
Mrs. Lee 
 
Biology 
 
2nd Semester week 4 
 
This week will be the continuation of the organization of the Human Body.  Please read 19.4, 
19.5 and 19.6 and complete questions at the end of the section.  Please submit all work to 
mlee@floydbroncos.com or 575-562-0154. Have a great week!! 
 

19.4 The Nervous System 

Learning Objective 

Describe the structure and function of the nervous system. 

You’re eating cornflakes and reading the sports page. You glance at the clock and see 
that you’re late for class. Immediately, your body goes into overdrive. Your heart starts 
to pound and you begin to sweat. You dash out the door, run down the steps—and trip. 
Pain shoots through your knee, but you pull yourself up and continue your race to class. 
There, you drop into your seat. Your heart rate gradually slows, and your body relaxes. 
This entire sequence of actions and responses is controlled by your nervous system. 
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The nervous system collects information about the body’s internal and external 
environments and controls the body’s activities. It can be divided into two parts. The 
central nervous system includes the brain and spinal cord, and the peripheral nervous 
system includes all the other nerves in the body. 

The nervous system includes two different kinds of cells: neurons and glial cells. A 
neuron is a specialized cell that receives and transmits electrical signals from one part 
of the body to another. A typical neuron has three parts: (1) dendrites receive 
information from other neurons or cells, (2) the cell body contains the neuron’s nucleus 
and organelles, and (3) the axon transmits information to other neurons or cells. Glial 
cells support, insulate, and protect neurons. The human brain actually has 10 to 50 
times more glial cells than neurons. 

Kinds of Neurons 

There are three types of neurons: sensory neurons, interneurons, and motor neurons. 
Sensory neurons carry information from the senses to the central nervous system. The 
neurons that transmit visual information from your eyes to your brain are sensory 
neurons. In the story about your run to class, sensory neurons told your brain about the 
time on the clock and the pain of hitting your knee on concrete. Interneurons connect 
neurons to other neurons. Interneurons are found exclusively within the central nervous 
system. Motor neurons carry directions from the central nervous system to muscles or 
organs. During your run to class, motor neurons directed the motion of your legs. A 
motor neuron also made your heart beat faster. 
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Motor neurons belong to either the somatic nervous system or the autonomic nervous 
system. Motor neurons in the somatic nervous system control voluntary actions, such as 
running to class. These neurons provide instructions to your voluntary muscles, such as 
the muscles of your arms, legs, and fingers. Motor neurons in the autonomic nervous 
system control involuntary actions. These neurons control organs and involuntary 
muscles (such as heart or stomach muscle). The neuron that made your heart beat 
faster is part of your autonomic nervous system. 

You can decide to bend your elbow, but you can’t decide to make your heart beat 
faster. That’s the difference between the somatic and autonomic nervous systems. 

The autonomic nervous system includes a sympathetic and a parasympathetic division. 
The sympathetic nervous system prepares your body for danger. It triggers a “fight or 
flight” response. “Fight or flight” refers to the fact that when you’re threatened, you need 
to either run away (“flight”) or stay and “fight.” The sympathetic nervous system sped up 
your heartbeat when you realized you were late for class, speeding the transport of 
oxygen to your muscles. The sympathetic nervous system also slows down digestion 
and other activities that are unimportant during emergencies. The parasympathetic 
nervous system works during calmer times. Its effects are the opposite of those of the 
sympathetic nervous system—it calms you down. Your parasympathetic nervous 
system took over after you got to class and were able to relax. 

How Neurons Work 

Learning Objective 



Explain how a neuron transmits and receives information. 

How a Neuron Fires 

Is the human body like a toaster? Well, it is in one small way. Like a toaster or a 
computer, your body relies on electrical signals to do its work. 

In neurons, the electrical signals are changes in the voltage, or electric potential, across 
the cell membrane. A neuron has an electric potential across its cell membrane 
because the electric charge inside a neuron is different from the electric charge outside. 
This electric potential is called a membrane potential because it is the cell membrane 
that keeps the charged particles separate. 

Unifying Concept 



The Electric Force Section 7.1 

When a neuron is not signaling, it is at its resting potential. The resting potential of a 
neuron is negative. Why? First, like other cells, neurons have more potassium ions 
inside the cell than outside and more sodium ions outside the cell than inside. The 
overall effect of these concentration gradients is to help establish a negative resting 
potential. (You may remember that the sodium-potassium pump maintains these 
concentration gradients by using active transport to move sodium ions out of cells and 
potassium ions into cells.) Second, neurons contain many negatively charged ions, 
including proteins and other organic molecules. As a result, the inside of a neuron is 
normally negatively charged and the outside of a neuron is normally positively charged, 
creating a resting potential of about −70 millivolts (mV) across the cell membrane. 

A neuron sends information by signaling, or “firing.” How does this happen? A neuron is 
stimulated when its membrane potential is increased. If a neuron’s membrane potential 
reaches a certain threshold value—about −55 mV—sodium channels in the neuron’s 
cell membrane suddenly open, allowing positively charged sodium ions to move into the 
neuron. (Sodium ions move into the neuron because there are more sodium ions 
outside the cell than inside.) This influx of positively charged ions causes the membrane 
potential to spike and become positive. This spike is called an action potential. The 
action potential is the neuron’s way of signaling, or “firing.” Once the spike occurs, the 
sodium channels quickly close and the potassium channels open. Positively charged 
potassium ions flow out of the neuron (they flow out because there are more potassium 
ions inside the cell than outside), causing the membrane potential to return to resting 
potential.  
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An action potential is an all-or-nothing event—a neuron either fires or it doesn’t. A 
neuron cannot fire “harder” when a stimulus is more intense. However, it does fire more 
often. For example, touch sensors in your skin fire slowly when they feel a little pressure 
(tick … tick … tick …) and quickly when they feel lots of pressure (tick-tick-tick-tick-tick). 

How an Action Potential Is Propagated 

An action potential doesn’t spike everywhere on a neuron’s cell membrane at once. It 
begins at one end of the axon, near the neuron’s cell body, and then travels down the 
axon. How does this happen? 

Unifying Concept 

The Second Law of Thermodynamics Section 6.5 

When an action potential begins, sodium ions enter the end of the axon that is closest to 
the cell body. These ions diffuse into adjacent areas along the axon. Because the 
sodium ions are positively charged, they cause the local membrane potential to 
increase. When the local membrane potential reaches threshold, a new action potential, 
farther along the axon, begins. The process is similar to the way a row of dominoes 
falls: The first domino knocks down the next one, which knocks down the next one, and 
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so forth. Similarly, an action potential sets off an action potential farther down the axon, 
and the action potential travels down the entire axon. 

In the disease multiple sclerosis, the body’s immune system destroys myelin in the 
central nervous system. The symptoms of multiple sclerosis vary depending on the 
parts of the brain and spinal cord that are affected. Symptoms can include problems 
with fatigue, dizziness, bladder and bowel control, vision, muscle control, and balance. 

How a Neuron Communicates with Another 

Cell 

So far, we have seen what happens during an action potential and how an action 
potential travels down an axon. What happens when an action potential arrives at the 
end of an axon? At the end of an axon, a neuron connects with one or more target cells 
and passes information to them. A target cell can be another neuron or a cell that does 
something, such as a muscle cell or organ cell. A connection between a neuron and a 
target cell is called a synapse. There are two types of synapses: electrical synapses 
and chemical synapses. 

In an electrical synapse, tiny channels in the cell membrane called gap junctions 
connect a neuron to a target cell. When the neuron fires, ions move through these 
channels into the target cell, starting an action potential in the target cell. Because the 
ions move very quickly, electrical synapses are very fast. Electrical synapses are found 
in places where speed is important. For example, in the heart, electrical synapses allow 
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many muscle cells to contract nearly simultaneously to produce the heartbeat. Despite 
their speed, though, electrical synapses are fairly rare in the body. 

Unifying Concept 

The Second Law of Thermodynamics Section 6.5 

Most synapses are chemical synapses. Chemical synapses are not as fast as electrical 
synapses, but they allow for a finer degree of control. In a chemical synapse, a neuron 
communicates with a target cell using molecules of neurotransmitter. When an action 
potential arrives at the end of an axon, vesicles containing neurotransmitter fuse to the 
neuron’s cell membrane. Neurotransmitter molecules are released into the narrow 
space between the axon and the target cell, and they diffuse to the target cell. There, 
the neurotransmitter molecules bind to receptors on the target cell’s membrane. The 
binding causes ion channels to open, and ions enter the target cell. 

The membrane potential of the target cell may increase or decrease, depending on the 
type of ion that enters. An excitatory signal increases the target cell’s membrane 
potential and makes the target cell more likely to fire. An inhibitory signal decreases the 
target cell’s membrane potential and makes it less likely to fire. A target cell may receive 
signals from many other neurons. In fact, a typical neuron has between 1,000 and 
10,000 synapses with other neurons! Depending on the sum total of their effects, the 
neuron will either reach its threshold and fire, or not 
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The effect of a neurotransmitter on a target cell ends when the neurotransmitter is 
removed. Neurotransmitter molecules can be degraded by enzymes, taken up by the 
original neuron and repackaged into vesicles, or collected and broken down by glial 
cells. Some medications affect neurotransmitter function. For example, certain 
antidepressants are selective serotonin reuptake inhibitors (SSRIs). SSRIs prevent 
neurons from taking up the neurotransmitter serotonin after it has been released at 
synapses. As a result, more serotonin remains to bind to and stimulate target neurons 

How Fast Can Action Potentials Travel? 

Learning Objective 

Explain how axon size and myelination affect how quickly an action potential 
travels. 

For a squid escaping from a hungry shark, speed is of the essence. How quickly the 
signal to Move! gets from the brain to the muscles is the difference between life and 
death. How can you make an action potential go faster? 



Action potentials travel faster if the sodium ions that produce them move more quickly 
down an axon. How quickly sodium ions move down an axon depends on Ohm’s law, 
which says that current = voltage/resistance. The lower the resistance, the higher the 
current and the faster the action potential. Like any other material, an axon has lower 
resistance if it is thicker. This is because a thick axon resists current less than a thin 
axon, the same way a wide pipe resists water flow less than a thin pipe. So, one way to 
get a fast action potential is to build a thick axon. Thick axons have in fact evolved many 
times in different animals, including cockroaches, earthworms, and squid. The squid 
giant axon is nearly a millimeter in diameter and conducts action potentials very 
quickly—at a speed close to 100 meters/second. Compare this to a typical 1-micrometer 
axon, which conducts action potentials at a speed of about 2 meters/second. 

Unfortunately, you can’t pack very many giant axons into one animal; they simply take 
up too much space. Vertebrates and some other animals have evolved a different way 
to conduct action potentials quickly—myelination. In a myelinated axon, the action 
potential is not regenerated at every point along the axon. Instead, the action potential 
“jumps” from one gap in the myelin sheath to the next, saving time. A myelinated axon 
only 20 micrometers in diameter conducts action potentials as fast as the squid giant 
axon. 

Endorphins 

Learning Objective 



Describe the function of endorphins. 

What do chocoholics and long-distance runners have in common? Just maybe, an 
addiction to endorphins. Endorphins are neurotransmitters released by the brain during 
times of stress or pain. Endorphins bind to opiate receptors on neurons, the same 
receptors used by drugs such as morphine, codeine, opium, and heroin. These drugs 
resemble endorphins in part of their chemical structure and so are able to bind to the 
same receptors. In fact, endorphins were discovered after scientists identified the 
receptor for morphine and realized that the body must make a molecule of its own that 
used the receptor. 

Like opiates, endorphins decrease pain and bring on a feeling of euphoria. It is this 
euphoria that runners call “runner’s high.” Endorphin release is also associated with 
laughter, orgasm, acupuncture, massage, and deep meditation. Finally, certain 
foods—notably chocolate and chili peppers—increase endorphin release. That’s 
comfort food indeed. 

The Senses 

Learning Objective 



Describe how human sense organs convert information from the environment into 
action potentials that can be understood by the brain. 

Your senses are your connection to the world. What would happen if you couldn’t see, 
hear, smell, touch, or taste? What if you couldn’t tell, without looking at them, where 
your hands were? What if pain didn’t warn you of danger or injury? Each of your senses 
takes information from the environment—light, sound, touch, or molecules—and 
converts it into action potentials that are sent to the brain. As you will see, each sense 
accomplishes this in its own way. 

Vision 

Light enters your eyes (Figure 19.15a) through a tough, transparent layer called the 
cornea, which is continuous with the “whites” of your eyes. Light then passes through a 
small hole, the pupil. The iris, the part of the eye that gives you your eye color, 
surrounds the pupil and controls its size. In bright light, the pupil is small. In dim light, 
the pupil expands to let in more light. From the pupil, light passes through the lens. The 
lens focuses light on the retina at the back of the eyeball. The retina is covered with 
light-sensitive cells called rods and cones (Figure 19.15b). When light hits the rods and 
cones, it changes the action potentials they transmit to the brain. The bundle of neurons 
that takes visual information from the retina to the brain is called the optic nerve. 

The two types of light-sensitive cells in your eyes, rods and cones, have different 
functions. Rods are very sensitive to light and are especially important for seeing in dim 
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light. Rods cannot discriminate colors and allow you to see only black, white, and 
shades of gray. This is why, in a dark room, you cannot see the difference between a 
navy-blue shirt and a maroon shirt. (Most people are so used to this, however, that they 
don’t even realize they’ve lost their color vision!) Rods also are not very good at making 
out fine details, which is why your night vision is grainy and not very sharp. Cones 
detect color. Your eyes have three types of cones that respond most strongly to red, 
green, and blue light. All the shades you see are made up of different combinations of 
these three colors. Color-blindness results from having a nonfunctioning version of one 
or more cone type. Rods and cones make up 70% of the sense cells in the 
body—evidence that vision is our best-developed sense. 

Hearing 

The ear consists of three parts: the outer ear, middle ear, and inner ear. Sound waves 
move through the air to the pinna, the cartilaginous flap on the side of the head. The 
pinna funnels the waves in, and they move toward a thin membrane of skin—the 
eardrum. Sound waves make the eardrum vibrate, just the way blowing on a piece of 
paper makes it shake. The eardrum’s vibrations move three middle ear bones—the 
hammer, the anvil, and the stirrup—in sequence. These bones amplify the vibrations, 
making them more powerful. The stirrup then transfers the vibrations to the fluid-filled 
inner ear 

Technology 



Visual Prostheses for the Blind 

Will blindness one day be as easy to treat as a toothache? Scientists are beginning to 
develop visual prostheses that bring vision to the blind. The most promising strategy at 
the moment involves mounting a small camera on a pair of eyeglasses and implanting 
an array of electrodes—devices that conduct electric currents—behind the retina. A chip 
in the camera sends wireless signals to the electrodes, which do the work of rods and 
cones: They use visual information from the camera to stimulate intact neurons at the 
back of the retina. The neurons then pass visual information to the brain. Although 
retinal prostheses are still being tested, volunteers with the implants have been able to 
detect light, locate and count objects, and distinguish between simple objects such as a 
fork and a knife. As the technology advances, retinal prostheses may eventually allow 
patients to navigate unfamiliar locations, recognize faces, and read text. 

Because retinal prostheses require functional retinal neurons, they are useful only in 
cases where blindness results from the loss of rods and cones. This is the case for 
retinitis pigmentosa, the leading cause of inherited blindness in the world, and 
age-related macular degeneration, the leading cause of blindness in the industrialized 
world. For patients who do not have intact retinal neurons, researchers are pursuing 
other strategies. For example, some scientists are exploring the possibility of directly 
stimulating the optic nerve or even the parts of the brain that interpret visual information. 
Stay tuned. 

Unifying Concept 



Waves Section 8.1 

In the inner ear, sound vibrations enter the cochlea, a coiled tube that holds the organ of 
Corti. The organ of Corti contains the sensory cells responsible for hearing. Fluid 
vibrations in the inner ear move the organ of Corti’s basilar membrane, causing sensory 
“hairs” embedded in it to brush against an overlying membrane and bend. This bending 
causes ion channels to open, initiating action potentials that are transmitted by the 
auditory nerve to the brain. Note that the “hairs” of hearing cells are not like the hairs on 
your head; they are long extensions of sensory cells that happen to be shaped like 
hairs. You can distinguish different noises—the high pitch of a siren versus the low pitch 
of a jackhammer—because different parts of the organ of Corti respond to different 
pitches. 

Smell and Taste 

The senses of smell and taste work through chemoreception. In chemoreception, 
chemicals bind to receptors in the cell membrane of chemosensory cells. The binding 
causes ion channels to open, and that initiates action potentials. 

The sensory cells for smell lie in two patches at the top of your nasal passages. Each 
patch is about the size of a dime. Humans have more than 1000 different kinds of 
chemosensory cells for smell, each containing only one or a few different kinds of 
receptors. Because different chemicals trigger different combinations of sensory cells, 
however, you can distinguish well over 10,000 distinct odors. 
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One interesting thing about the sense of smell is that smells are sometimes linked to 
emotionally powerful memories. Have you ever had a smell bring back a memory? The 
part of the brain that processes smells is very close to two important parts of the brain: 
the hippocampus and the amygdala. The hippocampus is responsible for memory. The 
amygdala is involved with emotion. Using fMRI experiments, scientists have shown that 
smells can trigger memories and experiences in special ways. This is not the case for 
our other senses. 

Taste cells cluster in small bumps called taste buds. Taste buds are located on your 
tongue, on the insides of your cheeks, and on the roof of your mouth. Humans 
distinguish five basic tastes: sweet, salty, sour, bitter, and umami. Umami is the 
Japanese word for “delicious,” and it describes the flavor found in foods such as meat, 
mushrooms, cheese, and asparagus. Monosodium glutamate, or MSG, has a strong 
umami taste. It is interesting that, when you are hungry, your taste buds become more 
sensitive to salt and sugar, and this in turn makes food taste better. Hunger does not 
affect your ability to taste bitterness, which helps you identify toxic foods. In addition, 
your experience of food—what you think of as “taste”—comes partly from your sense of 
smell. This is why food doesn’t have nearly as much “taste” when you have a stuffy 
nose. 

Touch 

Your sense of touch is actually several different senses. These senses tell you about 
stimuli such as pressure, temperature, and pain. Your skin’s sensory cells for touch are 
shown in. Pressure causes the “hairs” on sensory cells to bend, opening ion channels 
and initiating action potentials. You have separate sensory cells for detecting light touch 
and heavy pressure. Temperature-sensing cells have ion channels that are affected by 
heat or cold. Some temperature sensors respond to heat, others to cold. The chemical 



menthol (found in peppermint) also stimulates cold receptors—it is this coincidence, not 
an actual cold temperature, that explains the cool feeling you get from eating a mint. 

Pain sensors respond to stimuli that damage the body. These sensory cells require 
strong stimulation before they respond. However, damaged tissues release chemicals 
called prostaglandins that increase the sensitivity of pain receptors. You might 
remember that aspirin provides pain relief by interfering with prostaglandin production. 
Pain sensors also become more sensitive with continued stimulation. This makes pain 
receptors different from most other sensory cells, which become less sensitive with 
repeated stimulation. (This is why you stop noticing the smells in your house or feeling 
the weight of your backpack as you walk.) Scientists believe that some types of chronic 
pain result from pain receptors that have become abnormally sensitive. 

Other Senses 

You have other senses in addition to the big five. Proprioceptors in your muscles, 
tendons, and joints tell you where different parts of your body are. You can try out this 
sense by closing your eyes and touching your nose with your finger. (You may be too 
used to this ability to be impressed, but consider the fact that you can’t easily touch 
another person’s nose with your eyes closed!) Finally, the vestibular senses tell you 
about body rotation and movement as well as which way is up. 



Have you noticed that humans have more “whites” in their eyes than other 
mammals? Scientists believe that humans evolved this trait because it allows one 
person to see where another person is looking. This is adaptive in a social species 
like ours, where people live closely and cooperatively with other people. 

Check Yourself 

Technology 

Adding to Your Senses 

Our five major senses contribute greatly to our perception of the world. But they detect 
only a small fraction of the kinds of stimuli around us. Can technology add to our 
sensory abilities?  Some older technologies already expand the kinds of stimuli our 
senses can detect. Night-vision goggles are sensitive to tiny amounts of light that our 
eyes normally cannot see. They also detect light in the infrared spectrum, which has 
wavelengths that are longer than those of visible light. Since hot objects give off more 
infrared light than cool ones, night-vision goggles provide people with a kind of “heat 
vision” that can detect animals, people, or other heat sources in the dark.  Night-vision 
goggles are easy to put on and take off, but other sensory technologies are more fully 



integrated into the body. For example, some people have tiny magnets implanted in 
their fingertips to help them detect magnetic fields. The magnets move when a magnetic 
field is encountered. One user reports being able to detect the magnetic fields around 
appliances such as microwaves. Others use them with devices that create magnetic 
fields in response to music or other sounds, which allows for a new way to experience 
sound. A magnetic sense may be of particular use in the military because landmines 
and other dangers produce magnetic fields. Another technology for sensing magnetism 
is the implantable compass, which helps with navigation. This compass is embedded 
under the skin. It is attached to a small protruding wire, which brushes the skin when the 
user faces north. 

Perhaps the most ambitious attempts to add to our sensory repertoire relate to 
echolocation, a sense found in bats, dolphins, and a few other animals. In echolocation, 
sounds are emitted, bounce off objects in the environment, and return to be sensed and 
interpreted. Bats famously use echolocation to fly through their environment at night and 
to locate insect prey in the air. To allow humans to echolocate, engineers have 
designed a device that sends out ultrasonic sound waves and then detects them when 
they bounce back. The device transmits information to implanted electrodes in the brain. 
The echolocation technology is already good enough to allow one researcher to walk 
around the lab with his eyes closed. 

 

19.4 The Nervous System 



10.Which structures make up the central nervous system? 
11.A typical neuron has dendrites, a cell body, and an axon. What is the 

function of each of these parts? 
12.What are the functions of sensory neurons, interneurons, and motor 

neurons? 
13.What kinds of functions are controlled by the somatic nervous system 

and the autonomic nervous system? 

19.5 Hormones 

Learning Objective 

Describe the structure and function of the human endocrine system. 

While the nervous system handles rapid actions and reactions, the hormones of the endocrine 
system regulate activities that take place over longer time periods. For example, hormones 
regulate your growth and development, prepare you for reproduction, determine how quickly 
you metabolize food, and tell you whether it is night or day. Hormones also play an important 
role in maintaining homeostasis in the body. So, what are hormones and how do they work? 

A hormone is a molecule that gives instructions to the body. Hormones are produced in one 
place in the body, released into the blood, and then received by target cells elsewhere in the 
body. Hormones come in two types. Protein hormones are, as their name suggests, proteins or 
modified amino acids. Steroid hormones are made from cholesterol. 

Protein hormones and steroid hormones work in different ways. Protein hormones bind to 
receptors on the cell membranes of their target cells. This binding starts a series of chemical 
reactions that result in the target cells’ response to the hormone. Steroid hormones cross the 
cell membrane and bind to receptors inside target cells—their receptors may be in a target cell’s 
cytoplasm or nucleus. The hormone-receptor complex then binds to DNA in the nucleus and 
directly affects gene transcription. 

Endocrine Organs and Their Hormones 
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The hypothalamus is a part of the brain; it is the endocrine system’s control center. 
Many of the hypothalamus’s hormones regulate the activity of another endocrine organ, 
the anterior pituitary. These hormones are released from the hypothalamus directly to 
the anterior pituitary, which is located just underneath the hypothalamus. The 
hypothalamus also makes hormones that are stored and released by the posterior 
pituitary (discussed below). 

The anterior pituitary is sometimes called the “master gland.” This is because many of 
its hormones regulate the activity of other endocrine organs. For example, anterior 
pituitary hormones tell the thyroid gland, sex organs, and adrenal glands to release their 
hormones. The anterior pituitary also makes growth hormone and prolactin. Growth 
hormone does what its name suggests—it promotes growth. Too little growth hormone 
results in dwarfism, and too much results in gigantism. Prolactin stimulates milk 
production in nursing mothers. 

The posterior pituitary stores and controls the release of hormones made by the 
hypothalamus. Antidiuretic hormone helps regulate the amount of water in the body. 
Specifically, it helps the body conserve water by instructing the kidneys to produce urine 
that is more concentrated. Alcohol inhibits the release of antidiuretic hormone. This is 
why people produce more urine—and sometimes become dehydrated—when they 
consume alcohol. Oxytocin stimulates contraction of the uterus during childbirth. 
Women whose labor does not progress, or who need to have labor induced, may be 
given pitocin, a synthetic form of oxytocin, to stimulate contractions. 

The thyroid gland makes thyroid hormones. Thyroid hormones are involved in 
metabolism, growth, and development. For example, thyroid hormones are necessary 
for proper brain development during childhood. Thyroid hormones contain iodine, and 
getting too little iodine can result in developmental problems. This is why iodine is 
added to many brands of table salt. The thyroid gland also makes calcitonin, which 
decreases calcium levels in the blood. 

The parathyroid glands, which lie next to the thyroid gland, make parathyroid hormone. 
Parathyroid hormone increases calcium levels in the blood. It does this in three ways: It 
causes calcium to be released from bones, increases calcium absorption in the 
intestine, and decreases calcium excretion in urine. Maintaining appropriate calcium 
levels in the blood is important for many reasons. For example, you will see later in this 
chapter that muscles require just the right amount of calcium to function properly. 



The adrenal glands, located above the kidneys, make epinephrine (also called 
adrenaline) and norepinephrine. Epinephrine and norepinephrine are involved in the 
“fight or flight” response. Signals from the sympathetic nervous system trigger the 
release of these hormones. The adrenal glands also produce glucocorticoids and 
mineralocorticoids. Glucocorticoids increase glucose levels in the blood; at certain 
times, your blood needs to deliver more glucose, the molecule that gives you energy, to 
your body’s cells. Mineralocorticoids help regulate water and salt levels in the body. 

The pancreas makes insulin and glucagon. These hormones regulate the amount of 
glucose in the blood. Insulin decreases blood glucose levels in two ways: It tells body 
cells to take in glucose, and it tells the liver to convert glucose into the storage 
substance glycogen. Glucagon increases blood glucose levels. Glucagon tells the liver 
to break down glycogen and release glucose. The control of blood glucose levels is an 
example of negative feedback and homeostasis: High blood glucose levels cause 
insulin to be released, and insulin causes blood glucose to decrease back to normal. 
Low blood glucose levels cause glucagon to be released, and glucagon causes blood 
glucose to increase back to normal. 

Unifying Concept 

The disease diabetes results when the pancreas doesn’t make enough insulin or when 
the body’s cells do not respond to insulin. In either case, blood glucose levels become 
abnormally high. Symptoms of diabetes include thirst, fatigue, weight loss, blurred 
vision, and nerve damage in the hands and feet. People who have diabetes have to 
control their diets and monitor their blood glucose levels. Some require regular 
injections of insulin. 

The sex organs—ovaries in women and testes in men—make sex hormones. Both 
women and men make all three types of sex hormones: estrogens, progestins, and 
androgens. Women make more estrogens and progestins. These hormones regulate 
ovulation and the menstrual cycle and are involved in pregnancy. Estrogen also 
promotes breast development and fat storage in the hips and thighs. Men produce more 
androgens. Androgens such as testosterone are required for sperm production. 
Androgens also promote the development of male secondary sexual characteristics 
such as facial hair and increased muscle mass. It is this last effect of androgens that 
tempts some athletes to use anabolic steroids—synthetic versions of testosterone—to 
improve athletic performance. Unfortunately, steroids also have many negative side 



effects. They can cause aggressive behavior, mood swings, and irritability. In men, 
steroids also cause shrinking of the testicles, decreased sperm count, baldness, and 
breast development. In women, steroids disrupt the menstrual cycle, deepen the voice, 
and promote the growth of facial hair. In adolescents, steroids stunt growth and 
accelerate puberty. 

19.5 Hormones 

14.What are the two types of hormones? How does each type of hormone 
produce an effect in a target cell? 

15.Why is the anterior pituitary sometimes called the “master gland”? 
16.What hormone made by the hypothalamus helps regulate the amount of 

water in the body? What is its effect? 
17.Which endocrine organ produces the hormones associated with the 

“fight or flight” response? 

19.6 Reproduction and Development 

Learning Objective 

Describe the key events in human reproduction and development. 

Where do babies come from? Without reproduction, humans—or any other 
species—would quickly go extinct. 

Human Reproduction 

Human reproduction begins with the production of gametes, or sex cells—eggs in 
women and sperm in men. Eggs and sperm are produced through meiosis. They are 
haploid cells with only half the usual number of chromosomes. At fertilization, egg and 
sperm join to form a diploid cell that develops into a new human being. Let’s start by 
looking at the female and male reproductive systems. 
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In females, eggs are made in the ovaries. Each ovary is made up of many follicles, 
which are developing eggs surrounded by support cells. During each menstrual cycle, a 
single follicle matures and releases an egg in a process called ovulation. The egg is a 
large cell, with lots of nutrients stored in its cytoplasm. Eggs are large because they are 
the result of unequal meiosis: During cell division, the future egg receives almost all the 
cytoplasm, while the other cells (which quickly degenerate) receive very little cytoplasm. 
After ovulation, the egg enters the oviduct, where cilia sweep it toward the uterus. 
Fertilization typically takes place while the egg is still in the oviduct. The fertilized egg 
then continues to the uterus, where it implants and continues development. 

In males, sperm are made in the testes, which are located in the scrotum. The scrotum 
hangs away from the body to keep the testes at a temperature lower than body 
temperature. This is essential for sperm production. From the testes, sperm enter the 
epididymis, where they complete development and become mobile. Each mature sperm 
cell has a head that contains DNA, mitochondria, and enzymes for penetrating the egg. 
Sperm also have a tail for swimming. During sexual intercourse, sperm travel along the 
vas deferens to the urethra, a tube inside the penis. Sperm are ejaculated from the 
urethra in semen. In addition to sperm, semen contains fluids from the seminal vesicles 
and prostate gland that nourish sperm and protect them from the acidic environment of 
the vagina. There are about half a billion sperm in each ejaculate. 

If a man is trying to father a child, he should think about wearing boxers rather than 
briefs. It’s not just superstition: Briefs can hold the scrotum too close to the body 
and make the testes too warm for sperm production. 

After sexual intercourse, sperm swim up the oviduct to the egg . The egg is covered by 
a jellylike layer called the zona pellucida. Enzymes released from the heads of many 
sperm eat away at this cover. A single sperm finally reaches the egg’s cell membrane, 
and the cell membranes of egg and sperm fuse. At this point, the zona pellucida 
undergoes changes that make it impenetrable to additional sperm, assuring that the 
fertilized egg doesn’t end up with too many chromosomes. 

Human Development 

After fertilization, the egg begins to divide through mitosis. By the time implantation 
occurs in the uterus, about 6 days after fertilization, the developing egg has become a 
hollow ball of cells called a blastocyst. Part of the blastocyst forms the embryo, the 
future baby. The rest of the blastocyst forms structures that protect and nourish the 
embryo, such as the amnion and the embryonic portion of the placenta. The amnion is a 
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membrane that surrounds the embryo. It is filled with amniotic fluid, a liquid that 
cushions and protects the developing embryo. The amnion is what ruptures when a 
pregnant woman’s “water breaks” during labor. The placenta provides oxygen and 
nutrients to the developing embryo and carries away wastes. The placenta consists of 
both embryonic and maternal tissues. Maternal blood and embryonic blood do not come 
into direct contact in the placenta; however, they are close enough to allow for the 
exchange of nutrients and wastes. The placenta also produces estrogen and 
progesterone (a progestin). These hormones prevent further ovulation and maintain the 
uterus in its nurturing condition throughout pregnancy. 

The 9 months of pregnancy are divided into three 3-month trimesters. During the first 
trimester, all of the embryo’s major organs and body parts develop. Further 
development, as well as most of the fetus’s growth, occurs in the second and third 
trimesters.  

19.6 Reproduction and Development 

18.What is unusual about the process of meiosis that produces the egg? 
19.How do sperm get past the zona pellucida that surrounds the egg? 
20.What is the function of the placenta? 
21.When during pregnancy do an embryo’s major organs and body parts 

develop? 
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