
The authors of this text, Elaine Marieb and Katja Hoehn, share insights from their own clinical experience to 
help you prepare for your future career in health care. All clinical examples and applications are signaled with 
an easy-to-find “Clinical” label.
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collagen, elastic, and reticular fibers. Of these, collagen fibers 
are by far the strongest and most abundant.

Collagen Fibers These fibers are constructed primarily of the 
fibrous protein collagen. Collagen molecules are secreted into 
the extracellular space, where they assemble spontaneously into 
cross-linked fibrils, which in turn are bundled together into the 
thick collagen fibers seen with a microscope. Because their fibrils 
cross-link, collagen fibers are extremely tough and provide high 
tensile strength (the ability to resist being pulled apart) to the 
matrix. Indeed, stress tests show that collagen fibers are stronger 
than steel fibers of the same size!

Elastic Fibers Long, thin, elastic fibers form branching networks 
in the extracellular matrix. These fibers contain a rubberlike pro-
tein, elastin, that allows them to stretch and recoil like rubber 
bands. Connective tissue can stretch only so much before its thick, 
ropelike collagen fibers become taut. Then, when the tension lets 
up, elastic fibers snap the connective tissue back to its normal 
length and shape. Elastic fibers are found where greater elasticity 
is needed, for example, in the skin, lungs, and blood vessel walls.

we use areolar connective tissue (ah-re9o-lar) as our prototype, 
or model (Figure 4.9 and Figure 4.11a). All other subclasses 
are simply variants of this plan.

Ground Substance
Ground substance is the unstructured material that fills the 
space between the cells and contains the fibers. It has three 
components:

●● Interstitial fluid. The ground substance consists of large 
amounts of fluid and functions as a molecular sieve through 
which nutrients and other dissolved substances can dif-
fuse between the blood capillaries and the cells. The fibers 
embedded in the ground substance make it less pliable and 
hinder diffusion somewhat.

●● Cell adhesion proteins. These proteins serve mainly as a con-
nective tissue glue that allows connective tissue cells to attach 
to the extracellular matrix.

●● Proteoglycans. The proteoglycans consist of a protein core 
to which large polysaccharides called glycosaminoglycans 
(GAGs) (gli0kos-ah-me0no-gli9kanz) are attached. The strand-
like GAGs [e.g., chondroitin sulfate and hyaluronic acid 
(hi0ah-lu-ron9ik)] stick out from the protein core like the fibers  
of a bottle brush. The proteoglycans tend to form huge aggre-
gates in which the GAGs intertwine and trap water, forming a 
substance that varies from a fluid to a viscous gel. The higher 
the GAG content, the more viscous the ground substance.

Connective Tissue Fibers
The fibers of connective tissue are proteins that provide sup-
port. Three types of fibers are found in connective tissue matrix: 

• Macrophage

Capillary

• Fibroblast

• Lymphocyte
  (a type of white blood cell)

• Fat cell

• Mast cell

• Neutrophil
  (a type of white blood cell)

Connective tissue is composed of (1) fibers, (2) ground substance, and (3) cells.

Extracellular matrix

Fibers
• Collagen fiber

• Elastic fiber

• Reticular fiber

CellsGround substance

Figure 4.9 Areolar connective tissue: A prototype (model) connective tissue. This 
tissue underlies epithelia and surrounds capillaries. (See Figure 4.11a for a micrograph.)

  HOMEOSTATIC  
IMBALANCE 4.2

Marfan syndrome is an inherited disorder that causes a change 
in the types of proteins that comprise elastic fibers. As a result 
of this change, the elasticity in tissues is reduced, leading to 
the overgrowth (aortic enlargement and long arms, legs, and 
fingers) and instability (lung collapse and eye problems) of tis-
sues. Although people suffering from Marfan syndrome are 
born with the condition, not all of them show symptoms at birth 
or during childhood; some only develop symptoms as adults.

CLINICAL 
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Homeostatic Imbalance discussions alert you to 
the consequences of body systems not functioning 
optimally. Relevant photos have been added to 
selected discussions for visual reinforcement.

NEW! Discussions have been added on Marfan 
syndrome, brittle bone disease, tetanus, and 
anxiety disorders.

Clinical Case Studies are provided at the end 
of Chapters 5–29 and challenge you to apply your 
knowledge to realistic clinical scenarios.
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One-Year-Old Girl with Retarded Growth
Miriam gave birth to a twin boy and girl a year ago. She 
is concerned about 
Theresa, her daughter, 
since her growth and 
development is much 
slower than that of her 
brother. Miriam visits 
a pediatric outpatient 
clinic, where she 
informs the physician 
that, apart from having retarded growth, Theresa has a poor 
appetite, suffers from constipation, and is lethargic. The phy-
sician orders blood tests to check Theresa’s growth hormone 
(GH), thyroid-stimulating hormone (TSH), and thyroxine 
(T4) levels.

1.  ✚ NCLEX-STYLE  Theresa’s retarded growth could be due to:
a. The positive feedback of GH on the hypothalamus
b. A pituitary tumor that is causing hypersecretion of GH
c. Hypersecretion of growth hormone–releasing hormone 

(GHRH) by the hypothalamus
d. Hyposecretion of GH by the anterior pituitary

Theresa’s blood tests indicate that her GH levels are 
normal, but her TSH levels are elevated, and her T4 levels 
are low. The physician tells Miriam that since Theresa’s GH 
levels are normal, her retarded growth is not due to pituitary 
dwarfism.

2.  ✚ NCLEX-STYLE  Given the levels of TSH and T4 in Theresa’s 
blood, which of the following is most likely the cause of her 
signs and symptoms?
a. She has a pituitary tumor, which is causing hypersecre-

tion of TSH.
b. Her thyroid gland is poorly developed.
c. She has Graves’ disease.
d. Her parathyroid glands are defective.

3. Miriam does not completely understand what Theresa’s 
blood tests indicate. She asks the physician if she needs to 
put Theresa on a high-calorie diet to speed up her growth. 
What would be the physician’s answer?

4. The physician diagnoses Theresa with congenital hypo-
thyroidism, and starts a treatment involving synthetic T4. 
For how long should Theresa be on this treatment? 

CLINICAL CASE STUDYwell, complains of repeated “colds,” and is extremely “puffy” 
(edematous). Explain the reason for these symptoms.

Level 3 Evaluate/Synthesize
20. Which type of hormone receptor—plasma membrane bound or 

intracellular—would be expected to provide the most long-lived 
response to hormone binding and why?

21. Name two endocrine glands (or regions) that are important in 
the stress response, and explain why they are important.

22. How are the hyperglycemia and lipidemia of insulin deficiency 
linked?

23. List some problems that elderly people might have as a result 
of decreasing hormone production.

24. Mary Morgan has just been brought into the emergency room 
of City General Hospital. She is perspiring profusely and is 
breathing rapidly and irregularly. Her breath smells like acetone 
(sweet and fruity), and her blood glucose tests out at 650 
mg/100 ml of blood. She is in acidosis. Which hormone drug 
should be administered, and why?

25. Kyle, a 5-year-old boy, has been growing by leaps and bounds; 
his height is 100% above normal for his age. He has been 
complaining of headaches and vision problems. A CT scan 
reveals a large pituitary tumor. (a) Which hormone is being 
secreted in excess? (b) What condition will Kyle exhibit if 
corrective measures are not taken? (c) What is the probable 
cause of his headaches and visual problems?

26. Aaron, a 42-year-old single father, goes to his physician 
complaining of nausea and chronic fatigue. He reports having 
felt fatigued and listless for about half a year, but he had 
attributed this to stress. He has lost considerable weight and, 
strangely, his skin looks tanned, even though he spends long 
hours at work and rarely ventures outside. His doctor finds 
very low blood pressure and a rapid, weak pulse. Blood tests 
show that Aaron does not have anemia, but his plasma glucose, 
cortisol, and Na+ are low, and his plasma K+ is high. His doctor 
orders an ACTH stimulation test, in which Aaron’s secretion 
of cortisol is measured after he is given a synthetic form of 
ACTH. (a) What would account for Aaron’s low plasma Na+ 
and high plasma K+? (b) What is the reason for doing an ACTH 
stimulation test? (c) Which gland is primarily affected if ACTH 
does not cause a normal elevation of cortisol secretion? What is 
this abnormality called? (d) Which gland is primarily affected if 
ACTH does cause an elevation of cortisol secretion?
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Prepare for Your Future Career &  
Practice Solving Real-World Problems

NEW! Boxes on scientists feature details about the 
lives and works of eminent scientists. These will show 
you the human side of science.

See p. 830
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botulism, rabies, and tetanus (antitoxin) because these rapidly 
fatal diseases would kill a person before active immunity could 
be established. The donated antibodies provide immediate pro-
tection, but their effect is short-lived (two to three weeks).

almost six million deaths per year. While immunization programs 
to prevent the outbreak of life-threatening infectious diseases 
tend to focus on children, these vaccines can also be effective in 
adults. However, access to vaccines remains regrettably unequal 
both for children and adults globally.

Conventional vaccines have shortcomings. The biggest short-
coming is that they are not always as effective or long-lasting as 
we would like. In some individuals, contaminating proteins (for 
example, egg albumin) cause allergic responses to the vaccine.

Passive humoral immunity differs from active immunity, 
both in the antibody source and in the degree of protection it pro-
vides (Figure 21.13). Instead of being made by your plasma cells, 
ready-made antibodies are introduced into your body. As a result, 
your B cells are not challenged by antigens, immunological 
memory does not occur, and the protection provided by the “bor-
rowed” antibodies ends when they naturally degrade in the body.

Passive immunity is conferred naturally on a fetus or infant 
when the mother’s antibodies cross the placenta or are ingested 
with the mother’s milk. For several months after birth, the baby 
is protected from all the antigens to which the mother has been 
exposed.

Passive immunity can also be conferred artificially by 
administering exogenous antibodies (from outside your own 
body) as gamma globulin, harvested from the plasma of an 
immune donor. Exogenous antibodies are used to prevent hepa-
titis A (antiserum) and treat poisonous snake bites (antivenom), 

Adaptive defenses Humoral immunity
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Figure 21.14 Antibody structure.  
(a) Schematic antibody structure (based 
on IgG) consists of four polypeptides—two 
short light chains and two long heavy chains 
joined together by covalent bonds between 

sulfur atoms called disulfide bonds (S–S). 
Each chain has a variable (V) region (which 
differs in antibodies made by different 
cells) and a constant (C) region (essentially 
identical in different antibodies of the same 

class). Together, the variable regions form 
the antigen-binding sites—two per antibody 
monomer. (b) Computer-generated image 
of antibody structure.

Susumu Tonegawa (b. 1939) 
is a Japanese scientist who won 
the Nobel Prize in Physiology or 
Medicine in 1987 for elucidating 
t h e  g e n e t i c  m e c h a n i s m s 
underlying adaptive immunity. 
A problem in adaptive immunity 
was that, although the presence 
of millions of different anti-
body proteins was known, there 
weren’t enough genes in the 
human genome to account for 
these. So how were all these 
different antibodies produced?  By comparing the DNA of 
mature and immature B cells, Tonegawa discovered that 
the regions of DNA that produce antibodies become greatly 
rearranged as the B cell matures, which is how a small 
number of antibody-producing genes generate the huge 
variety of antibodies seen.
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