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eccrine glands, they lie deeper in the dermis or even in the sub-
cutaneous tissue, and their ducts empty into hair follicles.

Apocrine secretion contains the same basic components as 
true sweat, plus fatty substances and proteins. Consequently, it 
is viscous and sometimes has a milky or yellowish color. The 
secretion is odorless, but when bacteria on the skin decom-
pose its organic molecules, it takes on a musky and generally  
unpleasant odor, the basis of body odor.

Apocrine glands begin functioning at puberty under the  
influence of the male sex hormones (androgens) and play little 
role in maintaining a constant body temperature. Their precise 
function is not yet known. Three lines of evidence suggest that 
they may be the human equivalent of other animals’ sexual 
scent glands: (1) Sexual foreplay increases their activity; (2) 
they enlarge and recede with the phases of a woman’s menstrual 
cycle; and (3) behavioral studies show that their secretions may 
act as pheromones (chemical messengers released by one indi-
vidual that trigger a response in other members of the same 
species).

Two important types of modified apocrine glands are:
●● Ceruminous glands. Ceruminous glands (sĕ-roo9mĭ-nus; cera 

5 wax) are modified apocrine glands found in the lining of the 

so-called pores of a person’s complexion, which are openings 
of hair follicles.)

Eccrine gland secretion, commonly called sweat, is a hypo-
tonic filtrate of the blood that passes through the secretory cells 
of the sweat glands and is released by exocytosis. It is 99% water, 
with some salts (mostly sodium chloride), traces of metabolic 
wastes (urea, uric acid, and ammonia), and a microbe-killing 
peptide called dermcidin. Normally, sweat is acidic with a pH 
between 4 and 6.

Sweating’s major role is to prevent the body from overheat-
ing. Heat-induced sweating begins on the forehead and spreads 
inferiorly over the remainder of the body. Emotionally induced 
sweating—the so-called “cold sweat” brought on by fright or 
nervousness—begins on the palms, soles, and axillae (armpits) 
and then spreads to other body areas.

Apocrine Sweat Glands
The approximately 2000 apocrine sweat glands (ap9o-krin) are 
largely confined to the axillary and anogenital areas. In spite 
of their name, they are merocrine glands, which release their 
product by exocytosis like the eccrine sweat glands. Larger than 

Table 5.1 Summary of Cutaneous Glands
ECCRINE SWEAT GLANDS APOCRINE SWEAT GLANDS SEBACEOUS GLANDS

Functions ●● Temperature control

●● Some antibacterial properties

May act as sexual scent glands ●● Lubricate skin and hair

●● Help prevent water loss

●● Antibacterial properties

Type of 
Secretion

Hypotonic filtrate of blood plasma Filtrate of blood plasma with added 
proteins and fatty substances

Sebum (an oily secretion)

Method of 
Secretion

Merocrine (exocytosis) Merocrine (exocytosis) Holocrine

Secretion 
Exits Duct At

Skin surface Usually upper part of hair follicle; 
rarely, skin surface

Usually upper part of hair follicle; 
sometimes, skin surface

Body Location Everywhere, but especially palms, 
soles, forehead

Mostly axillary and anogenital regions Everywhere except palms and soles
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5.8  First and foremost, the skin is a 
barrier
Learning Outcome

 ✔ Describe how the skin accomplishes at least five different 
functions.

Like the skin of a grape, our skin keeps its contents juicy and 
whole. The skin and its appendages perform a variety of functions, 
including protection, body temperature regulation, cutaneous sen-
sation, metabolic functions, blood reservoir, and excretion.

Protection
Given its superficial location, the skin is our most vulnerable 
organ system, exposed to microorganisms, abrasion, tempera-
ture extremes, harmful chemicals, and UV radiation. The skin 
constitutes at least three types of barriers: chemical, physical, 
and biological.

Chemical Barriers
Chemical barriers include skin secretions and melanin. 
Although the skin’s surface teems with bacteria, the low pH of 
skin secretions—the acid mantle—retards their multiplication. 
In addition, dermcidin in sweat and bactericidal substances 
in sebum kill many bacteria outright. Skin cells also secrete 
natural antibiotics called defensins that literally punch holes in 
bacteria, making them leak like sieves. Wounded skin releases 
large quantities of protective peptides called cathelicidins that 
are particularly effective in preventing infection by group A 
streptococcus bacteria.

As discussed earlier, melanin provides a chemical pigment 
shield to prevent UV damage to skin cells.

Physical Barriers
The continuity of skin and the hardness of its keratinized cells 
provide physical barriers. As a physical barrier, the skin is a 
remarkable compromise. A thicker epidermis would be more 
impenetrable, but we would pay the price in loss of suppleness 
and agility.

The outstanding barrier capacity of the skin arises from the 
structure of its stratum corneum, which has been compared 
to bricks and mortar. Multiple layers of dead flat cells are the 
bricks and the glycolipids surrounding them are the mortar.  
Epidermal continuity works hand in hand with the acid man-
tle and chemicals in skin secretions to ward off bacterial  

external ear canal. Their secretion mixes with sebum produced 
by nearby sebaceous glands to form a sticky, bitter substance 
called cerumen, or earwax, that is thought to deter insects and 
block entry of foreign material.

●● Mammary glands. Mammary glands, another type of spe-
cialized sweat gland, secrete milk. Although they are prop-
erly part of the integumentary system, we will consider the 
mammary glands in Chapter 27 with female reproductive 
organs.

Sebaceous Glands
The sebaceous glands (se-ba9shus; “greasy”), or oil glands 
(Figure 5.9a), are simple branched alveolar glands that are found 
all over the body except in the thick skin of the palms and soles. 
They are small on the body trunk and limbs, but quite large on 
the face, neck, and upper chest. These glands secrete an oily sub-
stance called sebum (se9bum). The central cells of the alveoli 
accumulate oily lipids until they become so engorged that they  
burst, so functionally these glands are holocrine glands (  p. 156).  
The accumulated lipids and cell fragments constitute sebum.

Most, but not all, sebaceous glands develop as outgrowths 
of hair follicles and secrete sebum into a hair follicle, or occa-
sionally to a pore on the skin surface. Arrector pili contractions 
force sebum out of the hair follicles to the skin surface.

Sebum softens and lubricates the hair and skin, prevents hair 
from becoming brittle, and slows water loss from the skin. Per-
haps even more important is its bactericidal (bacterium-killing) 
action. Sebaceous glands increase their activity during puberty 
under the influence of male sex hormones.

Table 5.1 summarizes the three types of cutaneous glands.

Check Your Understanding
17. Which cutaneous glands are associated with hair follicles?
18. When Anthony returned home from a run in 30°C weather, 

his face was dripping with sweat. Why?
19. What is the difference between heat-induced sweating 

and a “cold sweat,” and which variety of sweat gland is 
involved?

20.  APPLY  Sebaceous glands are not found in thick skin. Why is 
their absence in those body regions desirable?

For answers, see Answers Appendix.

  HOMEOSTATIC  
IMBALANCE 5.7

Acne is an active inflammation of the sebaceous glands  
accompanied by “pimples” (pustules or cysts), whiteheads, 
or blackheads on the skin. If  
accumulated sebum blocks 
a sebaceous gland duct, 
it can cause a whitehead 
(closed comedone) or a 
blackhead (open come-
done). Acne is associated 
with infection by Propioni-
bacterium acne. It can range 
from mild to so severe  
that it leads to permanent 
scarring.

Overactive  sebaceous 
glands can cause sebor-
rhea (seb0o-re9ah; “fast-
f lowing sebum”), known 
as “cradle cap” in infants 
(Figure 5.10). Seborrhea begins on the scalp as pink, raised 
lesions that gradually become yellow to brown and begin to 
slough off oily scales. 

Figure 5.10 Cradle cap 
(seborrhea) in a newborn.

CLINICAL 
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