow if the matrix is not severely injured.

[Basal cell carcinoma is least malignant and most common. Comes from cells of stratum basale invading dermis and hypodermis. 

Squamous cell carcinoma arises from the keratinocytes. Can metastasize if not treated, but if treated early good chance of cure. 

Melanoma is cancer of melanocytes and is most dangerous. Can metastasize easily into surrounding circulatory vessels.] 

V.  Skin Pigmentation 
The usual color of your skin is caused by 3 pigments, but it is the pigment melanin that is primarily responsible for the color of skin.

A. Role of Pigments in Skin Color

1. Melanin

Melanin is the most important pigment. It ranges from yellow to reddish to brown to black.   

Melanocytes secrete melanin in granules by exocytosis. The melanin, is taken into the keratinocytes by endocytosis. Some melanin also remains in the interstitial space. 

Dark skinned people have:

· a darker melanin

· more melanin granules 

· more pigment in each melanocyte. 

They do NOT have more melanocytes in their skin. All races have about the same number of melanocytes, in association with keratinocytes (epidermal cells) in ratios of from 1:4 to 1:10 depending on the skin location. 

Melanin helps protect the cells from UV radiation. 

In Caucasian skin the melanin is broken down rapidly by enzymes from the keratinocytes. 

Freckles and pigmented moles are localized accumulations of melanin.

2. Carotene

Carotene is a yellow-orange pigment that the body obtains from vegetable sources such as carrots and tomatoes. 

Carotene tends to accumulate in the stratum corneum of the epidermis and in the fat of the hypodermis. 

The yellowish tinge of the skin of Asians is due to variations in melanin, not to carotene.

3. Hemoglobin

Blood with lots of oxygen is bright red, so the blood vessels in the dermis give the skin a reddish tint. This is easy to see in lightly pigmented individuals. 

Because Caucasian skin contains little melanin, the epidermis is nearly transparent and allows the color of blood to show through. 

B. Other Factors that Influence Skin Color

1.  With lack of oxygen, skin is bluish – cyanosis. This often occurs in the skin of Caucasian people with heart failure or severe respiratory disorders such as severe asthma. 

In dark-skinned people, the skin may be too dark to reveal the color of the underlying vessels, but cyanosis can be detected in the mucous membranes, nail beds, lips, and ears.

2.  With alcohol and high blood pressure, skin is red 
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