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Organization in the Body
All vertebrates share the same basic body plan, with tissues and organs functioning in a similar
manner. Here, we will focus on the human body, studying form (anatomy) and function
(physiology). The two go hand-in-hand and are an extension of one of biology’s central
themes, evolution.
Animals are made of complex systems of cells, which must be able to perform all of life’s
processes and work in a coordinated fashion to maintain a stable internal environment. Early
in a human’s development, groups of cells specialize into three fundamental embryonic or
germ layers: endoderm, mesoderm, and ectoderm. These embryonic layers differentiate into a
number of specialized cells and tissues. Tissues are groups of cells similar in structure and
function and may be held together by some sort of matrix. There are four primary groups of
tissues: epithelial, connective, muscular, and nervous.
Different tissues functioning together for a common purpose are called organs (eg, stomach,
kidney, lung, heart).
Organ systems are composed of individual organs working together to accomplish a
coordinated activity. For example, the stomach, small intestine and large intestine all play a
role in digestion.
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Tissues in the Human Body
Tissues are groups of cells similar in structure and function. The four primary categories of
tissues are epithelial, connective, muscular, and nervous.
•Epithelial tissues cover the outer and inner surfaces of the body, serving as “gatekeepers” for
the passage of materials. Epithelial cells have glandular roles, secreting substances such as
mucous and hormones. Some simple epithelial tissues consist of only one layer, while
stratified epithelial tissues are comprised of multiple layers. The shape of the cell on the outer
surface (columnar, cuboidal, or squamous) facilitates identification of epithelial tissues.
•Connective tissues help to bind, support, and join other tissues. The cells of connective
tissues are sparsely arranged in a profuse extracellular matrix which can be fluid (as in blood),
flexible (as in cartilage) or hard and crystalline (as in bone).
•Muscle tissues, composed of cells called fibers, are unique in the abundance and arrangement
of actin and myosin filaments, which enable muscle to contract. In humans, there are three
types of muscle tissues: smooth, cardiac, and skeletal.
•Nerve tissues are comprised primarily of neurons (nerve cells), which detect stimuli and send
responses in the form of electrochemical charges called impulses. Nerve tissues include a
variety of supporting cells called neuralgia and Schwann cells. These cells support, insulate,
and eliminate foreign materials in and around neurons.
References
Campbell, N. E., & Reece, J. B. (2002). Biology (6th ed.). San Francisco: Benjamin Cummings.
Raven, P. H., & Johnson, G. B. (2002). Biology (6th ed.). McGraw-Hill.
Image Reference
LifeART. (1998). Super Anatomy Collection 1-9. Baltimore, MD: Williams & Wilkins, All
rights reserved.

3

Human Organ Systems
Groups of organs working together to perform major activities of the body are called organ systems.
•The skeletal system, made of bones, cartilage and joints, is the framework of the body. It protects internal
organs, stores minerals and provides a place for muscles to attach.
•The human muscular system is composed of smooth, cardiac and skeletal muscle tissue. Skeletal muscle,
attached to the skeleton with dense strips of connective tissue called tendons, is responsible for the movement
of body parts. Smooth muscle, sometimes called visceral muscle, is found in internal organs (eg, lines the walls
of many blood vessels, makes up the iris of the eye and forms the wall of the gut). Cardiac muscle forms the
bulk of the heart which controls blood circulation.
•The circulatory system—blood, blood vessels and the heart—is the body’s transportation system, moving
oxygen, carbon dioxide, nutrients, wastes, hormones, vitamins, minerals and water throughout the body. It also
aids in regulation of temperature.
•The digestive system converts foods to simple substances that can be absorbed and used by the cells of the
body. It is composed of the mouth, pharynx, esophagus, stomach, small intestine and large intestine and is
aided by several accessory organs (liver, gall bladder, and pancreas).
•Made up of the skin, lungs, sweat glands and the kidneys, the excretory system removes metabolic wastes
from the body. The kidneys are responsible for eliminating the bulk of wastes from the human body.
•The reproductive system generates reproductive cells (gametes) and provides a mechanism for them to be
fertilized and maintained until the developing embryo can survive outside the body. The primary reproductive
organs are the ovaries (female) and the testes (male).
•The nervous system regulates and coordinates the body’s responses to changes in the internal and external
environment. Major structures of the nervous system are the brain, spinal cord and nerves.
•The endocrine system consists of the hypothalamus, pituitary, thyroid, parathyroid and adrenal glands, as
well as the pancreas, ovaries and testes. This system helps to maintain homeostasis, regulate temperature, and
control growth, development, metabolism and reproduction by secreting and releasing hormones.
•The first line of defense in protecting the body is the integumentary system, which is composed of the skin,
hair, nails, sweat and oil glands. It protects against injury, infection and fluid loss and also aids in temperature
regulation.
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Human Skeletal System
The skeleton forms a sturdy internal framework of 206 bones and associated tissues – cartilage, tendons, and
ligaments. Bones provide the base to which muscles attach and also the leverage required to accomplish external
movement. The skeleton protects vital organs such as the brain, spinal cord, heart and lungs. As a living,
dynamic tissue, bone stores vitamins and minerals (especially calcium and phosphorus) and houses red bone
marrow, which produces blood cells.
Anatomists divide the skeleton into two parts, axial and appendicular. The axial skeleton (upright, or core of the
body) includes the skull, ribs, sternum and vertebral column. Comprised of the shoulders, arms, hips and legs,
the appendicular skeleton forms the appendages that attach to the axial skeleton.
Approximately four times as strong as concrete, bone is one of the strongest materials produced by nature. It is a
connective tissue composed of cells called osteocytes, which are embedded in a hard, calcified matrix. Bones are
made of a dense outer layer of compact material that surrounds a core of loosely structured spongy bone. The
compact layer of bone is covered by a fibrous membrane called the periosteum. Cavities within each bone
contain red bone marrow (blood-forming tissue) or yellow bone marrow (fat storage).
Movement of the skeleton occurs at the joints where two or more bones meet. There are three categories of
joints. Slightly movable joints allow some movement but function mainly as a cushion (eg, joints between the
vertebra). Freely movable, or synovial, joints allow a range of movement determined by the structure of the
joint. Examples of movable joints are the ball and socket (shoulder), hinge (elbow), pivot (between radius, ulna
and humerus), and saddle joint (thumb). A few joints found in the skull are non-movable (sutures). Ligaments
are inelastic connective tissues which hold bones together in a joint.
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Diagram of Human Skeleton
The skeleton’s most important function is to provide support for the body. The skull, ribs,
sternum and vertebral column make up the “upright,” rigid axial skeleton, while the arms, legs,
shoulders and hips compose the more movable appendicular portion of the skeleton. The
articulation of bones forms joints and provides the skeleton with flexibility, enabling it to be
moved as muscles contract, extend and relax.
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Diagram of Human Bone
Nearly two-thirds of bone is made of various salts, primarily compounds containing
phosphorus and calcium, which provide rigidity and hardness. Collagen makes up the
remainder of the matrix (nonliving portion of bone tissue). New bone is produced by
osteoblasts, which secrete collagen. After the calcium phosphate is deposited in the matrix,
some of the osteoblasts become trapped in their own secretion and then are called osteocytes
(osteo = bone, cyte = cell). Bone is a dynamic tissue and constantly is reorganized by cells
called osteoclasts. Severe bone loss is called osteoporosis.
Compact bone consists of concentric rings of calcium and other minerals (lamellae)
surrounding a haversian canal (containing blood vessels and nerves that support the
osteocytes). The circular structure helps to form columns that allow the bone to withstand
stress, forming a basic structure of compact bone called a Haversian system.
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Human Muscular System
The primary role of the muscular system is to produce movement. As muscle tissue contracts, energy is used and
heat is generated. Muscles also maintain body positions and postures, such as supporting your head or sitting.
Muscle is a unique tissue in its ability to contract (shorten). The functional unit of skeletal muscle tissue is a
sarcomere, composed of actin and myosin protein filaments. When a muscle contracts, the sarcomere is shortened
by actin filaments “sliding” over myosin filaments. Since a muscle fiber moves by shortening (it pulls and cannot
push), muscles must work in antagonistic pairs. For example, a flexor contracts (shortens) and decreases the angle
of joint while an extensor is stretched, increasing the angle of the joint. One muscle group contracts while an
opposing muscle group extends. Muscle tissue is controlled and coordinated by stimuli from the nervous system.
The three types of muscle tissue are skeletal, smooth and cardiac. Skeletal muscle is attached to the skeleton with
tendons and is controlled consciously. Skeletal muscle cells are long, fiber-like and multinucleated. The number
of muscle fibers is fixed at birth, but protein can be added to increase the size the fiber with use and exercise.
Lack of use causes muscle fibers to atrophy. Movement of smooth muscle tissue, found in internal organs, is
usually involuntary. The cells of smooth muscle tissue are spindle-shaped and contain a single nucleus. Cardiac
muscle, also involuntary muscle, is found only in the heart. Cardiac muscle tissue contains “gap” junctions that
allow the diffusion of ions and the spread of electrical impulses from one cell to another.
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Human Muscular System
There are more than 600 voluntary muscles in the body, the strongest of which are the skeletal
muscles. Skeletal muscles account for approximately 23% of a woman’s weight and
approximately 40% of a man’s. Muscles work together to accomplish even simple
movements.
References
Clark, J. O. E. (Ed.). (1989). A Visual Guide to the Human Body. Barnes & Noble Books.

Raven, P. H., & Johnson, G. B. (2002). Biology (6th ed.). McGraw-Hill.
Image Reference
LifeART. (1998). Super Anatomy Collection 1-9. Baltimore, MD: Williams & Wilkins, All
rights reserved.

9

Three Types of Human Muscle Tissue
Skeletal muscle tissue, usually found attached to the skeleton, consists of long, straight
multinucleated cells with bands, or “striations.” Skeletal muscle is under voluntary, conscious
control.
Smooth muscle tissue is made of spindle-shaped cells containing a single nucleus. Smooth
muscle surrounds hollow internal structures, including the stomach, intestines, arteries and
veins. Because of the diagonal arrangement of parallel filaments of actin and myosin proteins,
smooth muscle has a greater capacity than other muscle types to be stretched while retaining
the ability to contract. Both smooth and cardiac muscle are considered involuntary since they
generally are not under our conscious control.
Cardiac muscle tissue is found only in the heart and has several attributes in common with
both skeletal and smooth muscle. It has striations or banding like skeletal muscle but is under
involuntary control like smooth muscle.
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Skeletal Muscle Contraction
A whole muscle is composed of bundles made of muscle fibers or cells. Actin and myosin are
proteins which are found in muscle cells. During a contraction, the knoblike head of a myosin
filament attaches to a binding site on actin to form a “crossbridge.” Powered by ATP, the
crossbridge changes shape, pulling the actin filament toward the center of the sarcomere.
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Human Circulatory System
The circulatory system distributes materials to and from all regions of the body and plays a role in regulating
temperature. Blood transports oxygen from the lungs to cells of the body while metabolic wastes, including carbon
dioxide, are removed from body cells and delivered to organs that eliminate them from the body. Nutrients are
picked up from the digestive system and distributed throughout the body, along with hormones, vitamins and
minerals. The circulatory system facilitates distribution of heat to maintain a relatively constant body temperature.
The human circulatory system consists of the heart, a series of blood vessels and blood. Made primarily of cardiac
muscle, the heart serves as two separate pumps, one for pulmonary circulation and the other for systemic circulation.
Valves control the directional flow of blood through the heart and prevent backflow. The average heart rate ranges
from 60 to 70 beats per minute initiated by the sinoatrial node, or pacemaker, which is found in the wall of the heart.
William Harvey (an English physician) demonstrated the function of the heart and complete circulation of the blood
in 1628, laying the foundation for modern medicine.
Blood vessels of the circulatory system consist of arteries, veins and capillaries. The largest artery is the aorta and the
smallest arteries are arterioles. Arteries are muscular, transport blood away from the heart, and, with the exception of
pulmonary arteries, contain oxygenated blood. Arteries expand and recoil under pressure (creating what we call
“pulse”) because of the elastic connective tissue in the walls. Veins are thinner and less muscular than arteries and
return blood to the heart. With the exception of the pulmonary veins, veins transport blood low in oxygen. Many
veins contain valves to prevent backflow of blood. Capillaries are one cell in thickness. This allows for the essential
exchange of materials between the blood and cells of the body.
Blood is a connective tissue consisting of a liquid matrix, called plasma, and a solid, cellular portion. Plasma is
approximately 90% water and 10% solutes (nutrients, wastes, vitamins, hormones, gases, ions, and plasma proteins,
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which maintain osmotic pressure). The cellular portion of the blood is made of red blood cells
(erythrocytes), which transport oxygen; white blood cells (leukocytes), which aid in defending the body
from infection; and platelets, which are important in blood-clotting reactions. In humans, erythrocytes
do not have a nucleus as mature cells but do contain hemoglobin, an iron-containing pigment which
binds and transports oxygen. Normally, less than 1% of the cells in human blood are white blood cells.
They have nuclei and are larger than red blood cells. Neutrophils, eosinophils, and basophils are
granular leukocytes, while monocytes and lymphocytes are non-granular. Platelets are pieces of
cytoplasm, which are pinched off cells called megakaryocytes.
Some of the fluid in blood, along with several plasma proteins, moves into the tissues and is returned
back to normal circulation by the lymphatic system. The lymphatic system consists of a series of
vessels and “nodes,” which filter out bacteria and other microorganisms.
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Diagram of the Human Heart
The two atria are the receiving chambers of the heart. The thick-walled ventricles are the
pumping chambers. Blood is collected from the body and emptied into the right atrium. Blood
in the right atrium passes through the tricuspid valve and into the right ventricle. The right
ventricle then contracts and forces blood through the right pulmonary valve, into the
pulmonary arteries and on to the lungs (pulmonary circulation).
After oxygenation in the lungs, the blood is returned to the left atrium through the pulmonary
veins. From the left atrium, blood flows past the mitral valve into the left ventricle through the
aortic valve and out to the body through the aorta (systemic circulation).
The rhythm of the heart is initiated in the sinoatrial node, often referred to as the “pacemaker”
of the heart. The impulse spreads and is picked up by the atrioventricular node. The autonomic
nervous system can change the pace of the heart rate but cannot initiate it.
The health of the heart and blood vessels can be monitored by pulse, blood pressure and
electrocardiograms.
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Human Immune System
The immune system is composed of cells and tissues that defend the body against pathogens. Initial responses
are nonspecific because they do not target a particular pathogen. The skin (largest organ of the body) and
mucous membranes are the body’s first line of defense, serving as a physical barrier and providing chemical
defenses. As pathogens enter the body, the immune system’s inflammatory response initiates the release of
histamines and prostaglandins. This increases blood circulation, thereby enabling white blood cells to migrate
to the infection site.
Because many pathogens can exist only in a very narrow temperature range chemicals are released to increase
body temperature, making it more difficult for pathogens to survive and reproduce. Interferon (a protein
released by cells infected by viruses) causes surrounding cells to produce an enzyme that prevents viruses from
making proteins and RNA. The most important nonspecific defense is mounted by three kinds of white blood
cells: neutrophils, macrophages and natural killer cells. Each of these types of cells has a specific mechanism
by which to attack and destroy pathogenic organisms.
If a pathogen is able to survive the body’s nonspecific defenses, specific immune responses are triggered.
Specific defenses include humoral immunity and cell-mediated immunity. Substances such as proteins,
carbohydrates and lipids are found on the surface of viruses and bacteria. If these macromolecules trigger the
immune response, they are called antigens.
Immunity against pathogens in the blood and lymph is called humoral immunity. B cells (lymphocytes)
produce specific proteins, known as antibodies, which bind to specific antigens, tagging them for destruction
by phagocytes.

In cell mediated immunity, killer T cells or cytotoxic T cells (lymphocytes), transfer proteins to a pathogenic
cell, causing fluid to leak out of the membrane. The pathogenic cell ruptures and is destroyed. Both humoral
and cell-mediated responses happen simultaneously and are regulated by helper T cells.
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Disease Prevention in Humans
A German physician named Robert Koch (winner of the Nobel Prize in 1905 for this work with tuberculosis)
was the first scientist to connect a specific bacteria to a certain disease. He established the following four
criteria for identifying pathogenic bacteria. These criteria are still the guidelines for medical microbiology
today.
1. The pathogen must be found in an animal with the disease and not in a healthy animal.
2. The pathogen must be isolated and grown in a laboratory.

3. When the isolated pathogen is injected into a healthy animal, the animal must develop the disease.
4. The pathogen must be isolated in the second animal, grown in the laboratory and identified as the same
pathogen.
In an experiment in 1796, Edward Jenner injected cowpox into healthy individuals in an attempt to cause each
person to develop immunity to smallpox. These experiments led to the modern vaccination process. A
vaccine is a solution containing dead or modified pathogens which is injected into a healthy individual to
create immunity to a particular disease. Smallpox was the first disease to be considered eradicated
worldwide by vaccination (1977).
Allergic responses are initiated when antigens (such as pollen, mold spores or dust) attach to mast cells causing
them to release histamines. Histamines increase blood flow and secretion of fluids, prompting a range of
symptoms.
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Autoimmune disorders occur when the body cannot distinguish pathogens from its own cells and
tissues. Multiple sclerosis, rheumatoid arthritis and systemic lupus are examples of autoimmune
disorders.
Acquired Immune Deficiency Syndrome, or AIDS, is an example of what can happen when the
immune system becomes compromised. When the AIDS virus (HIV) becomes active, it causes a
person to become sick from diseases that a functioning immune system would prevent.
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Human Respiratory System
Oxygen is a vital element for metabolism. The exchange of oxygen and carbon dioxide between body cells,
blood and the air in the lungs is called respiration. (Cellular respiration is a process whereby energy is released
from the breakdown of molecules in food at the cellular level.) Oxygen is transported to the cells of the body
primarily by binding to hemoglobin which is found within red blood cells. Carbon dioxide is transported by
diffusion into the plasma, binding to hemoglobin and forming a bicarbonate compound in the blood. Carbon
dioxide levels in the body are detected in the brain and affect breathing rate more than do oxygen levels in the
body.
The human respiratory system consists of the nose, pharynx, larynx, trachea, bronchi, and lungs (composed of
bronchioles and alveoli). The lungs are housed in an airtight pleural cavity framed by the rib cage and
diaphragm.
Breathing (the movement of air in and out of the lungs) is produced by pressure differences created by
changing the size of the pleural cavity. The diaphragm contracts and the rib cage is raised. The volume of the
pleural cavity is increased, creating a partial vacuum between the lung cavity and the atmosphere, and air
enters the lung. The average breathing rate in humans is approximately 14 breaths per minute.
Common respiratory disorders include bronchitis, pneumonia, emphysema, asthma and lung cancer. Diseases
such as Legionnaire’s and tuberculosis are caused by bacteria but many disorders result from damage inflicted
by smoking and breathing contaminated air.
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Diagram of Human Respiratory System
Air (comprised primarily of nitrogen and only about 21% oxygen) enters the nose, where tiny
hairs filter out dust and particles. Tissues moisten and warm the air, making it more suited for
the lung environment. Air passes from the pharynx to the larynx (containing two elastic vocal
cords) and into the trachea. The trachea divides into the left and right bronchi which subdivide
into smaller and smaller tubes called bronchioles. These airways are lined by mucous
membranes and countless cilia which trap and remove particles from the lungs. Bronchioles
open into the alveoli which are clustered like grapes. Only one cell thick, alveoli have direct
contact with capillaries for gas exchange. The grapelike arrangement of alveoli creates an
enormous surface area sufficient for exchanging enough oxygen and carbon dioxide for the
entire body.
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Human Digestive System
The 19th century German philosopher, Ludwig Feuerbach, said, “A man is what he eats.” Food fuels the body’s
cells and is used as building material for repair and in some cases, is stored for future use. The purpose of
digestion is to break food down to molecules that can be used by cells. Digestion involves three principle
processes: mechanical digestion, chemical digestion and absorption.
The process begins in the mouth. Chewing initiates the mechanical breakdown of food and is followed by
secretion of saliva, which moistens and lubricates food for swallowing. Saliva also contains amylases (enzymes),
which start the chemical breakdown of carbohydrates.
The swallowing reflex begins in the pharynx and initiates rhythmic waves of smooth muscle contractions called
peristalsis. Peristaltic contractions transport food to the stomach and allow a person to swallow even if he/she
are upside down.
The stomach contains an extra layer of muscle that aids in mechanically mixing and churning food into a semi
liquid form called “chyme.” Chemical digestion begins with proteins through the action of hydrochloric acid and
the enzyme, pepsin. Only water and a few substances, such as aspirin and alcohol, are absorbed by the lining of
the stomach.

As food enters the small intestine (so named because of diameter, not the length), secretions from the liver, gall
bladder and pancreas are added. The small intestine completes digestion of food materials and the nutrients are
absorbed into the blood. Fingerlike projections called villi (covered with microvilli) line the interior of the small
intestine. Villi increase the surface area for absorption and secretion.
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The large intestine is much shorter than the small intestine but is greater in diameter. The large intestine
does not contain villi, which greatly reduces its available surface area for absorption. It has no role in
digestion. Only water and vitamin K, synthesized by bacteria living in the the colon are absorbed into
the bloodstream from the large intestine. Undigested or unabsorbed food is eliminated.
A nutrient is a substance the body needs for growth, repair and maintenance. Nutrients include
carbohydrates, proteins, lipids, vitamins, minerals and water. Carbohydrates must be broken down into
monosaccharides and are the body’s main source of energy. Proteins are broken down to amino acids
and supply the raw materials for growth and repair. The body requires 20 amino acids, 10 of which it
cannot make and must obtain from outside sources. Lipids are reduced to fatty acids and glycerin. They
are used to make steroid hormones, cell membranes and also store energy. Vitamins are organic
molecules that aid in the regulation of body processes. Finally, water is required for metabolism and
chemical reactions within the body, for transport of substances around the body, and for regulation of
body temperature. Approximately two-thirds of the body weight is water.
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Diagram of Human Digestive System
The digestive system includes the gastrointestinal tract (mouth, pharynx, esophagus, stomach,
small and large intestines) along with accessory structures (teeth, tongue, salivary glands,
liver, gall bladder and pancreas). Food materials are broken down to usable nutrients and
absorbed into the bloodstream. They are used by the body for metabolism, building and repair.
Some nutrients are stored within the body.
The lining of the small intestine consists of tiny folds, called villi, which, in turn, are covered
by microvilli. Microvilli have brush border enzymes to hydrolyze lactose and sucrose. The
villi contain capillaries and lymphatic vessels for the absorption of nutrients.
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Human Excretory System
Normal metabolic activity generates waste products that must be eliminated to sustain
homeostasis. Ammonia (a product of protein metabolism) is converted to urea for elimination.
Carbon dioxide, generated from cellular respiration, is removed from the lungs. Excess water
and salts must be eliminated in order to maintain osmotic and pH balance.
The skin removes water, salts and nitrogen wastes in the form of sweat.
The lungs eliminate carbon dioxide, water vapor and heat in exhaled air.
The kidneys excrete the majority of metabolic waste products from the body. Each kidney
contains about one million functional filtering units called nephrons.
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Human Urinary System
The urinary system, consisting of the kidneys, ureters, urinary bladder and urethra, is
responsible for eliminating the majority of metabolic wastes from the body.
The functional unit of the kidney is the nephron. Each nephron is made of a cup-shaped
portion called Bowman’s capsule, tubules and a network of capillaries. Blood pressure within
a knot of capillaries (called the glomerulus) increases, causing most of the fluid of the blood to
enter Bowman’s capsule. This fluid is called filtrate. As the filtrate passes through the tubule
portion of the nephron, materials needed by the body are reabsorbed and the remainder of the
filtrate becomes urine. Proper functioning of the kidney is essential to maintaining
homeostatsis in the body.
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Human Reproductive System
The reproductive system is responsible for producing, storing and releasing specialized cells called gametes
and then transporting them to a place where fertilization can occur. As the fertilized egg (called a zygote)
begins to divide, it becomes an embryo and must be maintained within the body during a critical period of
development.
The testes produce the male gamete (called sperm) in the seminiferous tubules. From there, sperm are
moved through the epididymus and the vas deferens, past the seminal vesicle (where seminal fluid is
produced), through the prostate gland, past the bulbourethral gland (Cowper’s gland) and out of the body
through the urethra. Testosterone, the primary male androgen, is produced by the testes and is regulated
through a negative biofeedback system.
Eggs are produced in the ovary of the female before birth. Following the onset of puberty, they are matured
and released in a process called ovulation. After ovulation, the egg is swept into the fallopian tube where
fertilization can take place. If the egg is fertilized, it passes to the uterus, where implantation occurs in the
blood rich inner layer of the uterus (the endometrium). The outer end of the uterus is called the cervix.
Beyond that is a canal called the vagina. Follicle stimulating hormone (FSH) and luteinizing hormone (LH)
from the pituitary gland along with estrogen and progesterone from the ovary, are the primary hormones
controlling the monthly preparation of the endometrium and maturation of the egg (called the menstrual
cycle).
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Diagram of Human Male Reproductive System
The testes are located outside of the body cavity in the scrotum. Sperm are produced in the
seminiferous tubules within the testes (Production is controlled by two hormones from the
pituitary gland). Sperm are transported into the epididymus which stores and improves the
fertility of sperm. From the epididymus, sperm are moved by cilia through the vas deferens
and out through the urethra. Seminal fluid with nutrients for sperm is added by the seminal
vesicle and prostate gland, producing semen. The bulblurethral gland (Cowper’s gland)
secretes an alkaline fluid to neutralize acidic traces of urine in the urethra. Semen is ejaculated
through the penis into the vagina of the female during sexual intercourse.
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Diagram of the Human Female Reproductive System
At birth, the ovaries contain all the immature eggs a female ever will produce. After puberty,
eggs are released monthly from the ovaries. The fingerlike projections of the fallopian tube are
lined by cilia that draw the eggs into the fallopian tube, where fertilization can take place. If
the egg is fertilized, it implants in the endometrium of the uterus. The vagina, a canal leading
from the uterus, is where semen is deposited by the male during sexual intercourse.
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Human Endocrine System
Glands produce and release secretions. Endocrine glands (ductless) produce chemical
substances called hormones and release them into the bloodstream. These glands include the
hypothalamus, pituitary, pineal, thyroid, parathyroid, thymus, adrenal, pancreas, ovary and
testes. Exocrine glands deliver secretions through a duct or tube to specific locations (salivary
glands, sweat glands, mucous glands).
Hormones are chemical messengers that bind to target cells and affect cell activities. In
general, the response of the body to hormones is slower and more long lasting than the
response to nerve impulses. The release of hormones is controlled through a negative feedback
system. Negative feedback systems are control mechanisms that operate by inhibiting a
process or activity that originally led to starting the process or activity. For example, as
glucose levels in the body increase, sensors in the pancreas signal the release of the hormone
insulin. Insulin promotes the entry of glucose into cells, lowering glucose levels. As the
glucose levels in the blood decrease, the pancreas stops secreting insulin.
Steroid hormones are produced from the lipid, cholesterol and are able to pass through cell
membranes and bind to receptor proteins. Nonsteroid hormones are made from amino acids
and generally cannot pass through the cell membrane. These hormones bind to a receptor site
on the outside of a cell in order to initiate chemical reactions inside the cell.
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Diagram of the Human Endocrine Systems
•Hypothalamus – coordinates activities of the nervous and endocrine systems and
produces hormones to regulate the pituitary gland
•Pituitary – produces hormones that direct the activities of other endocrine glands
•Pineal – releases melatonin which is involved in rhythmic or cyclic activities
•Thyroid – produces hormones that regulate metabolism and development
•Parathyroid – helps maintain appropriate calcium levels
•Thymus – involved with immune development during childhood
•Adrenal – regulates the body’s stress response (epinephrine, norepinephrine,
cortisol, aldosterone)
•Pancreas – controls glucose levels in the blood (insulin, glucagon)
•Ovary – secretes estrogen and progesterone to regulate reproduction
•Testes – produces testosterone to control formation of sperm and sexual behavior
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Human Nervous System
The nervous system coordinates the body’s response to changes in the internal and external
environments. It is responsible for gathering, integrating, interpreting and responding to information
about conditions throughout the body.
Neurons are specialized cells that transmit electrical signals, called impulses, throughout the body.
Motor neurons relay impulses from the brain and spinal cord to other parts of the body. Sensory
neurons transmit impulses toward the brain and spinal cord. Interneurons relay impulses between
sensory and motor neurons. A basic neuron is made of a cell body (which contains the nucleus),
dendrites and a long axon.
The central nervous system (CNS) consists of the brain and spinal cord and is responsible for
relaying, processing and analyzing information. The brain is the primary processing center for the
body. The spinal cord links the brain with the peripheral nervous system.
The peripheral nervous system (PNS) consists of 12 pairs of cranial nerves, 31 pairs of spinal nerves
and all the nerves that extend beyond them into the body. Sensory nerves bring information into the
CNS. Motor neurons carry impulses to muscles and glands. The motor division of the PNS is further
divided into the somatic nervous system (regulates activities under voluntary control) and the
autonomic nervous system (regulates involuntary activities). The portion of the autonomic nervous
system that is most active during normal activities is called the parasympathetic system. The portion
that dominates during physical or emotional stress is the sympathetic system.
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Diagram of Human Neuron
In a typical nerve cell, the largest portion is the cell body, which contains the nucleus. Dendrites extend
from the cell body and receive impulses that are transmitted to the cell body and out through a long
extension called an axon. Some neurons have a fatty outer layer of insulation called the myelin sheath. The
myelin sheath is interrupted at intervals, causing impulses to“jump” the gaps (called Nodes of Ranvier)
and speed the transmission rate. Impulses travel in one direction only: in through the dendrites and out
through the axon. Bundles of neurons are called nerves.
The connecting space between neurons is called a synapse. Neurotransmitters at the synapse must be
activated for the impulse to continue to the next neuron.
Electrical impulses in neurons depend on relative concentrations of ions inside and outside of the cell’s
membrane. Voltage-gated channels affect the membrane potential of the neuron. At resting potential, the
inside of the neuron is more negatively charged than the outside of the neuron. The reversal of polarity
inside the neuron (called action potential) causes voltage-gated sodium channels to open and sodium ions
to flow into the axon. This begins a chain reaction that causes sodium channels to open along the axon.
The action potential conducts rapidly down the axon. Voltage-gated potassium channels open, allowing
potassium ions to flow out of the axon, returning the membrane potential to negative. The resting potential
is regained as sodium “pumps” restore the original concentrations of sodium and potassium inside and
outside the membrane.
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Diagram of the Human Brain
The brain and spinal cord are protected by meninges and cerebrospinal fluid. The cerebrum is
the largest part of the brain and is responsible for memory, intelligence, learning and
judgment. Most sensory and motor processing occurs in the cerebrum. The cerebellum
coordinates and balances the action of muscles. The lower brain stem, including the midbrain,
pons and medulla oblongata, relays information and helps maintain homeostasis (heart rate,
breathing rate, body temperature, and sleep). In the upper brain stem, the thalamus is
responsible for relaying signals from the sense organs, while the hypothalamus helps to
regulate activities of the endocrine system, as well as hunger, thirst and body temperature. The
spinal cord connects the brain and peripheral nervous system through thirty-one pairs of spinal
nerves.
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Human Integumentary System
The word integument is derived from a Latin word meaning “to cover.” Skin, nails, hair and
sweat and oil glands make up the integumentary system.
The skin serves as a first line of defense for the body, protecting against infection and UV
radiation. It also helps to regulate temperature and remove wastes. The top layer of skin,
known as the epidermis, is a layer of dead cells containing keratin, making the skin more
waterproof. Cells in the epidermis also produce the pigment melanin. The dermis, which is
below the epidermis, contains blood vessels, nerves, sense receptors, hair follicles and smooth
muscle. The dermis contains two types of glands, sebaceous and sweat. Beneath both the
epidermis and dermis, the subcutaneous layer is made of connective tissue (mostly fat) and
helps to insulate, store energy and protect the body.
Hair and nails are made of keratin-filled cells.
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Homeostasis
Homeostasis means “steady state,” or internal balance, and is a recurrent theme in understanding how
organisms function as a whole. A stable environment, maintained within narrow limits, is essential to
all life.
Organisms constantly exchange energy and materials with their environments. The gains and losses
must balance over some type of time interval. For example, as glucose enters the blood after a meal,
excess glucose is transported to the liver to be converted to glycogen. Between meals, as glucose levels
drop, the liver converts glycogen back to glucose and releases it into the bloodstream.
Homeostatic control systems have a receptor that detects change, along with a control center that
directs the response to an effector. The body monitors internal conditions and makes corrections
through biofeedback loops. In negative feedback loops, a change in the monitored variable triggers a
response to counteract further change in the same direction. If excess heat is detected in the body, the
brain signals the blood vessels near the surface of the body to dilate and the sweat glands to increase
production. As body temperature nears normal, the brain reverses the process by slowing sweat
production and constricting blood vessels.
In positive feedback loops, a change in the monitored variable triggers further action rather than
reversing the action. A common example of a positive feedback loops occurs in blood clotting, with
each clotting reaction activating another until the bleeding is stopped.
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