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18.4 The boundaries between the four chambers of the
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18.5 The heart has an extensive blood supply 708
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valves close before the AV valves open 712
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The cardiac cycle is a complete round of systole and diastole 717
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blood flow 718
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in calcium ion membrane permeability 720

SmartArt Video: The conducting system of the heart 721



18.12  Electrical events of pacemaker cells and conducting
cells establish the heart rate 722

18.13 CLINICAL MODULE: Normal and abnormal cardiac activity
can be detected in an electrocardiogram 724

18.14 The intrinsic heart rate can be altered by autonomic
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18.15 Stroke volume depends on the relationship between
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SECTION 1 Functional Anatomy of Blood Vessels 739

19.1 The heart pumps blood, in sequence, through the
arteries, capillaries, and veins of the
pulmonary and systemic circuits 739
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19.2 Arteries and veins differ in the structure
and thickness of their walls 740

19.3 Capillary structure and capillary blood flow affect the rates
of exchange between the blood and interstitial fluid 742

19.4 The venous system has low pressures and contains
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and Blood Flow 747

19.5 Pressure, resistance, and venous return affect
cardiac output 747

19.6 Vessel luminal diameter is the main source of
resistance within the cardiovascular system 748

19.7 Blood flow is determined by the interplay between
arterial pressure and peripheral resistance 750

19.8 Capillary exchange is a dynamic process that includes
diffusion, filtration, and reabsorption 752

19.9 Cardiovascular regulatory mechanisms respond to
changes in blood pressure or blood chemistry 754

19.10 Endocrine responses to low blood pressure and low
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blood pressure and high blood volume 756

19.11 Chemoreceptors monitor the chemical composition
of the blood and cerebrospinal fluid 758
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adjustments to cardiac output and blood
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19.14 New blood vessels form through
vasculogenesis and angiogenesis 763
The pulmonary circuit carries deoxygenated blood
from the right ventricle to the lungs and returns
oxygenated blood to the left atrium 764

The arteries and veins of the systemic circuit operate in
parallel, and the major vessels often have similar names 766
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drained by the superior vena cava 768

The external carotid arteries supply the neck, lower jaw,
and face, and the internal carotid and vertebral arteries
supply the brain while the external jugular veins drain
the regions supplied by the external carotid arteries,
and the internal jugular veins drain the brain 770

The internal carotid arteries and the vertebral

arteries supply the brain which is drained by the

dural sinuses and the internal jugular veins 772

The regions supplied by the descending aorta are
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19.21 The viscera supplied by the celiac trunk and mesenteric
arteries are drained by the branches of the hepatic

portal vein 776

The pelvis and lower limbs are supplied by branches of the
common iliac arteries and drained by branches of the
common iliac veins 778

The arteries of the systemic circuit deliver oxygenated
blood throughout the body and the veins of the systemic
circuit return deoxygenated blood back to the heart 780
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SECTION 1 Anatomy of the Lymphatic System 793

20.1 The lymphatic system consists of lymphatic
vessels, nodes, and lymphoid tissue 793
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20.3 Small lymphatic vessels converge to form lymphatic ducts
that empty into the subclavian veins 796

20.4 Lymphocytes are responsible for the immune functions of
the lymphatic system 798

20.5 Lymphocytes aggregate within lymphoid tissues and
lymphoid organs 800

20.6 The thymus is a lymphoid organ that produces functional
Tcells 802

20.7 The spleen, the largest lymphoid organ, responds
to antigens in the bloodstream 804
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Innate Immunity 807

Innate immunity is nonspecific and is not stimulated by
specific antigens 807

Physical barriers prevent pathogens and toxins from
entering body tissues 808

Phagocytes respond to pathogen invasion 809

NK cells perform immune surveillance, detecting and
destroying abnormal cells 810

Interferons and the complement system are
distributed widely in body fluids 812

Inflammation is a localized tissue response to injury; fever is
a generalized response to tissue damage and infection 814
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Adaptive immunity provides the body’s specific defenses 817

Adaptive immunity is triggered by exposure of T cells and
B cells to specific antigens 818

SmartArt Video: The immune response 819

Infected cells stimulate the formation and division of
cytotoxic T cells, memory T cells, and regulatory T cells
Antigen-presenting cells can stimulate activation of CD4
T cells, producing helper T cells that promote B cell
activation and antibody production 822

Antibodies are small soluble proteins that bind to specific
antigens and whose abundance increases upon later
antigen exposure 824

Antibodies use many different mechanisms to destroy
target antigens 826
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Anatomy of the Respiratory System 839

The respiratory system has an upper and lower
respiratory tract with different functions 839

The respiratory defense system protects the respiratory
mucosa 840

The upper respiratory system includes the nose, nasal

cavity, paranasal sinuses, and pharynx 842
The larynx protects the glottis that produces sounds 844

The trachea, bronchi, and bronchial branches convey
air to and from lung gas exchange surfaces 846
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The lungs have lobes that are subdivided into
bronchopulmonary segments 848

Pulmonary lobules contain alveoli, where gas exchange
occurs 850
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Respiratory physiology involves external and internal
respiration 853

Pulmonary ventilation is driven by pressure changes within
the pleural cavities 854

Respiratory muscles are involved with breathing, and
pulmonary function tests determine lung performance 856

Pulmonary ventilation must be closely regulated to meet
tissue oxygen demands 858

Gas diffusion depends on the partial pressures and
solubilities of gases 860

SmartArt Video: Partial pressures and gas diffusion 861

Almost all the oxygen in blood is transported bound to
hemoglobin within red blood cells 862

Carbon dioxide is transported three ways in the
bloodstream 864
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SECTION 1 Organization of the Digestive System 881

22.1 The digestive system consists of the digestive tract and
accessory organs 881

22.2 Thedigestive tract is a muscular tube lined by a mucous
epithelium 882

22.3  Smooth muscle tissue is found throughout the body, but it
plays a particularly prominent role in the digestive tract 884

224 Smooth muscle contractions produce motility of the
digestive tract and local factors interact with neural and
hormonal mechanisms to regulate digestive activities 886
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The digestive tract begins with the mouth and ends with
theanus 889

The oral cavity is a space that contains the tongue, teeth,
and gums 890



22.7 Teeth in different regions of the jaws vary in size, shape,
and function 892

22.8 The muscular walls of the pharynx and esophagus
play a key role in swallowing 894

229 The stomach and most of the intestinal tract are suspended
by mesenteries and covered by the peritoneum 896

22.10 The stomach is a muscular, expandable, J-shaped
organ with three layers in the muscular layer 898
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and aids in mechanical and chemical digestion 900

2212 Theintestinal tract is specialized to absorb nutrients 902
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andileum 904

22.14 Several hormones regulate digestion 906
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2218 Some accessory digestive organs have secretory functions 915

22.19 Saliva lubricates, moistens, and protects the mouth and
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22.20 The liver, the largest visceral organ, is divided into
left, right, caudate, and quadrate lobes 918

22.21 The liver tissues have an extensive and complex blood
supply 920
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Digestion involves a series of steps to make nutrients
available to the body 945
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The urinary system organs are the kidneys,
ureters, urinary bladder, and urethra 975

The kidneys are paired retroperitoneal organs 976
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specific functions 980
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The kidneys are highly vascular, and the
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