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Homeostasis

Overview

The human organism consists of trillions of cells all working together for the maintenance of the entire organism.
While cells may perform very different functions, all the cells are quite similar in their metabolic requirements.
Maintaining a constant internal environment with all that the cells need to survive (oxygen, glucose, mineral ions,
waste removal, and so forth) is necessary for the well-being of individual cells and the well-being of the entire body.
The varied processes by which the body regulates its internal environment are collectively referred to as homeostasis.

What is Homeostasis?

Homeostasis in a general sense refers to stability or balance in a system. It is the body's attempt to maintain a constant
internal environment. Maintaining a stable internal environment requires constant monitoring and adjustments as
conditions change. This adjusting of physiological systems within the body is called homeostatic regulation.

Homeostatic regulation involves three parts or mechanisms: 1) the receptor, 2) the control center and 3) the effector.

The receptor receives information that something in the environment is changing. The control center or integration
center receives and processes information from the receptor. And lastly, the effector responds to the commands of the
control center by either opposing or enhancing the stimulus. This is an ongoing process that continually works to
restore and maintain homeostasis. For example, in regulating body temperature there are temperature receptors in the
skin, which communicate information to the brain, which is the control center, and the effector is our blood vessels
and sweat glands in our skin.

Because the internal and external environments of the body are constantly changing and adjustments must be made
continuously to stay at or near the set point, homeostasis can be thought of as a synthetic equilibrium.

Since homeostasis is an attempt to maintain the internal conditions of an environment by limiting fluctuations, it must
involve a series of negative feedback loops.

Positive and Negative Feedback
When a change of variable occurs, there are two main types of feedback to which the system reacts:

= Negative feedback: a reaction in which the system responds in such a way as to reverse the
direction of change. Since this tends to keep things constant, it allows the maintenance of
homeostasis. For instance, when the concentration of carbon dioxide in the human body increases,
the lungs are signaled to increase their activity and expel more carbon dioxide. Thermoregulation is
another example of negative feedback. When body temperature rises, receptors in the skin and the
hypothalamus sense a change, triggering a command from the brain. This command, in turn, effects
the correct response, in this case a decrease in body temperature.

Home Heating System Vs. Negative Feedback



When you are at home, you set your thermostat to a desired temperature. Let's say today you
setitat 70 degrees. The thermometer in the thermostat waits to sense a temperature change
either too high above or too far below the 70 degree set point. When this change happens the
thermometer will send a message to to the "Control Center", or thermostat,which in turn will
then send a message to the furnace to either shut off if the temperature is too high or kick back
on if the temperature is too low. In the home-heating example the air temperature is the
"NEGATIVE FEEDBACK." When the Control Center receives negative feedback it triggers a
chain reaction in order to maintain room temperature.

= Positive feedback: a response is to amplify the change in the variable. This has a destabilizing
effect, so does not result in homeostasis. Positive feedback is less common in naturally occurring
systems than negative feedback, but it has its applications. For example, in nerves, a threshold
electric potential triggers the generation of a much larger action potential. Blood clotting in which the
platelets process mechanisms to transform blood liquid to solidify is an example of positive feedback
loop. Another example is the secretion of oxytocin which provides a pathway for the uterus to contract,
leading to child birth.

Harmful Positive Feedback

Although Positive Feedback is needed within Homeostasis it also can be harmful at times.
When you have a high fever it causes a metabolic change that can push the fever higher and
higher. In rare occurrences the body temperature reaches 113 degrees Fahrenheit/ 45
degrees Celsius and the cellular proteins stop working and the metabolism stops, resulting in
death.

Summary: Sustainable systems require combinations of both kinds of feedback. Generally with the recognition of
divergence from the homeostatic condition, positive feedbacks are called into play, whereas once the homeostatic
condition is approached, negative feedback is used for "fine tuning" responses. This creates a situation of
"metastability," in which homeostatic conditions are maintained within fixed limits, but once these limits are exceeded,
the system can shift wildly to a wholly new (and possibly less desirable) situation of homeostasis.

Homeostatic systems have several properties

= They are ultra-stable, meaning the system is capable of testing which way its variables should be
adjusted.

= Their whole organization (internal, structural, and functional) contributes to the maintenance of
balance.

= Physiology is largely a study of processes related to homeostasis. Some of the functions you will
learn about in this book are not specifically about homeostasis (e.g. how muscles contract), butin
order for all bodily processes to function there must be a suitable internal environment. Homeostasis
is, therefore, a fitting framework for the introductory study of physiology.

Where did the term "Homeostasis" come from?

The concept of homeostasis was first articulated by the French scientist Claude Bernard (1813-1878) in his studies of
the maintenance of stability in the "milieu interior." He said, "All the vital mechanisms, varied as they are, have only
one object, that of preserving constant the conditions of life in the internal environment" (from Lecons sur les
Phénonemes de la Vie Commune aux Animaux et aux Végétaux, 1879). The term itself was coined by American
physiologist Walter Cannon, author of The Wisdom of the Body (1932). The word comes from the Greek homoios
(same, like, resembling) and stasis (to stand, posture).

Cruise Control on a car as a simple metaphor for homeostasis

When a car is put on cruise control it has a set speed limit that it will travel. At times this speed may vary by a few
miles per hour but in general the system will maintain the set speed. If the car starts to go up a hill, the systems will
automatically increase the amount of fuel given to maintain the set speed. If the car starts to come down a hill, the car
will automatically decrease the amount of fuel given in order to maintain the set speed. It is the same with



homeostasis- the body has a set limit on each environment. If one of these limits increases or decreases, the body will
sense and automatically try to fix the problem in order to maintain the pre-set limits. This is a simple metaphor of how
the body operates—constant monitoring of levels, and automatic small adjustments when those levels fall below (or
rise above) a set point.

Pathways That Alter Homeostasis

A variety of homeostatic mechanisms maintain the internal environment within tolerable limits. Either homeostasis is
maintained through a series of control mechanisms, or the body suffers various illnesses or disease. When the cells in
the body begin to malfunction, the homeostatic balance becomes disrupted. Eventually this leads to disease or cell
malfunction. Disease and cellular malfunction can be caused in two basic ways: either, deficiency (cells not getting all
they need) or toxicity (cells being poisoned by things they do not need). When homeostasis is interrupted in your cells,
there are pathways to correct or worsen the problem. In addition to the internal control mechanisms, there are external
influences based primarily on lifestyle choices and environmental exposures that influence our body's ability to
maintain cellular health.

= Nutrition: If your diet is lacking in a specific vitamin or mineral your cells will function poorly, possibly
resulting in a disease condition. For example, a menstruating woman with inadequate dietary intake
of iron will become anemic. Lack of hemoglobin, a molecule that requires iron, will result in reduced
oxygen-carrying capacity. In mild cases symptoms may be vague (e.g. fatigue), but if the anemia
(British English: anaemia) is severe the body will try to compensate by increasing cardiac output,
leading to palpitations and sweatiness, and possibly to heart failure.

= Toxins: Any substance that interferes with cellular function, causing cellular malfunction. This is done
through a variety of ways; chemical, plant, insecticides, and/or bites. A commonly seen example of
this is drug overdoses. When a person takes too much of a drug their vital signs begin to waver; either
increasing or decreasing, these vital signs can cause problems including coma, brain damage and
even death.

= Psychological: Your physical health and mental health are inseparable. Our thoughts and emotions
cause chemical changes to take place either for better as with meditation, or worse as with stress.

= Physical: Physical maintenance is essential for our cells and bodies. Adequate rest, sunlight, and
exercise are examples of physical mechanisms for influencing homeostasis. Lack of sleep is related
to a number of ailments such as irregular cardiac rhythms, fatigue, anxiety and headaches.

= Genetic/lReproductive: Inheriting strengths and weaknesses is part of our genetic makeup. Genes
are sometimes turned off or on due to external factors which we can have some control over, but at
other times little can be done to correct or improve genetic diseases. Beginning at the cellular level a
variety of diseases come from mutated genes. For example, cancer can be genetically inherited or
can be caused due to a mutation from an external source such as radiation or genes altered in a fetus
when the mother uses drugs.

= Medical: Because of genetic differences some bodies need help in gaining or maintaining
homeostasis. Through modern medicine our bodies can be given different aids, from anti-bodies to
help fight infections, or chemotherapy to kill harmful cancer cells. Traditional and alternative medical
practices have many benefits, but like any medical practice the potential for harmful effects is present.
Whether by nosocomial infections, or wrong dosage of medication, homeostasis can be altered by
that which is trying to fix it. Trial and error with medications can cause potential harmful reactions and
possibly death if not caught soon enough.

The factors listed above all have their effects at the cellular level, whether harmful or beneficial. Inadequate beneficial
pathways (deficiency) will almost always result in a harmful waver in homeostasis. Too much toxicity also causes
homeostatic imbalance, resulting in cellular malfunction. By removing negative health influences, and providing
adequate positive health influences, your body is better able to self-regulate and self-repair, thus maintaining
homeostasis.

Homeostasis Throughout the Body




Each body system contributes to the homeostasis of other systems and of the entire organism. No system of the body
works in isolation, and the well-being of the person depends upon the well-being of all the interacting body systems.
A disruption within one system generally has consequences for several additional body systems. Here are some brief
explanations of how various body systems contribute to the maintenance of homeostasis:

Nervous System

Since the nervous system does not store nutrients, it must receive a continuous supply from blood. Any interruption to
the flow of blood may bring brain damage or death. The nervous system maintains homeostasis by controlling and
regulating the other parts of the body. A deviation from a normal set point acts as a stimulus to a receptor, which sends
nerve impulses to a regulating center in the brain. The brain directs an effector to act in such a way that an adaptive
response takes place. If, for example, the deviation was a lowering of body temperature, the effector acts to increase
body temperature. The adaptive response returns the body to a state of normalcy and the receptor, the regulating
center, and the effector temporarily cease their activities. Since the effector is regulated by the very conditions it
produced, this process is called control by negative feedback. This manner of regulating normalcy results in a
fluctuation between two extreme levels. Not until body temperature drops below normal do receptors stimulate the
regulating center and effectors act to raise body temperature. Regulating centers are located in the central nervous
system, consisting of the brain and spinal cord. The hypothalamus is a portion of the brain particularly concerned with
homeostasis; it influences the action of the medulla oblongata, a lower part of the brain, the autonomic nervous
system, and the pituitary gland.

The nervous system has two major portions: the central nervous system and the peripheral nervous system. The
peripheral nervous system consists of the cranial and spinal nerves. The autonomic nervous system is a part of
peripheral nervous system and contains motor neurons that control internal organs. It operates at the subconscious
level and has two divisions, the sympathetic and parasympathetic systems. In general, the sympathetic system brings
about those results we associate with emergency situations, often called fight or flight reactions, and the
parasympathetic system produces those effects necessary to our everyday existence.

Endocrine System

The endocrine system consists of glands which secrete hormones into the bloodstream. Each hormone has an effect on
one or more target tissues. In this way the endocrine system regulates the metabolism and development of most body
cells and body systems. To be more specific, the Endocrine system has sex hormones that can activate sebaceous
glands, development of mammary glands, alter dermal blood flow and release lipids from adipocytes. MSH can
stimulate melanocytes on our skin. Our bone growth is regulated by several hormones, and the endocrine system helps
with the mobilization of calcitonin and calcium. In the muscular system, hormones adjust muscle metabolism, energy
production, and growth. In the nervous system, hormones affect neural metabolism, regulate fluid/electrolyte balance
and help with reproductive hormones that influence CNS development and behaviors. In the Cardiovascular system,
we need hormones that regulate the production of RBC's (red blood cells), which elevate and lower blood pressure.
Hormones also have anti-inflammatory effects and stimulate the lymphatic system. In summary, the endocrine system
has a regulatory effect on basically every other body system.

Integumentary System

The integumentary system (the skin) is involved in protecting the body from invading microbes (mainly by forming a
thick impenetrable layer), regulating body temperature through sweating and vasodilation/vasoconstriction, or
shivering and piloerection (goose bumps), and regulating ion balances in the blood. Stimulation of mast cells also
produce changes in blood flow and capillary permeability which can effect the blood flow in the body and how it is
regulated. It also helps synthesize vitamin D which interacts with calcium and phosphorus absorption needed for bone
growth, maintenance, and repair. Hair on the skin guards entrance into the nasal cavity or other orifices, preventing
invaders from getting further into our bodies. Our skin also helps maintain balance by excretion of water and other
solutes (i.e.) the keratinized epidermis limits fluid loss through skin. It also provides mechanical protection against
environmental hazards. We need to remember that our skin is integumentaryj; it is our first line of defense.



Skeletal System

As the structural framework for the human body, the skeletal system consists mainly of the 206 or so bones of the
skeletal system but also includes cartilages, ligaments, and other connective tissues that stabilize and interconnect
them. Bones work in conjunction with the muscular system to aid in posture and locomotion. Many bones of the
skeleton function as levers, which change the magnitude and direction of forces generated by skeletal muscle.
Protection is a pivotal role occupied by the skeletal system, as many vital organs are encased within the skeletal
cavities (e.g. cranial and spinal), and bones form much of the structural basis for other body cavities (ex: thoracic and
pelvic cavities). The skeletal system also serves as an important mineral reserve. For example, if blood levels of
calcium or magnesium are low and the minerals are not available in the diet, they will be taken from the bones. Also,
the skeletal system provides calcium needed for all muscular contraction. Finally, red blood cells, lymphocytes and
other cells relating to the immune response are produced and stored in the bone marrow.

Muscular System

The muscular system is one of the most versatile systems in the body. The muscular system contains the heart, which
constantly pumps blood through the body. The muscular system is also responsible for involuntary (e.g. goose bumps,
digestion, breathing) and voluntary (e.g. walking, picking up objects) actions. Muscles also help protect organs in the
body's cavities. The muscles in your body contract, which increases your body heat when you're cold. The act of
shivering occurs when the internal temperature drops. Muscles around vital organs contract, breaking down ATP and
thereby expanding heat, which is then distributed to the rest of the body.

Cardiovascular System

The cardiovascular system, in addition to needing to maintain itself within certain levels, plays a role in maintenance
of other body systems by transporting hormones (heart secretes Atrial Natriuretic Peptide and Brain Natriuretic
Peptide, or ANP and BNP, respectively) and nutrients (oxygen, EPO to bones,etc.), taking away waste products, and
providing all living body cells with a fresh supply of oxygen and removing carbon dioxide. Homeostasis is disturbed
if the cardiovascular or lymphatic systems are not functioning correctly. Our skin, bones, muscles, lungs, digestive
tract, and nervous, endocrine, lymphatic, urinary and reproductive systems use the cardiovascular system as its "road"
or "highway" as far as distribution of things such as nutrients, oxygen, waste products, hormones, drugs, etc. There
are many risk factors for an unhealthy cardiovascular system. Some diseases associated are typically labeled
"uncontrollable" or "controllable." The main uncontrollable risk factors are age, gender, and a family history of heart
disease, especially at an early age.

The cardiovascular system also contains sensors to monitor blood pressure, called baroreceptors, that work by
detecting how stretched a blood vessel is. This information is relayed to the Medulla Oblongata in the brain where
action is taken to raise or lower blood pressure via the autonomic nervous system.

Lymphatic System

The lymphatic system has three principal roles. First is the maintenance of blood and tissue volume. Excess fluid that
leaves the capillaries when under pressure would build up and cause edema. Secondly, the lymphatic system absorbs
fatty acids and triglycerides from fat digestion so that these components of digestion do not enter directly into the
blood stream. Third, the lymphatic system is involved in defending the body against invading microbes, and the
immune response. This system assists in maintenance, such as bone and muscle repair after injuries. Another defense
is maintaining the acidic pH of urine to fight infections in the urinary system. The tonsils are our bodies "helpers" to
defend us against infections and toxins absorbed from the digestive tract. The tonsils also protect against infections
entering into our lungs.

Respiratory System



The respiratory system works in conjunction with the cardiovascular system to provide oxygen to cells within every
body system for cellular metabolism. The respiratory system also removes carbon dioxide. Since CO2 is mainly
transported in the plasma as bicarbonate ions, which act as a chemical buffer, the respiratory system also helps
maintain proper blood pH levels, a fact that is very important for homeostasis. As a result of hyperventilation, CO2 is
decreased in blood levels. This causes the pH of body fluids to increase. If acid levels rise above 7.45, the result is
respiratory alkalosis. On the other hand, too much CO2 causes pH to fall below 7.35 which results in respiratory
acidosis. The respiratory system also helps the lymphatic system by trapping pathogens and protecting deeper tissues
within. Note that when you have increased thoracic space it can provide abdominal pressure through the contraction
of respiratory muscles. This can assist in defecation.

The organs of the respiratory system include the nose, pharynx, larynx, trachea, bronchi and lungs. Together these
organs permit the movement of air into the tiny, thin walled sacs of the lungs called alveoli. It is in the alveoli that
oxygen from the air is exchanged for the waste product carbon dioxide, which is carried to lungs by the blood so that
it can be eliminated from the body.

Digestive System

Without a regular supply of energy and nutrients from the digestive system, all body systems would soon suffer. The
digestive system absorbs organic substances, vitamins, ions, and water that are needed all over the body. In the skin,
the digestive tract provides lipids for storage in the subcutaneous layer. Note that food undergoes three types of
processes in the body: digestion, absorption, and elimination. If one of these is not working, you will have problems
that will be extremely noticeable. Mechanics of digestion can include chemical digestion, movements, ingestion
absorption, and elimination. In order to maintain a healthy and efficient digestive system, we have to remember the
components involved. If these are disturbed, digestive health may be compromised.

Urinary System

Toxic nitrogenous wastes accumulate as proteins and nucleic acids are broken down and used for other purposes. The
urinary system rids the body of these wastes. The urinary system is also directly involved in maintaining proper blood
volume (and indirectly blood pressure) and ion concentration within the blood. One other contribution is that the
kidneys produce a hormone (erythropoietin) that stimulates red blood cell production. The kidneys also play an
important role in maintaining the correct water content of the body and the correct salt composition of extracellular
fluid. External changes that lead to excess fluid loss trigger feedback mechanisms that act to inhibit fluid loss.

Reproductive System

The Reproductive System is unique in that it does little to contribute to the homeostasis of the organism. Rather than
being tied to the maintenance of the organism, the reproductive system relates to the maintenance of the species.
Having said that, the sex hormones do have an effect on other body systems, and an imbalance can lead to various
disorders (e.g. a woman whose ovaries are removed early in life is at much higher risk of osteoporosis).

Excretory System

Excretory System is responsible for removing wastes, excess water and salt in the urine. Regulates the volume and pH
of the internal environment. The human excretory system maintains homeostasis by removing metabolic waste such as
water, salt and metabolite concentrations in the blood. The kidneys, which are the primary excretory organs, are major
organs of homeostasis because they excrete nitrogenous wastes, and regulate water-salt balance and acid base balance.
This section will examine the kidney in details.

Thermoregulation




The living bodies have been characterized with a number of automated processes, which make them self-sustainable
in the natural environment. Among these many processes are that of reproduction, adjustment with external
environment, and instinct to live, which are gifted by nature to living beings.

The survival of living beings greatly depends on their capability to maintain a stable body temperature irrespective of
temperature of surrounding environment. This capability of maintaining body temperature is called thermoregulation.
Cold blooded animals, such as reptiles, have somewhat different means of temperature regulation than warm blooded
(or homeothermic) animals, such as humans and other mammals. This section is most relevant when considering
warm blooded organisms.

Body temperature depends on the heat produced minus the heat lost. Heat is lost by radiation, convection, and
conduction, but the net loss by all three processes depends on a gradient between the body and the outside. Thus,
when the external temperature is low, radiation is the most important form of heat loss. When there is a high external
temperature, evaporation is the most important form of heat loss. The balance of heat produced and heat lost maintains
a constant body temperature. However, temperature does vary during the day, and this set point is controlled by the
hypothalamus.

Body temperature is usually about 37.4°C, but does vary during the day by about 0.8°C. The lowest daily temperature
is when the person is asleep. Temperature receptors are found in the skin, the great veins, the abdominal organs and
the hypothalamus. While the ones in the skin provide the sensation of coldness, the hypothalamic (central core)
temperature receptors are the most important. The core body temperature is usually about 0.7-1.0°C higher than
axillary or oral temperature.

When body temperature drops due to external cold, an important component of protection is vaso-constriction of skin
and limb blood vessels. This drops the surface temperature, providing an insulating layer (such as the fat cell layer)
between the core temperature and the external environment. Likewise, if the temperature rises, blood flow to the skin
increases, maximizing the potential for loss by radiation and evaporation. Thus, if you dilated the skin blood vessels
by alcohol ingestion this might give a nice warm glow, but it would increase heat loss (if the external temperature was
still low). The major adjustments in cold are to shiver to increase heat production, and constrict blood vessels in the
periphery and skin. This helps to minimize heat loss through the skin, and directs blood to the vital internal organs.

Besides the daily variation in body temperature, there are other cyclic variations. In women, body temperature falls
prior to ovulation and rises by about 1°C at ovulation, largely due to progesterone increasing the set point. Thyroid
hormone and pyrogens also increase the set point. The basal metabolic rate (BMR) is about 30 calories/sq m/h. It is
higher in children than in adults, partly as a result of different surface area to body mass ratio. Due to this relationship,
young children are more likely to drop their temperature rapidly; there is greater temperature variation in children than
in adults. It is increased by thyroid hormone and decreased by thyroid hormone lack. Different foods can affect BMR
and the Respiratory Quotient of foods differ. Carbohydrate 1.0; Protein = 1.0; Fats = 0.7

Body Composition

Extracellular Fluid Cellular Fluid

\Volume plasma — 3 litres 30 litres

interstitial — 10 litres

Osmolality (mOsm) 290 290

Na * (mmol/l) 140 15




Ca 2* (mmolll) 2.2 <106
CI ™ (mmolfl) 110 10
HCO3 ™~ (mmol/l) 30 10

K * (mmol/l) 4 150
Mg 2* (mmol/) 15 15
PO, 3" (mmol/l) 2 40

pH 7.4 7.1
Potential Difference (mV) -70

Blood pressure is expressed as two different numbers. The first number is called the "systolic" blood pressure, and the
second is the "diastolic" blood pressure. Systolic blood pressure is the pressure at the time of the cardiac cycle when
the heart contracts, forcing blood out(called systole). This is the time of greatest pressure. The Diastolic number comes
from the time in the cardiac cycle when pressure is at its lowest, while the heart is refilling with blood. This phase is
called Diastole. The blood pressure in large arteries is about 120/80 mmHg. By the time this comes to the capillaries it
has partly lost its pulsatile nature and has a pressure of about 35 mmHg. The pressure falls rapidly along the capillary
to 15 mmHg at the venous end. This hydrostatic pressure tends to force fluid out of the capillary into the interstitium
(the fluid between cells) but balance is maintained by the colloid osmotic pressure (due to protein, principally albumin)
of 26 mmHg. Net water movement is small (about 2%) and thus colloid osmotic pressure is the same at the arterial and
venous end of the capillary.

At the arterial end of the capillary there is a net outward force of about 11 mmHg while at the venous end the net
inward force is about 9 mmHg (ie. -9). There is an imbalance between water movement out and movement back in
which leads to an imbalance of about 3 litres/day, which is removed as lymph. There is some albumin in the interstitial
tissue and it varies in different organs but the concentration may be up to 10 or 20% of plasma. This gives an
interstitial oncotic pressure which causes movement of fluid into the interstitium. However the bulk movement of
water is not the way nutrients get to cells. Nutrients diffuse down their concentration gradient as the capillary is very
permeable to all small molecules.

The extracellular volume is approximately thirteen litres in a seventy kg person. Ten litres are in the interstitial space
and three litres in plasma. The capillaries are the interface between the two compartments and are permeable to most
substances with a molecular weight less than 20,000. Thus nutrients can readily diffuse across the wall and go from
blood to cell. Despite the high permeability of the capillary water is maintained inside due to the oncotic pressure and
only about 2% of the plasma flowing through the capillary moves across the wall.

The blood volume is about 5 litres of which about 3 litres are plasma and about 2 litres red blood cells. The red blood
cell volume (haematocrit) is about 43% and the relationship between plasma and blood volume and haematocrit is
Blood Volume = Plasma Volume 100/(100 - Ht). Most of the blood is usually in the veins (70%).

Capillaries differ in their permeability throughout the body. Brain capillaries are relatively impermeable due to tight
junctions between endothelial cells lining the blood vessels. This is known as the blood brain barrier, or BBB, and
helps prevent toxins from entering the brain.



In order of less permeability:
Brain < Muscle < Glomerulus < Liver sinusoids.

The capillaries, while having a large surface area, only contain about 7% of the blood volume. The arteries and
arterioles contain about 15%. Most of the blood is in the veins.

Body Fluid Distribution

The cell membrane is a bilipid layer that is permeable to water and lipid soluble particles. However, it is impermeable
to charged particles. It is the osmolality controlling factor. Osmolality in the cell and interstitial fluid are the same but
the anionic and cationic compositions differ. Made of albumin, the capillary membrane is permeable to everything
except proteins. The membranes in different tissues differ. There are fenestrae (or pores) to promote better flow of
fluids. Particles weighing over 40,000 have low permeability. It is the oncotic pressure controlling factor. Capillaries in
the brain are relatively impermeable while capillaries in liver sinusoids and glomeruli are extremely permeable.

Water (litres) Sodium (mmol) Potassium (mmol)

Total 43 3700 4000
Intracellular 30 400
Bone - 1500 300
Extracellular 13 1820 52

Plasma 3 420 12

Interstitial 10 1400 40
Usual Intake 15 180 70

Range 0.7-5 5-400 50-400

Dehydration and Volume Depletion

Plasma osmolality is about 290 mosmol/l contributed mainly by sodium (140 mmol/l) and it's accompanying anions.
In dehydration water is lost from the body. The rise in osmolality that occurs in the plasma (also sodium rises) causes
water to initially move out of the cells along the osmotic gradient. Thus cell volume is initially reduced but cell
homeostatic processes subsequently return it towards normal by taking up solute.

In dehydration water is removed from the plasma and thus haematocrit and albumin which have not been lost will
have a higher concentration. In volume depletion water and electrolytes are both lost and thus there will be little effect
on either sodium concentration or osmolality. As osmolality is not altered there will be no force to pull water out of the
cells and cell volume is not affected.



In volume depletion due to blood loss the haematocrit acutely is the same but the resultant fall in blood pressure causes
fluid to come out of the interstitium into the vascular compartment and albumin and haematocrit both decrease. When
there is volume depletion due to electrolyte and water loss by vomiting or diarrhoea there will be little or no effect on
plasma osmolality or sodium concentration. However there will be a small increase in haematocrit and plasma albumin
because the volume is lost from the extracellular space and as blood cells and albumin are not lost this increases the
concentration.

In volume depletion forces are activated that retain sodium and water in the body. The sodium retention works to a
major extent by the renin-angiotensin-aldosterone system which is activated by a fall in blood pressure caused by
volume depletion. In dehydration, the high osmolality activates ADH secretion which causes water retention. As there
is also volume depletion, this activates the renin-angiotensin-aldosterone system which causes sodium to be retained.
This retention would tend to cause a rise in sodium concentration which is already high but the water retention would
correct this. There is no effective receptor that monitors and controls Na concentration by altering sodium excretion.
Sodium retaining hormones are predominantly regulated by the volume and blood pressure. Initially in blood loss the
haematocrit is not altered but falls as fluid comes in from the interstitial space.

Water Balance

Vasopressin, also called Antidiuretic Hormone (ADH), is the principal compound controlling water balance by
decreasing water output by the kidney, and thus decreased urination. It perceives the need by monitoring plasma
osmolality and if this is high, vasopressin is secreted. Vasopressin is formed in the hypothalamus and travels down
axons to the posterior pituitary where it is stored.

Plasma osmolality is the usual factor regulating vasopressin release but other factors alter the release. Pain and emotion
release vasopressin together with the other posterior pituitary hormone oxytocin. Alcohol inhibits the release of
vasopressin and thus causes a diuresis. A low plasma volume also releases vasopressin which in high concentration
can cause vasoconstriction. These different factors can overcome the usual physiological control of osmolality.

Osmoreceptors in the hypothalamus monitor the plasma osmolality and send a signal down the axon that releases
vasopressin from the posterior pituitary gland. Vasopressin travels by the blood to the kidney and binds to a receptor
on the basolateral membrane and by a series of cellular events alters the permeability of the luminal membrane to
water, thereby increasing the water permeability of the collecting duct and due to osmotic gradients created in the
kidney causes water to be retained by the body (ie. an antidiuresis) which provides the other name for vasopressin of
antidiuretic hormone.

Vasopressin released by the pituitary binds to a receptor on the basolateral membrane and activates adenyl cyclase
which increases cyclic AMP levels in the kidney. This by a series of reactions, some of which involve calcium, cause
microfilaments to contract and insert preformed water channels (aquaporins) into the luminal membrane increasing
water permeability.

A high plasma osmolality is the important physiological stimulus causing vasopressin release. Urea in plasma in a
normal person only has a concentration of 6 mmol/l and thus contributes to only a small part of plasma osmolality.
Even if plasma urea is elevated to 30 mmol/l it would not have a significant effect on vasopressin release as
membranes (including those of the osmoreceptor cells) are permeable to urea. If there is excessive ADH water is
retained and the osmolality and sodium concentration would fall (hyponatraemia). If there is no ADH water is lost and
osmolality and sodium concentration would rise (hypernatraemia). While ADH is released if the plasma volume falls
the most important factor to restore volume is retention of sodium by the renin-angiotensin-aldosterone and other salt
retaining systems.

Sodium Balance

Amount Concentration

Amount in body 3700 mmol



Intracellular 400 mmol 15 mmol/l

Extracellular 1800 mmol 140 mmol/l
Plasma 420 mmol 140 mmol/l
Interstitial 1400 mmol 140 mmol/l
Bone 1500 mmol

Amount in diet

Hunter Gatherer 20 mmol/day

Western 180 mmol/day
Japanese 300 mmol/day
Obligatory Need <5 mmol/day

Sodium is an important cation distributed primarily outside the cell. The cell sodium concentration is about 15 mmol/l
but varies in different organs and with an intracellular volume of 30 litres about 400 mmol are inside the cell. The
plasma and interstitial sodium is about 140 mmol/l with an extracellular volume of about 13 litres, 1800 mmol are in
the extracellular space. The total body sodium, however, is about 3700 mmol as there is about 1500 mmol stored in
bones.

The usual sodium intake of an Australian diet is about 180 mmol/d but varies widely (50-400 mmol/day) depending
on habit and cultural influences. The body has potent sodium retaining mechanisms and even if a person is on 5 mmol
Na+/day they can maintain sodium balance. Extra sodium is lost from the body by reducing the activity of the renin
angiotensin aldosterone system which leads to increased sodium loss from the body. Sodium is lost through the
kidney, sweat and faeces. In states of sodium depletion aldosterone levels increase and in states of sodium excess
aldosterone levels decrease. The major physiological controller of aldosterone secretion is the plasma angiotensin II
level which increases aldosterone secretion. A high plasma potassium also increases aldosterone secretion because
besides retaining Na+ high plasma aldosterone causes K+ loss by the kidney. Plasma Na+ levels have little effect on
aldosterone secretion.

A low renal perfusion pressure stimulates the release of renin, which forms angiotensin I which is converted to
angiotensin II. Angiotensin II will correct the low perfusion pressure by causing constriction of blood vessels and by
increasing sodium retention by a direct effect on the proximal renal tubule and by an effect operated through
aldosterone. The perfusion pressure to the adrenal gland has little direct effect on aldosterone secretion and the low
blood pressure operates to control aldosterone via the renin angiotensin system.



In addition to aldosterone and angiotensin II other factors influence sodium excretion. Thus in high sodium states due
either to excess intake or cardiac disease (+ others) atrial peptide is secreted from the heart and by a series of actions
causes loss of sodium by the kidney. Elevated blood pressure will also tend to cause Na+ loss and a low blood
pressure usually leads to sodium retention. Aldosterone also acts on the sweat ducts and colonic epithelium to
conserve sodium. When aldosterone has been activated to retain sodium the plasma sodium tends to rise. This
immediately causes release of ADH which causes water to be retained, thus retaining Na+ and H20O in the right
proportion to restore plasma volume.

Potassium Balance

Amount Concentration
Amount in body 4000 mmol
Intracellular 3000 + mmol 110 mmol/l
Extracellular 53 mmol 4 mmolll
Plasma 12 mmol 4 mmolll
Interstitial 40 mmol 4 mmol/l
Bone 300 mmol
Amountin diet
Hunter Gatherer 200 — 400 mmol/day
Western 50 — 100 mmol/day
Obligatory Need 30 — 50 mmol/day

Potassium is predominantly an intracellular ion and most of the total body potassium of about 4000 mmol is inside the
cells and the next largest proportion (300-500 mmol) is in the bones. Cell K+ concentration is about 150 mmol/l but
varies in different organs. Extracellular potassium is about 4.0 mmol/l and with an extracellular value of about 13
litres, 52 mmol (ie. less than 1.5%) is present here and only 12 mmol in the plasma.

In an unprocessed diet potassium is much more plentiful than sodium and is present as an organic salt while sodium is
added as NaCl. In a hunter gatherer K+ intake may be as much as 400 mmol/d while in the Western diet it is 70
mmol/d or less if a person has a minimal amount of fresh fruit and vegetables. Processing of foods replaces K+ with
NaCl. While the body can excrete a large K+ load it is unable to conserve K+. On a zero K+ intake or in a person
with K+ depletion there will still be a loss of K+ of 30-50 mmol/d in the urine and faeces.



If there is a high potassium intake, e.g. 100 mmol, this would potentially increase the extracellular K+ level 2 times
before the kidney could excrete the extra potassium. The body buffers the extra potassium by equilibrating it within
the cells. The acid base status controls the distribution between plasma and cells. A high pH (ie. alkalosis >7.4)
favours movement of K+ into the cells whilst a low pH (ie. acidosis) causes movement out of the cell. A high plasma
potassium increases aldosterone secretion and this increases the potassium loss from the body, restoring balance. This
change of distribution with the acid base status means that the plasma K+ may not reflect the total body content. Thus
a person with an acidosis (pH 7.1) and a plasma K+ of 6.5 mmol/l could be depleted of total body potassium. This
occurs in diabetic acidosis. Conversely a person who is alkalotic with a plasma K+ of 3.4 mmol/l may have normal
total body potassium.

Calcium and Phosphate Balance

Amount Concentration

Amount in body
Interstitial (0.9%) 270 mmol 9 mmol/l
Cytoplasm <1 mmol 10 mmol/l

Cell organelles 270 mmol 9 mmoll/l
Extracellular (0.1%) 30 mmol 2.2 mmoll/l
Plasma 7 mmol 2.2 mmol/l
Interstitial 23 mmol 2.2 mmol/l
Bone (99%) 27.5 mol (1.1 kg)
Amount in diet 1200 mg/day 40 mmol/day
Amount absorbed 300 mg/day 10 mmol/day
Amount excreted 300 mg/day 10 mmol/day
Obligatory Need 100 mg/day 3 mmol/day
Bone => Plasma 500 mmol/day




Calcium is a very important electrolyte. 99% or more is deposited in bone but the remainder is importantly associated
with nerve conduction, muscle contraction, hormone release and cell signalling. The plasma concentration of Ca++ is
2.2 mmol/l and phosphate 1.0 mmol/l. The solubility product of Ca and P is close to saturation in plasma. The
concentration of Ca++ in the cytoplasm is < 10-6 mmol/l but the concentration of Ca++ in the cell is much higher as
calcium is taken up (and is able to be released from) cell organelles.

In the Australian diet there is about 1200 mg/d of calcium. Even if it was all soluble it is not all absorbed as it
combines with phosphates in the intestinal secretions. In addition absorption is regulated by active Vitamin D and
increased amounts increase Ca++ absorption. Absorption is controlled by Vitamin D while excretion is controlled by
parathyroid hormones. However, the distribution from bone to plasma is controlled by both the parathyroid hormones
and vitamin D. There is a constant loss of calcium by the kidney even if there was none in the diet. The excretion of
calcium by the kidney and its distribution between bone and the rest of the body is primarily controlled by parathyroid
hormone.

Calcium in plasma exists in 3 forms. Ionized, non ionized and protein bound. It is the ionized calcium concentration
that is monitored by the parathyroid gland and if low, parathyroid hormone secretion is increased. This acts to increase
ionized calcium levels by increasing bone re-absorption, decreasing renal excretion and acting on the kidney to
increase the rate of formation of active Vitamin D, and thereby increase gut absorption of calcium.

The usual amount of phosphate in the diet is about 1 g/d but not all is absorbed. Any excess is excreted by the kidney
and this excretion is increased by parathyroid hormone. Parathyroid hormone also causes phosphate to come out of
bone. Plasma phosphate has no direct effect on parathyroid hormone secretion. However if it is elevated it combines
with Ca++ decreasing the ionized Ca++ in plasma, thereby increasing parathyroid hormone secretion.

Case Study

Heat stroke and Heat exhaustion

If you have ever performed heavy manual labor or competed in an athletic event on a very hot day, you may have
experienced symptoms of heat exhaustion. Typically these include an elevated core body temperature (above 104F or
40C), profuse sweating, pale color, muscle cramps, dizziness, and in some extreme circumstances, fainting or loss of
consciousness.

Heat exhaustion occurs as a consequence of disruption of the body's own system of thermoregulation, the means by
which it adjusts temperature. Sweating is the principal means through which the body cools itself down, but diverting
blood from other regions toward the skin also serves this purpose. Although sweat allows excess heat to dissipate as
the moisture reaches the skin surface, it can also have dangerous implications for blood pressure and volume. As
sweating increases, blood volume can drop precipitously, meaning that the brain and other body systems are at risk for
insufficient oxygen and nutrient supplies. Furthermore, diverting blood away from other systems and towards the skin
compounds the changes in blood volume and blood pressure induced through sweating.

Heat stroke is a far more serious condition. This happens when the body's temperature rises out of control due to the
failure of the thermoregulating system. If the body is unable to reduce its temperature due to outside or physical
influences, the brain will start to malfunction. Delirium and loss of consciousness set in. The center of the brain
controlling the sweat glands will stop functioning, halting the production of sweat. This causes the body's temperature
to rise even faster. Furthermore, with the increase of the body's temperature, the metabolic process will speed up
causing even more heat in the body. If left untreated this will result in death. One of the easiest ways to spot heat
stroke is the skin. If it is flushed due to the increase of blood flow but dry because the sweat glands have stopped
secreting, the individual will need prompt medical attention.

Other Examples

= Thermoregulation

= The skeletal muscles can shiver to produce heat if the body temperature is too low.
= Non-shivering thermogenesis involves the decomposition of fat to produce heat.



= Sweating cools the body with the use of evaporation.
= Chemical regulation

= The pancreas produces insulin and glucagon to control blood-sugar concentration.
= The lungs take in oxygen and give off carbon dioxide, which regulates pH in the blood.
= The kidneys remove urea, and adjust the concentrations of water and a wide variety of ions.

Main examples of homeostasis in mammals are as follows:

= The regulation of the amounts of water and minerals in the body. This is known as osmoregulation.
This happens primarily in the kidneys.

= The removal of metabolic waste. This is known as excretion. This is done by the excretory organs
such as the kidneys and lungs.

= The regulation of body temperature. This is mainly done by the skin.

= The regulation of blood glucose level. This is mainly done by the liver and the insulin and glucagon
secreted by the pancreas in the body.

Most of these organs are controlled by hormones secreted from the pituitary gland, which in turn is directed by the
hypothalamus.

Review Questions I

Answers for these questions can be found here
1. Meaning of Homeostasis:

A) contributor and provider

B) expand

C) same or constant

D) receiver

2. What is the normal pH value for body fluid?
A)7.15-7.25
B) 7.35-7.45
C) 7.55- 7.65
D) 7.00-7.35

E)6.5-7.5

3. An example of the urinary system working with the respiratory system to regulate blood pH would be
A) When you hold your breath the kidneys will remove CO, from your blood

B) If you exercise a lot your urine will become more acidic

C) If you have emphysema the kidneys will remove fewer bicarbonate ions from circulation

D) If you hyperventilate the kidneys will counteract the alkalinity by adding hydrogen ions into the blood stream


https://en.wikibooks.org/wiki/Human_Physiology/Appendix_1:_answers_to_review_questions#Homeostasis

E) None of the above-the urinary system never works with the respiratory system

4. The urge to breathe comes in direct response to:

A) How long it has been since you last took a breath

B) The oxygen concentration of your surrounding environment
C) The build-up of nitrogen within your blood stream

D) The pH of your blood

E) The build-up of blood pressure that occurs when you don't breathe

5. In response to a bacterial infection my body's thermostat is raised. I start to shiver and produce more body heat.
When my body temperature reaches 101 degrees, I stop shivering and my body temperature stops going up. This is an
example of:

A) Negative feedback
B) A malfunctioning control system
C) Positive feedback

D) A negative impact

6. Which of the following is an example of a positive feedback?

A) Shivering to warm up in a cold winter storm

B) A cruise control set on your car applies more gas when going up a hill

C) You sweat on a hot summer's day and the blood vessels in your skin vasodilate

D) You get cut and platelets form a clot. This in turn activates the fibrin clotting system and more blood forms clots

7. Where is the body's "thermostat" found?

A) Within the nervous system, in the Hypothalamus
B) Within the integumentary system, in the skin

C) Within the brain, in the corpus callosum

D) Within the Urinary system, in the kidneys

8. What system has little to contribute to the homeostasis of the organism?
A) Urinary System

B) Reproductive System

C) Respiratory System

D) Nervous System



9. Select the phrase(s) below that best describe(s) homeostasis.
A) Fluctuating within a homeostatic range

B) Maintaining a constant internal environment

C) Dynamic equilibrium

D) Deviating

10. In which part of the nephron does ADH act?
A)PCT

B)DCT

C)Loop of Henle

D)None

Review Answers

= 1=C
= 2=B
= 3=C
= 4=D
= 5=A
= 6=D
= 7=A
= 8=B
= 9=B
= 10=B

Glossary

= Control Center or Integration Center: receives and processes information from the receptor

= Effector: responds to the commands of the control center by either opposing or enhancing the
stimulus

= Homeostasis: refers to stability, balance or equilibrium

= Negative Feedback: a reaction in which the system responds in such a way as to reverse the
direction of change

= Positive Feedback: a response is to amplify the change in the variable
= Receptor: receives information that something in the environment is changing

Cell Physiology

Cell Structure and Function




What is a Cell?

A cell is a structure as well as a functional unit of life. Every living thing has cells: bacteria, protozoans, fungi, plants,
and animals are the main group of living things. Some organisms are made up of just one cell are called unicellular.
(e.g. bacteria and protozoans), but animals, including human beings, are multi-cellular. An adult human body is
composed of about 100,000,000,000,000 cells! Each cell has basic requirements to sustain it, and the body's organ
systems are largely built around providing the many trillions of cells with those basic needs (such as oxygen, food,
and waste removal).

There are about 200 different kinds of specialized cells in the human body. When many identical cells are organized
together it is called a tissue (such as muscle tissue, nervous tissue, etc). Various tissues organized together for a
common purpose are called organs (e.g. the stomach is an organ, and so is the skin, the brain, and the uterus).

Ideas about cell structure have changed considerably over the years. Early biologists saw cells as simple membranous
sacs containing fluid and a few floating particles. Today's biologists know that cells are inconceivably more complex
than this. Therefore, a strong knowledge of the various cellular organelles and their functions is important to any
physiologist. If a person's cells are healthy, then that person is healthy. All physiological processes, disease, growth
and development can be described at the cellular level.

Specialized Cells of the Human Body

Although there are specialized cells - both in structure and function - within the body, all cells have similarities in their
structural organization and metabolic needs (such as maintaining energy levels via conversion of carbohydrate to ATP
and using genes to create and maintain proteins).

Here are some of the different types of specialized cells within the human body.

= Nerve Cells: Also called neurons, these cells are in the nervous system and function to process and
transmit information (it is hypothesized). They are the core components of the brain, spinal cord, and
peripheral nerves. They use chemical synapses that can evoke electrical signals, called action
potentials, to relay signals throughout the body.

= Epithelial cells: Functions of epithelial cells include secretion, absorption, protection, transcellular
transport, sensation detection, and selective permeability. Epithelium lines both the outside (skin) and
the inside cavities and lumen of bodies.

= Exocrine cells: These cells secrete products through ducts, such as mucus, sweat, or digestive
enzymes. The products of these cells go directly to the target organ through the ducts. For example,
the bile from the gallbladder is carried directly into the duodenum via the bile duct.

= Endocrine cells: These cells are similar to exocrine cells, but secrete their products directly into the
bloodstream instead of through a duct. Endocrine cells are found throughout the body but are
concentrated in hormone-secreting glands such as the pituitary. The products of the endocrine cells
go throughout the body in the bloodstream but act on specific organs by receptors on the cells of the
target organs. For example, the hormone estrogen acts specifically on the uterus and breasts of
females because there are estrogen receptors in the cells of these target organs.

= Blood Cells: The most common types of blood cells are:

= red blood cells (erythrocytes). The main function of red blood cells is to collect oxygen in the
lungs and deliver it through the blood to the body tissues. Gas exchange is carried out by simple
diffusion.

= various types of white blood cells (leukocytes). They are produced in the bone marrow and help
the body to fight infectious disease and foreign objects in the immune system. White cells are
found in the circulatory system, lymphatic system, spleen, and other body tissues.

Cell Size



Cells are the smallest structural & functional living units within our body, but play a big role in making our body
function properly. Many cells never have a large increase in size like eggs, after they are first formed from a parental
cell. Typical stem cells reproduce, double in size, then reproduce again. Most Cytosolic contents such as the
endomembrane system and the cytoplasm easily scale to larger sizes in larger cells. If a cell becomes too large, the
normal cellular amount of DNA may not be adequate to keep the cell supplied with RNA. Large cells often replicate
their chromosomes to an abnormally high amount or become multinucleated. Large cells that are primarily for nutrient
storage can have a smooth surface membrane, but metabolically active large cells often have some sort of folding of
the cell surface membrane in order to increase the surface area available for transport functions.

Cellular Organization

Several different molecules interact to form organelles within our body. Each type of organelle has a specific function.
Organelles perform the vital functions that keep our cells alive.

Cell Membranes

The boundary of the cell, sometimes called the plasma membrane, separates internal metabolic events from the
external environment and controls the movement of materials into and out of the cell. This membrane is very selective
about what it allows to pass through; this characteristic is referred to as "selective permeability." For example, it allows
oxygen and nutrients to enter the cell while keeping toxins and waste products out. The plasma membrane is a double
phospholipid membrane, or a lipid bilayer, with the nonpolar hydrophobic tails pointing toward the inside of the
membrane and the polar hydrophilic heads forming the inner and outer surfaces of the membrane.
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Proteins and cholesterol molecules are scattered throughout the flexible phospholipid membrane. Peripheral proteins
attach loosely to the inner or outer surface of the plasma membrane. Integral proteins lie across the membrane,
extending from inside to outside. A variety of proteins are scattered throughout the flexible matrix of phospholipid
molecules, somewhat like icebergs floating in the ocean, and this is termed the fluid mosaic model of the cell
membrane.

The phospholipid bilayer is selectively permeable. Only small, uncharged polar molecules can pass freely across the
membrane. Some of these molecules are H,O and CO,, hydrophobic (nonpolar) molecules like O,, and lipid soluble
molecules such as hydrocarbons. Other molecules need the help of a membrane protein to get across. There are a
variety of membrane proteins that serve various functions:

= Channel proteins: Proteins that provide passageways through the membranes for certain hydrophilic
or water-soluble substances such as polar and charged molecules. No energy is used during
transport, hence this type of movement is called facilitated diffusion.

= Transport proteins: Proteins that spend energy (ATP) to transfer materials across the membrane.
When energy is used to provide passageway for materials, the process is called active transport.

= Recognition proteins: Proteins that distinguish the identity of neighboring cells. These proteins have
oligosaccharide or short polysaccharide chains extending out from their cell surface.

= Adhesion proteins: Proteins that attach cells to neighboring cells or provide anchors for the internal
filaments and tubules that give stability to the cell.

= Receptor proteins: Proteins that initiate specific cell responses once hormones or other trigger
molecules bind to them.

= Electron transfer proteins: Proteins that are involved in moving electrons from one molecule to
another during chemical reactions.

Passive Transport Across the Cell Membrane

Passive transport describes the movement of substances down a concentration gradient and does not require energy
use.

= Bulk flow is the collective movement of substances in the same direction in response to a force, such
as pressure. Blood moving through a vessel is an example of bulk flow.

= Simple diffusion, or diffusion, is the net movement of substances from an area of higher
concentration to an area of lower concentration. This movement occurs as a result of the random and
constant motion characteristic of all molecules, (atoms or ions) and is independent from the motion of
other molecules. Since, at any one time, some molecules may be moving against the gradient and
some molecules may be moving down the gradient, although the motion is random, the word "net" is
used to indicate the overall, eventual end result of the movement.

= Facilitated diffusion is the diffusion of solutes through channel proteins in the plasma membrane.
Water can pass freely through the plasma membrane without the aid of specialized proteins (though
facilitated by aquaporins).

= Osmosis is the diffusion of water molecules across a selectively permeable membrane. When water
moves into a body by osmosis, hydrostatic pressure or osmotic pressure may build up inside the body.

= Dialysis is the diffusion of solutes across a selectively permeable membrane.

Active Transport Across the Cell Membrane

Active transport is the movement of solutes against a gradient and requires the expenditure of energy, usually in the
form of ATP. Active transport is achieved through one of these two mechanisms:

Protein Pumps

» Transport proteins in the plasma membrane transfer solutes such as small ions (Na*, K*, CI", H*),
amino acids, and monosaccharides.



= The proteins involved with active transport are also known as ion pumps.

= The protein binds to a molecule of the substance to be transported on one side of the membrane, then
it uses the released energy (ATP) to change its shape, and releases it on the other side.
= The protein pumps are specific, there is a different pump for each molecule to be transported.

= Protein pumps are catalysts in the splitting of ATP - ADP + phosphate, so they are called ATPase
enzymes.

= The sodium-potassium pump (also called the Na*/K*-ATPase enzyme) actively moves sodium out
of the cell and potassium into the cell. These pumps are found in the membrane of virtually every
cell, and are essential in transmission of nerve impulses and in muscular contractions.

Cystic fibrosis is a genetic disorder that results in a mutated chloride ion channel. By not regulating chloride secretion
properly, water flow across the airway surface is reduced and the mucus becomes dehydrated and thick.

Vesicular Transport

= Vesicles or other bodies in the cytoplasm move macromolecules or large particles across the plasma
membrane. Types of vesicular transport include:

1. Exocytosis, which describes the process of vesicles fusing with the plasma membrane and releasing
their contents to the outside of the cell. This process is common when a cell produces substances for
export.

2. Endocytosis, which describes the capture of a substance outside the cell when the plasma
membrane merges to engulf it. The substance subsequently enters the cytoplasm enclosed in a
vesicle.

There are three kinds of endocytosis:

= Phagocytosis or cellular eating, occurs when the dissolved materials enter the cell. The
plasma membrane engulfs the solid material, forming a phagocytic vesicle.

= Pinocytosis or cellular drinking occurs when the plasma membrane folds inward to form a
channel allowing dissolved substances to enter the cell. When the channel is closed, the liquid
is encircled within a pinocytic vesicle.

= Receptor-mediated endocytosis occurs when specific molecules in the fluid surrounding the
cell bind to specialized receptors in the plasma membrane. As in pinocytosis, the plasma
membrane folds inward and the formation of a vesicle follows.

Note: Certain hormones are able to target specific cells by receptor-mediated endocytosis.

Parts of the Cell




Mucleus

Muclear pore
Chromatin
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Mucleus
Mucleolus
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Cytoplasm

The gel-like material within the cell membrane is referred to as the cytoplasm. It is a fluid matrix, the cytosol, which
consists of 80% to 90% water, salts, organic molecules and many enzymes that catalyze reactions, along with
dissolved substances such as proteins and nutrients. The cytoplasm plays an important role in a cell, serving as a
"molecular soup" in which organelles are suspended and held together by a fatty membrane.

Within the plasma membrane of a cell, the cytoplasm surrounds the nuclear envelope and the cytoplasmic organelles.
It plays a mechanical role by moving around inside the membrane and pushing against the cell membrane helping to
maintain the shape and consistency of the cell and again, to provide suspension to the organelles. It is also a storage
space for chemical substances indispensable to life, which are involved in vital metabolic reactions, such as anaerobic
glycolysis and protein synthesis.

The cell membrane keeps the cytoplasm from leaking out. It contains many different organelles which are considered
the insoluble constituents of the cytoplasm, such as the mitochondria, lysosomes, peroxysomes, ribosomes, several
vacuoles and cytoskeletons, as well as complex cell membrane structures such as the endoplasmic reticulum and the
Golgi apparatus that each have specific functions within the cell.

= Cytoskeleton

Threadlike proteins that make up the cytoskeleton continually reconstruct to adapt to the cell's constantly changing
needs. It helps cells maintain their shape and allows cells and their contents to move. The cytoskeleton allows certain
cells such as neutrophils and macrophages to make amoeboid movements.

The network is composed of three elements: microtubules, actin filaments, and intermediate fibers.

= Microtubules
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Microtubules function as the framework along which organelles and vesicles move within a cell. They are the thickest
of the cytoskeleton structures. They are long hollow cylinders, composed of protein subunits, called tubulin.
Microtubules form mitotic spindles, the machinery that partitions chromosomes between two cells in the process of
cell division. Without mitotic spindles cells could not reproduce.

Microtubules, intermediate filaments, and microfilaments are three protein fibers of decreasing diameter, respectively.
All are involved in establishing the shape or movements of the cytoskeleton, the internal structure of the cell.

= Microfilaments

Microfilaments provide mechanical support for the cell, determine the cell
shape, and in some cases enable cell movements. They have an arrow-like
appearance, with a fast growing plus or barbed end and a slow growing
minus or pointed end. They are made of the protein actin and are involved in
cell motility. They are found in almost every cell, but are predominant in
muscle cells and in the cells that move by changing shape, such as
phagocytes (white blood cells that scour the body for bacteria and other
foreign invaders).

A photograph of microfilaments.

Organelles

Organelles are bodies embedded in the cytoplasm that serve to physically separate the various metabolic activities that
occur within cells. The organelles are each like separate little factories, each organelle is responsible for producing a
certain product that is used elsewhere in the cell or body.

Cells of all living things are divided into two broad categories: prokaryotes and eukaryotes. Bacteria (and archea) are
prokaryotes, which means they lack a nucleus or other membrane-bound organelles. Eukaryotes include all
protozoans, fungi, plants, and animals (including humans), and these cells are characterized by a nucleus (which
houses the chromosomes) as well as a variety of other organelles. Human cells vary considerably (consider the
differences between a bone cell, a blood cell, and a nerve cell), but most cells have the features described below.

Eukaryote Prokaryote

Mucleolis Mitochondria

Nucleoid
Nucleus

Cell Wall

Ribosomes Cell Membrane
A comparison of Eukaryote and Prokaryote cells.

Nucleus

Controls the cell; houses the genetic material (DNA). The nucleus is the largest of the cells organelles. Cells can have
more than one nucleus or lack a nucleus all together. Skeletal muscle cells contain more than one nucleus whereas red
blood cells do not contain a nucleus at all. The nucleus is bounded by the nuclear envelope, a phospholipid bilayer
similar to the plasma membrane. The space between these two layers is the nucleolemma Cisterna.

The nucleus contains the DNA, as mentioned above, the hereditary information in the cell. Normally the DNA is
spread out within the nucleus as a threadlike matrix called chromatin. When the cell begins to divide, the chromatin
condenses into rod-shaped bodies called chromosomes, each of which, before dividing, is made up of two long DNA
molecules and various histone molecules. The histones serve to organize the lengthy DNA, coiling it into bundles
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called nucleosomes. Also visible within the nucleus are one or more nucleoli, each consisting of DNA in the process
of manufacturing the components of ribosomes. Ribosomes are shipped to the cytoplasm where they assemble amino
acids into proteins. The nucleus also serves as the site for the separation of the chromosomes during cell division.

= Chromosomes

e ~ Inside each cell nucleus are
J{ chromosomes. Chromosomes are made
N~ \ up of chromatin, which is made up of
—éi—— protein and deoxyribonucleic acid
B strands. Deoxyribonucleic acid is DNA,
/ _ the genetic material that is in the shape
’ : of a twisted ladder, also called the
double helix. Humans have 23 pairs of
A cross-sectional diagram of a chromosomes. Down Syndrome and Cri
nucleus. du Chat Syndrome result from having
an abnormal number of chromosomes.
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Centrioles

Centrioles are rod like structures composed of 9 bundles which contain three
microtubules each. Two perpendicularly placed centrioles surrounded by
proteins make up the centrosome. Centrioles are very important in cellular
division, where they arrange the mitotic spindles that pull the chromosome apart.

A rough sketch of a
chromosome.

Centrioles and basal bodies act as microtubule organizing centers. A pair of centrioles (enclosed in a centrosome)
located outside the nuclear envelope gives rise to the microtubules that make up the spindle apparatus used during cell
division. Basal bodies are at the base of each flagellum and cilium and appear to organize their development.

Ribosomes

L
' ~210 mm

Ribosomes play an active role in the complex process of protein synthesis, where they serve as the structures that
facilitate the joining of amino acids. Each ribosome is composed of a large and small subunit which are made up of
ribosomal proteins and ribosomal RNAs. They can either be found in groups called polyribosomes within the
cytoplasm or found alone. Occasionally they are attached to the endoplasmic reticulum.

Mitochondria

Mitochondria are the organelles that function as the cell "powerhouse”, generating ATP, the universal form of energy
used by all cells. It converts food nutrients such as glucose, to a fuel (ATP) that the cells of the body can use.
Mitochondria are tiny sac-like structures found near the nucleus. Little shelves called cristae are formed from folds in
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the inner membrane. Cells that are metabolically active such as muscle, liver
and kidney cells have high energy requirements and therefore have more
mitochondria.

Mitochondria are unique in that they have their own mitochondrial DNA
(separate from the DNA that is in the nucleus). It is believed that eukaryotes
evolved from one cell living inside another cell, and mitochondria share many
traits with free-living bacteria (similar chromosome, similar ribosomes, etc).

Endoplasmic Reticulum A cutaway view inside a
mitochondria.

Endoplasmic means "within the plasm" and reticulum means
"network".

A complex three dimensional internal membrane system of flattened sheets, sacs and tubes, that play an important role
in making proteins and shuttling cellular products; also involved in metabolisms of fats, and the production of various
materials. In cross-section, they appear as a series of maze-like channels, often closely associated with the nucleus.
When ribosomes are present, the rough ER connects polysaccharide groups to the polypeptides as they are assembled
by the ribosomes. Smooth ER, without ribosomes, is responsible for various activities, including the synthesis of lipids
and hormones, especially in cells that produce these substances for export from the cell.

Rough endoplasmic reticulum has characteristic bumpy appearance due to the multitude of ribosomes coating it. It is
the site where proteins not destined for the cytoplasm are synthesized.

Smooth endoplasmic reticulum provides a variety of functions, including lipid synthesis and degradation, and calcium
ion storage. In liver cells, the smooth ER is involved in the breakdown of toxins, drugs, and toxic byproducts from
cellular reactions.

Golgi Apparatus

"Packages" cellular products in sacs called vesicles so that the products can cross the cell membrane and exit the cell.
The Golgi apparatus is the central delivery system for the cell. It is a group of flattened sacs arranged much like a
stack of bowls. They function to modify and package proteins and lipids into vesicles, small spherically shaped sacs
that bud from the ends of a Golgi apparatus. Vesicles often migrate to and merge with the plasma membrane, releasing
their contents outside the cell. The Golgi apparatus also transports lipids and creates lysosomes and organelles
involved in digestion.

Vacuoles

Spaces in the cytoplasm that sometimes serve to carry materials to the cell membrane for discharge to the outside of
the cell. Vacuoles are formed during endocytosis when portions of the cell membrane are pinched off.

Lysosomes

Lysosomes are sac-like compartments that contain a number of powerful degradative enzymes. They are built in the
Golgi apparatus. They break down harmful cell products and waste materials, cellular debris, and foreign invaders
such as bacteria, and then force them out of the cell. Tay-Sachs disease and Pompe's disease are just two of the
malfunctions of lysosomes or their digestive proteins.

Peroxisomes

Organelles in which oxygen is used to oxidize substances, breaking down lipids and detoxifying certain chemicals.
Peroxisomes self replicate by enlarging and then dividing. They are common in liver and kidney cells that break down
potentially harmful substances. Peroxisomes can convert hydrogen peroxide, a toxin made of H,O, to H,O.
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Extracellular structures

= Extracellular matrix

Human cells, like other animal cells, do not have a rigid cell wall. Human cells do have an important and variable
structure outside of their cell membrane called the extracellular matrix. Sometimes this matrix can be extensive and
solid (examples = calcified bone matrix, cartilage matrix), while other times it consists of a layer of extracellular
proteins and carbohydrates. This matrix is responsible for cells binding to each other and is incredibly important in
how cells physically and physiologically interact with each other.

= Flagella

Many prokaryotes have flagella, allowing, for example, an E. coli bacteria to propel its way up the urethra to cause a
UTT (Urinary Tract Infection). Human cells, however (and in fact most eukaryotic cells) lack flagella. This makes
sense since humans are multicellular, and individual cells do not need to swim around. The obvious exception to this
is with sperm, and indeed each sperm is propelled by a single flagellum. The flagellum of sperm is composed of
microtubules.

= Cilia

Cilia are especially notable on the single-celled protozoans, where they beat in synchrony to move the cells nimbly
through the water. They are composed of extensions of the cell membrane that contain microtubules. When present in
humans they are typically found in large numbers on a single surface of the cells, where rather than moving cells, they
move materials. The mucociliary escalator of the respiratory system consists of mucus-secreting cells lining the
trachea and bronchi, and ciliated epithelial cells that move the mucus ever-upward. In this manner mold spores,
bacteria, and debris are caught in the mucus, removed from the trachea, and pushed into the esophagus (to be
swallowed into a pit of acid). In the oviducts cilia move the ovum from the ovary to the uterus, a journey which takes
a few days.

Cell
Junctic

——

A magnified view of several cells, with visible cilia.
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The plasma membranes of adjacent cells are usually separated by extracellular fluids that allow transport of nutrients
and wastes to and from the bloodstream. In certain tissues, however, the membranes of adjacent cells may join and
form a junction. Three kinds of cell junctions are recognized:

= Desmosomes are protein attachments between adjacent cells. Inside the plasma membrane, a
desmosome bears a disk shaped structure from which protein fibers extend into the cytoplasm.
Desmosomes act like spot welds to hold together tissues that undergo considerable stress, such as
our skin or heart muscle.

= Tight junctions are tightly stitched seams between cells. The junction completely encircles each cell,
preventing the movement of material between the cell. Tight junctions are characteristic of cells lining
the digestive tract, where materials are required to pass through cells,rather than intercellular spaces,
to penetrate the bloodstream.

= Gap junctions are narrow tunnels that directly connect the cytoplasm of two neighbouring cells,
consisting of proteins called connexons. These proteins allow only the passage of ions and small
molecules. In this manner, gap junctions allow communication between cells through the exchange of
materials or the transmission of electrical impulses.

Cell Metabolism

Cell metabolism is the total energy released and consumed by a cell. Metabolism describes all of the chemical
reactions that are happening in the body. Some reactions, called anabolic reactions, create needed products. Other
reactions, called catabolic reactions, break down products. Your body is performing both anabolic and catabolic
reactions at the same time and around the clock, twenty four hours a day, to keep your body alive and functioning.
Even while you sleep, your cells are busy metabolizing.

= Catabolism: The energy releasing process in which a chemical or food is used (broken down) by
degradation or decomposition, into smaller pieces.

= Anabolism: Anabolism is just the opposite of catabolism. In this portion of metabolism, the cell
consumes energy to produce larger molecules via smaller ones.

Energy Rich Molecules

Adenosine Triphosphate (ATP)

ATP is the currency of the cell. When the cell needs to use energy such as
when it needs to move substances across the cell membrane via the active
transport system, it "pays" with molecules of ATP. The total quantity of ATP
in the human body at any one time is about 0.1 Mole. The energy used by
human cells requires the hydrolysis of 200 to 300 moles of ATP daily. This
means that each ATP molecule is recycled 2000 to 3000 times during a single OH OH
day. ATP cannot be stored, hence its consumption must closely follow its ~ Chemical diagram of an ATP
synthesis. On a per-hour basis, 1 kilogram of ATP is created, processed and molecule.

then recycled in the body. Looking at it another way, a single cell uses about

10 million ATP molecules per second to meet its metabolic needs, and

recycles all of its ATP molecules about every 20-30 seconds.
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Flavin Adenine Dinucleotide (FAD)
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When two hydrogen atoms are bonded, FAD is reduced to FADH, and is turned into an energy-carrying molecule.

FAD accommodates two equivalents of Hydrogen; both the hydride and the proton ions. This is used by organisms to
carry out energy requiring processes. FAD is reduced in the citric acid cycle during aerobic respiration

Nicotinamide Adenine Dinucleotide (NADH)

Nicotinamide adenine dinucleotide (NAD™) and nicotinamide adenine dinucleotide phosphate (NADP) are two
important cofactors found in cells. NADH is the reduced form of NAD", and NAD" is the oxidized form of NADH.
It forms NADP with the addition of a phosphate group to the 2' position of the adenosyl nucleotide through an ester
linkage.

NAD is used extensively in glycolysis and the citric acid cycle of cellular respiration. The reducing potential stored in
NADH can be converted to ATP through the electron transport chain or used for anabolic metabolism. ATP "energy"
is necessary for an organism to live. Green plants obtain ATP through photosynthesis, while other organisms obtain it
by cellular respiration.

NADP is used in anabolic reactions, such as fat acid and nucleic acid synthesis, that require NADPH as a reducing
agent. In chloroplasts, NADP is an oxidising agent important in the preliminary reactions of photosynthesis. The
NADPH produced by photosynthesis is then used as reducing power for the biosynthetic reactions in the Calvin cycle
of photosynthesis.

MH, + NAD" -~ NADH + H" + M: + energy, where M is a metabolite.

Two hydrogen ions (a hydride ion and an H* ion) are wansferred from the N/ ©
metabolite. One electron is transferred to the positively-charged nitrogen, and P ll -
one hydrogen attaches to the carbon atom opposite to the nitrogen. _ _ | ﬂ o

The human body synthesizes NAD from the vitamin niacin in the form of L

nicotinic acid or nicotinamide. |

The rest af the moleculs

Chemical diagram of an NADH
Cellular Respiration molecule.

Cellular respiration is the energy releasing process by which sugar molecules

are broken down by a series of reactions and the chemical energy gets converted to energy stored in ATP molecules.
The reactions that convert the fuel (glucose) to usable cellular energy (ATP) are glycolysis, the Krebs cycle
(sometimes called the citric acid cycle), and the electron transport chain. Altogether these reactions are referred to as
"cellular respiration" or "aerobic respiration." Oxygen is needed as the final electron acceptor, and carrying out
cellular respiration is the very reason we breathe and the reason we eat.
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electron transport system

Flowchart of cellular respiration.

Glycolysis

The glycolytic pathway (glycolysis) is where glucose, the smallest molecule that a carbohydrate can be broken into
during digestion, gets oxidized and broken into two 3-carbon molecules (pyruvates), which are then fed into the
Kreb's Cycle. Glycolysis is the beginning of cellular respiration and takes place in the cytoplasm. Two molecules of
ATP are required for glycolysis, but four are produced so there is a net gain of two ATP per glucose molecule. Two
NADH molecules transfer electrons (in the form of hydrogen ions) to the electron transport chain in the mitochondria,
where they will be used to generate additional ATP. During physical exertion when the mitochondria are already
producing the maximum ATP possible with the amount of oxygen available, glycolysis can continue to produce an
additional 2 ATP per glucose molecule without sending the electrons to the mitochondria. However, during this
anaerobic respiration lactic acid is produced, which may accumulate and lead to temporary muscle cramping.

Krebs Cycle

The Krebs cycle was named after Sir Hans Krebs (1900-1981), who proposed the key elements of this pathway in
1937 and was awarded the Nobel Prize in Medicine for its discovery in 1953.

Two molecules of pyruvate enter the Krebs cycle, which is called the aerobic pathway because it requires the presence
of oxygen in order to occur. This cycle is a major biological pathway that occurs in humans and every plant and
animal.

After glycolysis takes place in the cell's cytoplasm, the pyruvic acid molecules travel into the interior of the
mitochondrion. Once the pyruvic acid is inside, carbon dioxide is enzymatically removed from each three-carbon
pyruvic acid molecule to form acetic acid. The enzyme then combines the acetic acid with an enzyme, coenzyme A,
to produce acetyl coenzyme A, also known as acetyl CoA.

Once acetyl CoA is formed, the Krebs cycle begins. The cycle is split into eight steps, each of which will be
explained below.

= Step 1: The acetic acid subunit of acetyl CoA is combined with oxaloacetate to form a molecule of
citrate. The acetyl coenzyme A acts only as a transporter of acetic acid from one enzyme to another.
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After Step 1, the coenzyme is released by hydrolysis so that it may combine with another acetic acid
molecule to begin the Krebs cycle again.

= Step 2: The citric acid molecule undergoes an isomerization. A hydroxyl group and a hydrogen
molecule are removed from the citrate structure in the form of water. The two carbons form a double
bond until the water molecule is added back. Only now, the hydroxyl group and hydrogen molecule
are reversed with respect to the original structure of the citrate molecule. Thus, isocitrate is formed.

= Step 3: In this step, the isocitrate molecule is oxidized by a NAD molecule. The NAD molecule is
reduced by the hydrogen atom and the hydroxyl group. The NAD binds with a hydrogen atom and
carries off the other hydrogen atom leaving a carbonyl group. This structure is very unstable, so a
molecule of CO, is released creating alpha-ketoglutarate.

= Step 4: In this step, our friend, coenzyme A, returns to oxidize the alpha-ketoglutarate molecule. A
molecule of NAD is reduced again to form NADH and leaves with another hydrogen. This instability
causes a carbonyl group to be released as carbon dioxide and a thioester bond is formed in its place
between the former alpha-ketoglutarate and coenzyme A to create a molecule of succinyl-coenzyme
A complex.

= Step 5: A water molecule sheds its hydrogen atoms to coenzyme A. Then, a free-floating phosphate
group displaces coenzyme A and forms a bond with the succinyl complex. The phosphate is then
transferred to a molecule of GDP to produce an energy molecule of GTP. It leaves behind a molecule
of succinate.

= Step 6: In this step, succinate is oxidized by a molecule of FAD (Flavin adenine dinucleotide). The
FAD removes two hydrogen atoms from the succinate and forces a double bond to form between the
two carbon atoms, thus creating fumarate.

= Step 7: An enzyme adds water to the fumarate molecule to form malate. The malate is created by
adding one hydrogen atom to a carbon atom and then adding a hydroxyl group to a carbon nextto a
terminal carbonyl group.

= Step 8: In this final step, the malate molecule is oxidized by a NAD molecule. The carbon that carried
the hydroxyl group is now converted into a carbonyl group. The end product is oxaloacetate which
can then combine with acetyl-coenzyme A and begin the Krebs cycle all over again.

= Summary: In summary, three major events occur during the Krebs cycle. One GTP (guanosine
triphosphate) is produced which eventually donates a phosphate group to ADP to form one ATP; three
molecules of NAD are reduced; and one molecule of FAD is reduced. Although one molecule of GTP
leads to the production of one ATP, the production of the reduced NAD and FAD are far more
significant in the cell's energy-generating process. This is because NADH and FADH, donate their
electrons to an electron transport system that generates large amounts of energy by forming many
molecules of ATP.

To see a visual summary of "Kreb Cycle" please click here (http:/homepage.smc.edu/hodson_kent/Energetics/Krebs
2.htm).

Electron Transport System

The most complicated system of all. In the respiration chain, oxidation and reduction reactions occur repeatedly as a
way of transporting energy. The respiratory chain is also called the electron transport chain. At the end of the chain,
oxygen accepts the electron and water is produced.

Redox Reaction

This is a simultaneous oxidation-reduction process whereby cellular metabolism occurs, such as the oxidation of sugar
in the human body, through a series of very complex electron transfer processes.

The chemical way to look at redox processes is that the substance being oxidized transfers electrons to the substance
being reduced. Thus, in the reaction, the substance being oxidized (aka. the reducing agent) loses electrons, while the
substance being reduced (aka. the oxidizing agent) gains electrons. Remember: LEO (Losing Electrons is Oxidation)
the lion says GER (Gaining Electrons is Reduction); or alternatively: OIL (Oxidation is Loss) RIG (Reduction is
Gain).
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The term redox state is often used to describe the balance of NAD*/NADH and NADP"/NADPH in a biological
system such as a cell or organ. The redox state is reflected in the balance of several sets of metabolites (e.g., lactate
and pyruvate, f-hydroxybutyrate and acetoacetate) whose interconversion is dependent on these ratios. An abnormal
redox state can develop in a variety of deleterious situations, such as hypoxia, shock, and sepsis.

Cell Building Blocks

What major classes of molecules are found within cells?

Lipids

The term is more-specifically used to refer to fatty-acids and their derivatives (including tri-, di-, and mono-glycerides
and phospholipids) as well as other fat-soluble sterol-containing metabolites such as cholesterol. Lipids serve many
functions in living organisms including energy storage, serve as structural components of cell membranes, and
constitute important signaling molecules. Although the term lipid is sometimes used as a synonym for fat, the latter is
in fact a subgroup of lipids called triglycerides and should not be confused with the term fatty acid.

Carbohydrates

Carbohydrate molecules consist of carbon, hydrogen, and oxygen. They have a general formula C,(H,0),,. There are
several sub-families based on molecular size.

Carbohydrates are chemical compounds that contain oxygen, hydrogen, and carbon atoms, and no other elements.
They consist of monosaccharide sugars of varying chain lengths.

Certain carbohydrates are an important storage and transport form of energy in most organisms, including plants and
animals. Carbohydrates are classified by their number of sugar units: monosaccharides (such as glucose and fructose),
disaccharides (such as sucrose and lactose), oligosaccharides, and polysaccharides (such as starch, glycogen, and
cellulose).

The simplest carbohydrates are monosaccharides, which are small straight-chain aldehydes and ketones with many
hydroxyl groups added, usually one on each carbon except the functional group. Other carbohydrates are composed
of monosaccharide units and break down under hydrolysis. These may be classified as disaccharides,
oligosaccharides, or polysaccharides, depending on whether they have two, several, or many monosaccharide units.

Proteins
All proteins contain carbon, hydrogen, oxygen and nitrogen. Some also contain phosphorus and sulfur. The building
blocks of proteins are amino acids. There are 20 different kinds of amino acids used by the human body. They unite
by peptide bonds to form long molecules called polypeptides. Polypeptides are assembled into proteins. Proteins have
four levels of structure

= Primary
Primary structure is the sequence of amino acids bonded in the polypeptide.

= Secondary

The secondary structure is formed by hydrogen bonds between amino acids. The polypeptide can coil into a helix or
form a pleated sheet.

= Tertiary



The tertiary structure refers to the three-dimensional
folding of the helix or pleated sheet.

u Quaternary Primary protein structure

i saquence of a chain of amino acids

The quaternary structure refers to the spatial
relationship among the polypeptide in the protein.

= Hexagonary Pleated sheet Alpha helix
The hexagonary structure refers to the carpal - Secondary protsin structure
. . . . . occurs whan tha ‘Eaquance of amind acids
relationship among the bipeptide in the person. a1 linksd by hydrogan bonds

Enzymes Y

A Dbiological molecule that catalyzes a chemical
reaction. Enzymes are essential for life because most
chemical reactions in living cells would occur too
slowly or would lead to different products without
enzymes. Most enzymes are proteins and the word
"enzyme" is often used to mean a protein enzyme.
Some RNA molecules also have a catalytic activity,
and to differentiate them from protein enzymes, they
are referred to as RNA enzymes or ribozymes.

~_ Pleated shest

Tertiary protein structure
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betwesn alpha helicas and pleatad shaats.
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Review Questions

Answers for these questions can be found
here (https:/len.wikibooks.org/wikiiHuman_Physiology/Appendix_1: answers_to_review_question
s#Cell_physiology)

1. List 2 functions of the cell membrane:

Questions 2 - 6 Match the following organelles with their function: 2. Mitochondria 3. Vacuoles 4. Cilia 5. Smooth
ER 6. Golgi Apparatus

A. Movement of the cell

B. Lipid synthesis and transport

C. "Powerhouse” of the cell, makes ATP

D. Storage areas, mainly found in plant cells
E. Packages and distributes cellular products

7. The diffusion of H,O across a semi permeable or selectively permeable membrane is termed

A. Active transport
B. Diffusion

C. Osmosis

D. Endocytosis

8. Oxygen enters a cell via?

a. Diffusion
b. Filtration
c. Osmosis
d. Active transport

9. The term used to describe, "cell eating" is?
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a. Exocytosis

b. Phagocytosis
c. Pinocytosis
d. Diffusion

10. Which of the following requires energy?

a. Diffusion

b. Osmosis

c. Active transport

d. Facilitated diffusion

11. Protein synthesis occurs at the

a. Mitochondria

b. Lysosomes

c. Within the nucleus
d. Ribosomes

12. Which of the following is not found in the cell membrane?

a. Cholesterol

b. Phospholipids
c. Proteins

d. Galactose

e. Nucleic acids

13. What is a cell?

a. The largest living units within our bodies.

b. Enzymes that "eat" bacteria

c. Microscopic fundamental units of all living things.
d. All of the above.

Glossary

Active Transport: the movement of solutes against a gradient and requires the expenditure of energy
Adenosine Triphosphate (ATP): a cell’s source of energy

Bulk Flow: the collective movement of substances in the same direction in response to a force

Cells: the microscopic fundamental unit that makes up all living things

Cell Membrane: boundary of the cell, sometimes called the plasma membrane

Cytoplasm: a water-like substance that fills cells. The cytoplasm consists of cytosol and the cellular organelles, except
the cell nucleus. The cytosol is made up of water, salts, organic molecules and many enzymes that catalyze reactions.
The cytoplasm holds all of the cellular organelles outside of the nucleus, maintains the shape and consistency of the
cell, and serves as a storage place for chemical substances.

Cytoskeleton: made of threadlike proteins, helps cells maintain their shape and allows cells and their contents to
move

Dialysis: the diffusion of solutes across a selectively permeable membrane. Most commonly heard of when a patient
has had renal failure. In medicine, dialysis is a type of renal replacement therapy which is used to provide an artificial
replacement for lost kidney function due to renal failure. It is a life support treatment and does not treat any kidney
diseases.



Endocrine cells: similar to exocrine cells, but secrete their products directly into the bloodstream instead of through a
duct

Endocytosis: the capture of a substance outside the cell when the plasma membrane merges to engulf it

Endoplasmic Reticulum: organelle that play an important role in making proteins and shuttling cellular products;
also involved in metabolisms of fats, and the production of various materials

Epithelial Cells: cells that aid in secretion, absorption, protection, trans-cellular transport, sensation detection, and
selective permeability

Exocrine Cells: cells that secrete products through ducts, such as mucus, sweat, or digestive enzymes

Exocytosis: the process of vesicles fusing with the plasma membrane and releasing their contents to the outside of the
cell

Facilitated Diffusion: the diffusion of solutes through channel proteins in the plasma membrane

Golgi Apparatus: "packages" cellular products in sacs called vesicles so that the products can cross the cell
membrane and exit the cell

Glycolysis: process in which sugars (glucose) are converted to acid
Lysosomes: sac-like compartments that contain a number of powerful degradative enzymes

Microfilaments: provide mechanical support for the cell, determine the cell shape, and in some cases enable cell
movements

Microtubules: function as the framework along which organelles and vesicles move within a cell
Mitochondria: the organelles that function as the cell "powerhouse", generating ATP
Nucleus: controls the cell; houses the genetic material

Organelles: bodies embedded in the cytoplasm that serve to physically separate the various metabolic activities that
occur within cells

Osmosis: the diffusion of water molecules across a selectively permeable membrane from an area of high solute
concentration to an area of low solute concentration.

Passive Transport: the movement of substances down a concentration gradient and does not require energy use

Peroxisomes: organelles in which oxygen is used to oxidize substances, breaking down lipids and detoxifying certain
chemicals

Phagocytosis: a form of endocytosis wherein large particles are enveloped by the cell membrane of a (usually larger)
cell and internalized to form a phagosome, or "food vacuole." In animals, phagocytosis is performed by specialized
cells called phagocytes, which serve to remove foreign bodies and thus fight infection. In vertebrates, these include
larger macrophages and smaller granulocytes, types of blood cells. Bacteria, dead tissue cells, and small mineral
particles are all examples of objects that may be phagocytosed.

Pinocytosis: also called cellular drinking, is a form of endocytosis, a process in which small particles are taken in by a
cell by splitting into smaller particles. The particles then form small vesicles which subsequently fuse with lysosomes
to hydrolyze, or to break down, the particles. This process requires adenosine triphosphate (ATP).

Receptor-mediated Endocytosis: occurs when specific molecules in the fluid surrounding the cell bind to specialized
receptors in the plasma membrane



Red Blood Cells (erythrocytes): cells that collect oxygen in the lungs and deliver it through the blood to the body
tissues

Ribosomes: play an active role in the complex process of protein synthesis, where they serve as the structures that
facilitate the joining of amino acids

Simple Diffusion: the net movement of substances from an area of higher concentration to an area of lower
concentration

Vacuoles: spaces in the cytoplasm that sometimes serve to carry materials to the cell membrane for discharge to the
outside of the cell

White Blood Cells (leukocytes): produced in the bone marrow and help the body to fight infectious disease and
foreign objects in the immune system

The Integumentary System

Introduction

The integumentary system consists of the skin, hair, nails, the subcutaneous tissue below the skin,and assorted
glands.The most obvious function of the integumentary system is the protection that the skin gives to underlying
tissues. The skin not only keeps most harmful substances out, but also prevents the loss of fluids.

A major function of the subcutaneous tissue is to connect the skin to underlying tissues such as muscles. Hair on the
scalp provides insulation from cold for the head. The hair of eyelashes and eyebrows helps keep dust and perspiration
out of the eyes, and the hair in our nostrils helps keep dust out of the nasal cavities. Any other hair on our bodies no
longer serves a function, but is an evolutionary remnant. Nails protect the tips of fingers and toes from mechanical
injury. Fingernails give the fingers greater ability to pick up small objects.

There are four types of glands in the integumentary system: Sudoriferous glands, Sebaceous glands, Ceruminous
glands, and Mammary glands. Sudoriferous glands are sweat producing glands. These are important to help maintain
body temperature. Sebaceous glands are oil producing glands which help inhibit bacteria, keep us waterproof and
prevent our hair and skin from drying out. Ceruminous glands produce earwax which keeps the outer surface of the
eardrum pliable and prevents drying. Mammary glands produce milk.

Skin

In zoology and dermatology, skin is an organ of the integumentary system made up of a layer of tissues that guard
underlying muscles and organs. As the interface with the surroundings, it plays the most important role in protecting
against pathogens. Its other main functions are insulation and temperature regulation, sensation and vitamin D and B
synthesis. Skin is considered one of the most important parts of the body.

Skin has pigmentation, melanin, provided by melanocytes, which absorbs some of the potentially dangerous radiation
in sunlight. It also contains DNA repair enzymes which reverse UV damage, and people who lack the genes for these
enzymes suffer high rates of skin cancer. One form predominantly produced by UV light, malignant melanoma, is
particularly invasive, causing it to spread quickly, and can often be deadly. Human skin pigmentation varies among
populations in a striking manner. This has sometimes led to the classification of people(s) on the basis of skin color.

Damaged skin will try to heal by forming scar tissue, often giving rise to discoloration and depigmentation of the skin.

The skin is often known as "the largest organ in the human body". This applies to exterior surface, as it covers the
body, appearing to have the largest surface area of all the organs. Moreover, it applies to weight, as it weighs more
than any single internal organ, accounting for about 15 percent of body weight. For the average adult human, the skin
has a surface area of between 1.5-2.0 square meters, most of it is between 2-3 mm thick. The average square inch of
skin holds 650 sweat glands, 20 blood vessels, 60,000 melanocytes, and more than a thousand nerve endings.



The use of natural or synthetic cosmetics to treat the appearance of the face and condition of the skin (such as pore
control and black head cleansing) is common among many cultures.

Layers

The skin has two major layers which are made of different tissues and have very different functions.

Skin is composed of the epidermis and the
dermis. Below these layers lies the hypodermis
or subcutaneous adipose layer, which is not
usually classified as a layer of skin.

The outermost epidermis consists of stratified
squamous keratinizing epithelium with an
underlying basement membrane. It contains no
blood vessels, and is nourished by diffusion from
the dermis. The main type of cells which make
up the epidermis are Kkeratinocytes, with
melanocytes and Langerhans cells also present.
The epidermis can be further subdivided into the
following strata (beginning with the outermost
layer):  corneum, lucidum,  granulosum,
spinosum, basale. Cells are formed through
mitosis at the innermost layers. They move up
the strata changing shape and composition as
they differentiate, inducing expression of new
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types of keratin genes. They eventually reach the
comeum and  become  sloughed  off suwsat gland
(desquamation). This process is called
keratinization and takes place within about 30
days. This layer of skin is responsible for
keeping water in the body and keeping other
harmful chemicals and pathogens out.
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Diagram of the layers of human skin

Blood capillaries are found beneath the dermis, and are linked to an arteriole and a venule. Arterial shunt vessels may
bypass the network in ears, the nose and fingertips.

The dermis lies below the epidermis and contains a number of structures including blood vessels, nerves, hair follicles,
smooth muscle, glands and lymphatic tissue. It consists of loose connective tissue otherwise called areolar connective
tissue—collagen, elastin and reticular fibers are present. Erector muscles, attached between the hair papilla and
epidermis, can contract, resulting in the hair fiber pulled upright and consequentially goose bumps. The main cell
types are fibroblasts, adipocytes (fat storage) and macrophages. Sebaceous glands are exocrine glands which produce
a mixture of lipids and waxy substances known as sebum. Sebum serves many functions, including lubrication, water-
proofing, softening, and also provides antimicrobial properties. Sweat glands open up via a duct onto the skin by a
pore.

The dermis is made of an irregular type of fibrous connective tissue consisting of collagen and elastin fibers. It can be
split into the papillary and reticular layers. The papillary layer is outermost and extends into the epidermis to supply it
with vessels. It is composed of loosely arranged fibers. Papillary ridges make up the lines of the hands giving us
fingerprints. The reticular layer is more dense and is continuous with the hypodermis. It contains the bulk of the
structures (such as sweat glands). The reticular layer is composed of irregularly arranged fibers and resists stretching.

The hypodermis is not part of the skin, and lies below the dermis. Its purpose is to attach the skin to underlying bone
and muscle as well as supplying it with blood vessels and nerves. It consists of loose connective tissue and elastin.
The main cell types are fibroblasts, macrophages and adipocytes (the hypodermis contains 95% of body fat). Fat
serves as padding and insulation for the body.
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Functions

1. Protection: Skin gives an anatomical barrier between the
internal and external environment in bodily defense;
Langerhans cells in the skin are part of the immune system

. Sensation: Skin contains a variety of nerve endings that
react to heat, cold, touch, pressure, vibration, and tissue
injury; see somatosensory system and touch.

. Heat regulation: The skin contains a blood supply far greater
than its requirements which allows precise control of energy
loss by radiation, convection and conduction. Dilated blood
vessels increase perfusion and heat loss while constricted
vessels greatly reduce cutaneous blood flow and conserve
heat. Erector pili muscles are significant in animals.

Tumors

Benign tumors of the skin: Squamous cell papilloma
Skin cancer (https://fen.wikipedia.org/wiki/Skin_cancer)
Acne

Keratosis pilaris

Fungal infections such as athlete's foot

microbial infections

calcinosis cutis

Clinical Application:
The patch drug delivery system. The
transdermal patch is an increasingly
popular drug delivery system. These
patches are designed so that the drug
molecules diffuse through the
epidermis to the blood vessels in the
dermis layer. A typical patch works
well for small lipid-soluble molecules
(for example, estrogen, nitroglycerin,
and nicotine) that can make their way
between epidermal cells.

The arrector pili muscle is a minute
muscle found in the dermal layver of
the sldn. It is attached at the root
of the hair, mside the hair's follicle.
Under the control of the autonomic
nervous system, these tiny muscles
aid the body in temperature
regulation. Sensory nerves in nerve
endings of the skin send messages
to the brain, which, if necessary,
triggers contraction and relaxation

of the muscle, or shivering, which

= ulcer
generates heat This action also
. malkces the hair stand erect, cansing
Hair "goose bumps".

Types of hair

Humans have three different types of hair:

= Lanugo, the fine, unpigmented hair that covers nearly the entire body of a fetus, although most has
been replaced with vellus by the time of the baby's birth

= Vellus hair, the short, downy, "peach fuzz" body hair (also unpigmented) that grows in most places on
the human body. While it occurs in both sexes, and makes up much of the hair in children, men have a
much smaller percentage (around 10%) vellus whereas 2/3 of a female's hair is vellus.

= Terminal hair, the fully developed hair, which is generally longer, coarser, thicker, and darker than
vellus hair, and often is found in regions such as the axillary, male beard, and pubic.

Pathological impacts on hair

Drugs used in cancer chemotherapy frequently cause a temporary loss of hair, noticeable on the head and eyebrows,
because they kill all rapidly dividing cells, not just the cancerous ones. Other diseases and traumas can cause
temporary or permanent loss of hair, either generally or in patches.

The hair shafts may also store certain poisons for years, even decades, after death. In the case of Col. Lafayette Baker,
who died July 3, 1868, use of an atomic absorption spectrophotometer showed the man was killed by white arsenic.
The prime suspect was Wallace Pollock, Baker's brother-in-law. According to Dr. Ray A. Neff, Pollack had laced
Baker's beer with it over a period of months, and a century or so later minute traces of arsenic showed up in the dead
man's hair. Mrs. Baker's diary seems to confirm that it was indeed arsenic, as she writes of how she found some vials
of it inside her brother's suit coat one day.
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Nails

Parts of the fingernail

The fingernail is an important structure made of keratin. The fingernail generally
serve two purposes. It serves as a protective plate and enhances sensation of the
fingertip. The protection function of the fingernail is commonly known, but the
sensation function is equally important. The fingertip has many nerve endings in Lunule

it allowing us to receive volumes of information about objects we touch. The  [Seeliiealliiiiy
nail acts as a counterforce to the fingertip providing even more sensory input (cuticle)
when an object is touched.

Mail plate
Mail groove

The parts of a finger nail
Nail Structure

The structure we know of as the nail is divided into six specific parts - the root, nail bed, nail plate, eponychium
(cuticle), perionychium, and hyponychium.

Root The root of the fingernail is also known as the germinal matrix. This portion of the nail is actually beneath the
skin behind the fingernail and extends several millimeters into the finger. The fingernail root produces most of the
volume of the nail and the nail bed. This portion of the nail does not have any melanocytes, or melanin producing
cells. The edge of the germinal matrix is seen as a white, crescent shaped structure called the lunula.

Nail Bed The nail bed is part of the nail matrix called the sterile matrix. It extends from the edge of the germinal
matrix, or lunula, to the hyponychium. The nail bed contains the blood vessels, nerves, and melanocytes, or melanin-
producing cells. As the nail is produced by the root, it streams down along the nail bed, which adds material to the
undersurface of the nail making it thicker. It is important for normal nail growth that the nail bed be smooth. If it is not,
the nail may split or develop grooves that can be cosmetically unappealing.

Nail Plate The nail plate is the actual fingernail, made of translucent keratin. The pink appearance of the nail comes
from the blood vessels underneath the nail. The underneath surface of the nail plate has grooves along the length of
the nail that help anchor it to the nail bed.

eponychium The cuticle of the fingernail is also called the eponychium. The cuticle is situated between the skin of the
finger and the nail plate fusing these structures together and providing a waterproof barrier.

Perionychium The perioncyhium is the skin that overlies the nail plate on its sides. It is also known as the
paronychial edge. The perionychium is the site of hangnails, ingrown nails, and an infection of the skin called
paronychia.

Hyponychium The hyponychium is the area between the nail plate and the fingertip. It is the junction between the
free edge of the nail and the skin of the fingertip, also providing a waterproof barrier.

Nail Diseases

Nail diseases are in a separate category from diseases of the skin. Although nails
are a skin appendage, they have their own signs and symptoms which may relate
to other medical conditions. Nail conditions that show signs of infection or
inflammation require medical assistance and cannot be treated at a beauty parlor.
Nails: left hand, adult human Deformity or disease of the nails may be referred to as onychosis.

male
There are many disease that can occur with the fingernails and toenails. The

most common of these diseases are ingrown nails and fungal infections.


https://en.wikibooks.org/wiki/File:Fingernail_label.jpg
https://en.wikibooks.org/wiki/File:Fingernails.jpg

Ingrown Nails

Onychocryptosis, commonly known as "ingrown nails" (unguis incarnatus), can affect either the fingers or the toes.
In this condition, the nail cuts into one or both sides of the nail bed, resulting in inflammation and possibly infection.
The relative rarity of this condition in the fingers suggests that pressure from the ground or shoe against the toe is a
prime factor. The movements involved in walking or other physical disturbances can contribute to the problem. Mild
onychocryptosis, particularly in the absence of infection, can be treated by trimming and rounding the nail. More
advanced cases, which usually include infection, are treated by surgically excising the ingrowing portion of the nail
down to its bony origin and cauterizing the matrix, or 'root, to prevent recurrence. This surgery is called
matricectomy. The best results are achieved by cauterizing the matrix with phenol. Another method, which is much
less effective, is excision of the matrix, sometimes called a 'cold steel procedure'

Nail Fungus

An infection of nail fungus (onychomycosis) occurs when fungi infect one or more of your nails. Onychomycosis
generally begins as a white or yellow spot under the tip of the fingernail or toenail. As the nail fungus spreads deeper
into the nail, it may cause the nail to discolor, thicken and develop crumbling edges — an unsightly and potentially
painful problem.

Infections of nail fungus account for about half of all nail disorders. These infections usually develop on nails
continually exposed to warm, moist environments, such as sweaty shoes or shower floors. Nail fungus isn't the same
as athlete's foot, which primarily affects the skin of the feet, but at times the two may coexist and can be caused by the
same type of fungus. Topical steroid misuse is one of the most common cause now a days.

An infection with nail fungus may be difficult to treat, and infections may recur. But medications are available to help
clear up nail fungus permanently.

Clinical Application

Nail inspection can give a great deal of information about the internal working of the body as well, and like tongue or
iris inspection, has a long history of diagnostic use in cantraditional medical practices such as Chinese medicine.

Pliability:

Brittleness is associated with iron deficiency, thyroid problems, impaired kidney function, circulation problems[2], and
biotin deficiency[3] Splitting and fraying are associated with psoriasis, folic acid, protein and/or Vitamin C deficiency.
Unusual thickness is associated with circulation problems. Thinning nails and itchy skin are associated with lichen
planus[4].

Shape and texture:

Clubbing, or nails that curve down around the fingertips with nail beds that bulge is associated with oxygen
deprivation and lung, heart, or liver disease. Spooning, or nails that grow upwards is associated with iron or B12
deficiency. Flatness can indicate a B12 vitamin deficiency[5] or Raynaud's disease[6] Pitting of the nails is associated
with Psoriasis. Horizontal ridges indicate stress, and Beau's lines are associated with many serious conditions. Vertical
ridges are associated with arthritis[7]. Vertical grooves are associated with kidney disorders, aging, and iron
deficiency[8]. Beading is associated with rheumatoid arthritis[9]. Nails that resemble hammered brass are associated
with (or portend) hair loss[10]. Short small beds are associated with heart disease[11].

Coloration of the nail bed:

Mee's lines are associated with arsenic or thallium poisoning, and renal failure. White lines across the nail are
associated with heart disease, liver disease, or a history of a recent high fever[12]. Opaque white nails with a dark
band at the fingertip are associated with cancer, cirrhosis, congestive heart failure, diabetes and aging[13]. Paleness or
whitening is associated with liver or kidney disease and anemia[14]. Yellowing of the nail bed is associated with
chronic bronchitis, lymphatic problems, diabetes, and liver disorders. Brown or copper nail beds are associated with



arsenic or copper poisoning, and local fungal infection. Grey nail beds are associated with arthritis, edema,
malnutrition, post-operative effects, glaucoma and cardio-pulmonary disease[15]. redness is associated with heart
conditions. dark nails are associated with B12 deficiency. Stains of the nail plate (not the nail bed) are associated with
nail polish[16], smoking, and henna use.

Markings:

Pink and white nails are associated with kidney disease[17]. Parallel white lines in the nails are associated with
hypoalbuminemia. red skin at the base of the nail is associated with connective tissue disorders[18]. blue lunulae are
associated with silver poisoning or lung disorder[19]. blue nail beds are (much like blue skin) associated with poor
oxygenation of the blood (asthma, emphysema, etc)[20]. small white patches are associated with zinc or calcium
deficiency or malabsorption, parasites, or local injury[21]. receded lunulae (fewer than 8) are associated with poor
circulation[22], shallow breathing habits or thyroid dysfunction[23]. large lunulae (more than 25% of the thumb nail)
is associated with high blood pressure.

Glands

Sudoriferous(Sweat Glands)

In humans, there are two kinds of sweat glands which
differ greatly in both the composition of the sweat and its
purpose: Also "click" here"How our body Sweats" (htt
p://health.howstuffworks.com/adam-200101.htm%7C)
to see a short movie on sweat glands.

Eccrine (a.k.a. merocrine)

Eccrine sweat glands are exocrine glands distributed
over the entire body surface but are particularly abundant
on the palms of hands, soles of feet, and on the forehead.
These produce sweat that is composed chiefly of water
(99%) with various salts. The primary function is body
temperature regulation.

Eccrine sweat glands are coiled tubular glands derived
leading directly to the most superficial layer of the
epidermis (outer layer of skin) but extending into the
inner layer of the skin (dermis layer). They are
distributed over almost the entire surface of the body in
humans and many other species but are lacking in some
marine and fur-bearing species. The sweat glands are
controlled by sympathetic cholinergic nerves which are
controlled by a center in the hypothalamus. The
hypothalamus senses core temperature directly, and also has input from temperature receptors in the skin and modifies
the sweat output, along with other thermoregulatory processes.

A diagrammatic sectional view of the skin (magnified).
Sweat gland labeled as "sudoriferous gland" at center right.

Human eccrine sweat is composed chiefly of water with various salts and organic compounds in solution. It contains
minute amounts of fatty materials, urea, and other wastes. The concentration of sodium varies from 35-65 mmol/l and
is lower in people acclimatized to a hot environment. The sweat of other species generally differs in composition.

Apocrine
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Apocrine sweat glands only develop during early- to mid-puberty (approximately age 15) and release more than
normal amounts of sweat for approximately a month and subsequently regulate and release normal amounts of sweat
after a certain period of time. Apocrine sweat glands produce sweat that contains fatty materials. These glands are
mainly present in the armpits and around the genital area and their activity is the main cause of sweat odor, due to the
bacteria that break down the organic compounds in the sweat from these glands. Emotional stress increases the
production of sweat from the apocrine glands, or more precisely: the sweat already present in the tubule is squeezed
out. Apocrine sweat glands essentially serve as scent glands.

In some areas of the body, these sweat glands are modified to produce wholly different secretions, including the
cerumen ("wax") of the outer ear. Other glands, such as Mammary glands, are greatly enlarged and modified to
produce milk.

Sebaceous Glands

The sebaceous glands are glands found in the skin of mammals. They secrete

i A an oily substance called sebum (Latin, meaning fat or tallow) that is made of fat

Ski““ﬁacaﬁf_g = ,:_f, (lipids) and the debris of dead fat-producing cells. These glands exist in humans

FaU P\ Tea o throughout the skin except in the palms of the hands and soles of the feet. Sebum

] N acts to protect and waterproof hair and skin, and keep them from becoming dry,
o Tl N brittle, and cracked. It can also inhibit the growth of microorganisms on skin.

S;};ﬁﬂs’"’f A Sebaceous glands can usually be found in hair-covered areas where they are

_ ] /,/ connected to hair follicles to deposit sebum on the hairs, and bring it to the skin

- surface along the hair shaft. The structure consisting of hair, hair follicle and

Schematic view of a hair follicle sebaceous gland is also known as pilosebaceous unit. Sebaceous glands are

with sebaceous gland. also found in non haired areas of lips, eyelids, penis, labia minora and nipples;

here the sebum reaches the surface through ducts. In the glands, sebum is
produced within specialized cells and is released as these cells burst; sebaceous
glands are thus classified as holocrine glands.

Sebum is odorless, but its bacterial breakdown can produce odors. Sebum is the cause of some people experiencing
"oily" hair if it is not washed for several days. Earwax is partly sebum, as is mucopurulent discharge, the dry
substance accumulating in the corners of the eye after sleeping.

The composition of sebum varies from species to
species; in humans, the lipid content consists of about
25% wax monoesters, 41% triglycerides, 16% free
fatty acids, and 12% squalene. -
The activity of the sebaceous glands increases during
puberty because of heightened levels of androgens.

Sebaceous glands are involved in skin problems such
as acne and keratosis pilaris. A blocked sebaceous
gland can result in a sebaceous cyst. The prescription
drug isotretinoin significantly reduces the amount of
sebum produced by the sebaceous glands, and is used
to treat acne. The extreme use (up to 10 times doctor
prescribed amounts) of anabolic steroids by
bodybuilders to prevent weight loss tend to stimulate
the sebaceous glands which can cause acne.

. A hair follicle with associated structures.
The sebaceous glands of a human fetus in utero secrete

a substance called Vernix caseosa, a "waxy" or
"cheesy" white substance coating the skin of newborns.
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The preputial glands of mice and rats are large modified sebaceous glands that produce pheromones.

Ceruminous glands

Wet-type human earwax on a
cotton swab.

Earwax, also known by the medical term cerumen, is a yellowish, waxy
substance secreted in the ear canal of humans and many other mammals. It plays
a vital role in the human ear canal, assisting in cleaning and lubrication, and also
provides some protection from bacteria, fungus, and insects. A comprehensive
review of the physiology and pathophysiology of cerumen can be found in
Roeser and Ballachanda. Excess or impacted cerumen can press against the
eardrum and/or occlude the external auditory canal and impair hearing.

Production, composition, and different types

Cerumen is produced in the outer third of the cartilaginous portion of the human
ear canal. It is a mixture of viscous secretions from sebaceous glands and less-
viscous ones from modified apocrine sweat glands.

Two distinct genetically determined types of earwax are distinguished -- the wet-
type which is dominant, and the dry type which is recessive. Asians and Native
Americans are more likely to have the dry type of cerumen (grey and flaky),
whereas Caucasians and Africans are more likely to have the wet type (honey-
brown to dark-brown and moist). Cerumen type has been used by
anthropologists to track human migratory patterns, such as those of the Inuit.

The difference in cerumen type has been tracked to a single base change (an single nucleotide polymorphism) in a
gene known as "ATP-binding cassette C11 gene". In addition to affecting cerumen type, this mutation also reduces
sweat production. The researchers conjecture that the reduction in sweat was beneficial to the ancestors of East Asians

and Native Americans who are thought to have lived in cold climates.

Function

Cleaning. Cleaning of the ear canal occurs as a result of the "conveyor belt"
process of epithelial migration, aided by jaw movement. Cells formed in the
center of the tympanic membrane migrate outwards from the umbo (at a rate
equivalent to that of fingernail growth) to the walls of the ear canal, and
accelerate towards the entrance of the ear canal. The cerumen in the canal is also
carried outwards, taking with it any dirt, dust, and particulate matter that may
have gathered in the canal. Jaw movement assists this process by dislodging
debris attached to the walls of the ear canal, increasing the likelihood of its
extrusion.

Lubrication. Lubrication prevents desiccation and itching of the skin within the
ear canal (known as asteatosis). The lubricative properties arise from the high
lipid content of the sebum produced by the sebaceous glands. In wet-type
cerumen at least, these lipids include cholesterol, squalene, and many long-chain
fatty acids and alcohols.

Antibacterial and antifungal roles. While studies conducted up until the 1960s
found little evidence supporting an antibacterial role for cerumen, more recent
studies have found that cerumen provides some bactericidal protection against
some strains of bacteria. Cerumen has been found to be effective in reducing the
viability of a wide range of bacteria (sometimes by up to 99%), including

Haemophilus influenzae, Staphylococcus aureus, and many variants of Escherichia coli. The growth of two fungi

Wet-type earwax fluoresces
weakly under ultraviolet light.
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commonly present in otomycosis was also significantly inhibited by human cerumen. These antimicrobial properties
are due principally to the presence of saturated fatty acids, lysozyme and, especially, to the relatively low pH of
cerumen (typically around 6.1 in normal individuals).

Mammary Glands

Mammary glands are the organs that, in the female mammal, produce milk for
the sustenance of the young. These exocrine glands are enlarged and modified
sweat glands and are the characteristic of mammals which gave the class its
name.
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Structure
duci

The basic components of the mammary gland are the alveoli (hollow cavities, a

Ealy tisave \ \i| few millimetres large) lined with milk-secreting epithelial cells and surrounded
snin—..i; by myoepithelial cells. These alveoli join up to form groups known as lobules,

and each lobule has a lactiferous duct that drains into openings in the nipple. The

Cross section of the breast of a myoepithelial cells can contract, similar to muscle cells, and thereby push the
human female. milk from the alveoli through the lactiferous ducts towards the nipple, where it

collects in widenings (sinuses) of the ducts. A suckling baby essentially squeezes
the milk out of these sinuses.

One distinguishes between a simple mammary gland, which consists of
all the milk-secreting tissue leading to a single lactiferous duct, and a
complex mammary gland, which consists of all the simple mammary
glands serving one nipple.

Humans normally have two complex mammary glands, one in each
breast, and each complex mammary gland consists of 10-20 simple
glands. (The presence of more than two nipples is known as polythelia
and the presence of more than two complex mammary glands as
polymastia.)

Also, "click" this;"Breast tissue" (http://health.howstuffworks.com/ada

Dissection of a lactating breast.
m-200040.htm%7C), to this a movie visual of the breast.

- Fat

- Lactiferous duct/lobule

- Lobule

- Connective tissue

- Sinus of lactiferous duct
- Lactiferous duct

Development and hormonal control

OOk WDN P

The development of mammary glands is controlled by hormones. The
mammary glands exist in both sexes, but they are rudimentary until
puberty when in response to ovarian hormones, they begin to develop in
the female. Click this [1] (http:/health.howstuffworks.com/adam-200042.htm)to see what breast tissue does in a
female during menstruation. Estrogen promotes formation, while testosterone inhibits it.

At the time of birth, the baby has lactiferous ducts but no alveoli. Little branching occurs before puberty when ovarian
estrogens stimulate branching differentiation of the ducts into spherical masses of cells that will become alveoli. True
secretory alveoli only develop in pregnancy, where rising levels of estrogen and progesterone cause further branching
and differentiation of the duct cells, together with an increase in adipose tissue and a richer blood flow.

Colostrum is secreted in late pregnancy and for the first few days after giving birth. True milk secretion (lactation)
begins a few days later due to a reduction in circulating progesterone and the presence of the hormone prolactin. The
suckling of the baby causes the release of the hormone oxytocin which stimulates contraction of the myoepithelial
cells.
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Breast cancer

As described above, the cells of mammary glands can easily be induced to grow and multiply by hormones. If this
growth runs out of control, cancer results. Almost all instances of breast cancer originate in the lobules or ducts of the
mammary glands.

Types of breast cancer

= DCIS: Ductal Carcinoma in Situ
= L CIS: Lobular Carcinoma in Situ
= Invasive ductal carcinoma

= |nvasive lobular carcinoma

= Inflammatory breast cancer

= Paget's disease

Lump Skin dimpling

- ||. e - l;:.-___._

Change in skin Change in how the

color or texture nipple looks, like
pulling in of the
nipple.

Clear or bloody fluid
that leaks out of
the nipple

Early Signs of Breast Cancer

Homeostasis

As a whole, the integumentary system plays a big part in maintaining homeostasis. The integumentary system is the
outermost organ system of the body and many of its functions are related to this location. The skin protects the body
against pathogens and chemicals, minimizes loss or entry of water, and blocks the harmful effects of sunlight. Sensory
receptors in the skin provide information about the external environment, helping the skin regulate body temperature
in response to environmental changes and helping the body react to pain and other tactile stimuli. The large surface
area of the skin makes it ideal for temperature regulation. The rate of heat loss can be regulated by the amount of
blood flowing through the blood vessels in the dermis close to the surface of the skin. When the body temperature
rises, as for example during exercise, sympathetic tone is reduced and this brings about dilation of the blood vessels
supplying the skin. The increase in skin blood flow allows heat to be lost more rapidly so that body temperature does
not rise above the normal homeostatic range. The rate of heat loss can also be boosted by the production of sweat,
which takes up additional heat as it evaporates. Conversely, if heat production is less than required, the dermal vessels
constrict, sweating stops, and heat is conserved by the body.
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Glossary

Areolar
Areolar connective tissue is a pliable, mesh-like tissue with a fluid matrix and functions to cushion
and protect body organs. It acts as a packaging tissue holding the internal organs together and in
correct placement.

Basal lamina (https:/len.wikipedia.org/wikiiBasement_membrane)
Basal lamina (often erroneously called basement membrane) is a layer on which epithelium sits.
This layer is composed of an electron-dense layer (lamina densa) between two electron-lucid layers
(lamina lucida), and is approximately 40-50 nm thick (with exceptions such as the 100-200 nm
glomerular basement membrane).

Dermis (https:/len.wikipedia.org/wiki/Dermis)
The dermis is the layer of skin beneath the epidermis that consists of connective tissue and
cushions the body from stress and strain. The dermis is tightly connected to the epidermis by a
basement membrane.

Epidermis (https:/len.wikipedia.org/wikilEpidermis_%28skin%29)
The epidermis is the outermost layer of the skin. It forms the waterproof, protective wrap over the
body's surface and is made up of stratified squamous epithelium with an underlying basal lamina.

Fibroblasts (https:/len.wikipedia.org/wiki/Fibroblasts)
A fibroblast is a cell that makes the structural fibers and ground substance of connective tissue.

Hair follicle (https:/len.wikipedia.org/wiki/Hair_follicle)
A hair follicle is part of the skin that grows hair by packing old cells together.

Hypodermis (https:/len.wikipedia.org/wikilHypodermis)
The hypodermis (also called the hypoderm), is the lowermost layer of the integumentary system in
vertebrates. It is derived from the mesoderm, but unlike the dermis, itis not derived from the
dermatome region of the mesoderm.

Impetigo
This is a superficial skin infection most common among children age 2—-6 years. People who play
close contact sports such as rugby, American football and wrestling are also susceptible, regardless
of age. The name derives from the Latin impetere ("assail"). It is also known as school sores.

Melanocytes (https:/len.wikipedia.org/wiki/Melanocyte)
These are cells located in the bottom layer of the skin's epidermis and in the middle layer of the eye,
the uvea. Through a process called melanogenesis, these cells produce melanin, a pigmentin the
skin, eyes, and hair.

Melanoma (https:/len.wikipedia.org/wiki/Melanoma)
A melanoma is a malignant tumor that originates in melanocytes. Itis a highly malignant form of skin
cancer, and, though rare, is responsible for the majority of skin cancer-related deaths.

Onychosis (https:/len.wikipedia.org/wiki/Onychosis)
Deformity or disease of the nails

Papillary (https:/len.wikipedia.orgl/wiki/Papillary)
The papillary layer is outermost and extends into the epidermis to supply it with vessels. Itis
composed of loosely arranged fibres. Papillary ridges make up the lines of the hands.

Recticular Layer (https:/len.wikipedia.org/wiki/Reticular_layer)
The reticular layer is more dense and is continuous with the hypodermis. It contains the bulk of the
structures (such as sweat glands). The reticular layer is composed of irregularly arranged fibres and
resists stretching.

For more fun pictures of other skin diseases and skin problems "click" to this cool website
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"Dermatology Image Database" (http://tray.dermatology.uiowa.edu/Home.html%7C). Note: From this
link then click "Clinical Skin Diseases Images".

Review Questions

Answers for these questions can be found here (https:/len.wikibooks.org/wikiiHuman_Physiology/
Appendix_1:_answers_to_review_questions#lntegumentary System)

1. Name all of the parts of the integumentary system.

2. Name the cells that produce melanin and describe its function.

3. Name and describe the importance of the cutaneous senses.

4. Explain how sweating helps maintain normal body temperature.

5. Explain where on the body hair has important functions and describe these functions.
6. What is a melanoma?

A) The outermost layer of skin

B) A type of nail disease

C) A malignant tumor that originates in melanocytes

D) The lower most layer of skin
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The Nervous System

The central nervous system includes the brain and spinal cord. The brain and spinal cord are protected by bony
structures, membranes, and fluid. The brain is held in the cranial cavity of the skull and it consists of the cerebrum,
cerebellum, and the brain stem. The nerves involved are cranial nerves and spinal nerves.
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Overview of the entire nervous system
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The nervous system is comprised of two major parts, or subdivisions, the central nervous system (CNS) and the
peripheral nervous system (PNS). The CNS includes the brain and spinal cord. The brain is the body's "control
center". The CNS has various centers located within it that carry out the sensory, motor and integration of data. These
centers can be subdivided to Lower Centers (including the spinal cord and brain stem) and Higher centers
communicating with the brain via effectors. The PNS is a vast network of spinal and cranial nerves that are linked to
the brain and the spinal cord. It contains sensory receptors which help in processing changes in the internal and
external environment. This information is sent to the CNS via afferent sensory nerves. The PNS is then subdivided
into the autonomic nervous system and the somatic nervous system. The autonomic has involuntary control of internal
organs, blood vessels, smooth and cardiac muscles. The somatic has voluntary control of skin, bones, joints, and
skeletal muscle. The two systems function together, by way of nerves from the PNS entering and becoming part of the
CNS, and vice versa.

General functions of the CNS

When the central nervous system becomes damaged or peripheral nerves become
trapped, it can increase or decrease your internal organs functionality, it can even
affect your facial expressions, i.e. make you frown a lot, your smile becomes
lopsided, your lungs can overwork, or underwork, the lung capacity is increased
or decreased, your bladder can fill , but you are unable to urinate, your bowels
become lapsed and you are unable to completely clear them upon each bowel
movement, the muscles in your arms, legs, and torso can become weaker and more
fatty, not from lack of use, but from the nerves that run from your spine into them
being restricted from working properly, you can suffer headaches, earaches, sore
throats, blocked sinuses. Even your ability to orgasm can be affected.

The central nervous system (CNS) CNS:

represents the largest part of the The "Central Nervous System",
nervous system, including the brain | comprised of the brain, brain stem, and
and the spinal cord. Together with spinal cord.

Brain, brain stem, and spinal

cord. the peripheral nervous system

(PNS), it has a fundamental role in the control of behavior.

The CNS is conceived as a system devoted to information processing, where an
appropriate motor output is computed as a response to a sensory input. Many threads of research suggest that motor
activity exists well before the maturation of the sensory systems, and senses only influence behavior without dictating
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it.

Structure and function of neurons

Structure

Neurons are highly specialized for the processing and transmission of cellular signals. Given the diversity of functions
performed by neurons in different parts of the nervous system, there is, as expected, a wide variety in the shape, size,
and electrochemical properties of neurons. For instance, the soma of a neuron can vary in size from 4 to 100
micrometers in diameter.

The soma (cell body) is the central part of the neuron. It contains the nucleus of the cell and therefore is where most
protein synthesis occurs. The nucleus ranges from 3 to 18 micrometers in diameter. The dendrites of a neuron are
cellular extensions with many branches, and metaphorically this overall shape and structure are referred to as a
dendritic tree. This is where the majority of input to the neuron occurs. However, information outflow (i.e. from
dendrites to other neurons) can also occur (except in chemical synapse in which backflow of impulse is inhibited by
the fact that axon does not possess chemoreceptors and dendrites cannot secrete neurotransmitter chemical). This
explains one-way conduction of nerve impulse. The axon is a finer, cable-like projection which can extend tens,
hundreds, or even tens of thousands of times the diameter of the soma in length. The axon carries nerve signals away
from the soma (and also carry some types of information back to it). Many neurons have only one axon, but this axon
may - and usually will - undergo extensive branching, enabling communication with many target cells. The part of the
axon where it emerges from the soma is called the 'axon hillock'. Besides being an anatomical structure, the axon
hillock is also the part of the neuron that has the greatest density of voltage-dependent sodium channels. This makes it
the most easily-excited part of the neuron and the spike initiation zone for the axon: in neurological terms, it has the
greatest hyperpolarized action potential threshold. While the axon and axon hillock are generally involved in
information outflow, this region can also receive input from other neurons as well. The axon terminal is a specialized
structure at the end of the axon that is used to release neurotransmitter chemicals and communicate with target
neurons. Although the canonical view of the neuron attributes dedicated functions to its various anatomical
components, dendrites and axons often act in ways contrary to their so-called main function.

Axons and dendrites in the central nervous system are typically only about a micrometer thick, while some in the
peripheral nervous system are much thicker. The soma is usually about 10-25 micrometers in diameter and often is not
much larger than the cell nucleus it contains. The longest axon of a human motor neuron can be over a meter long,
reaching from the base of the spine to the toes. Sensory neurons have axons that run from the toes to the dorsal
columns, over 1.5 meters in adults. Giraffes have single axons several meters in length running along the entire length
of their necks. Much of what is known about axonal function comes from studying the squids' giant axon, an ideal
experimental preparation because of its relatively immense size (0.5—1 millimeter thick, several centimeters long).

Function

Sensory afferent neurons convey information from tissues and organs into the central nervous system. Efferent
neurons transmit signals from the central nervous system to the effector cells and are sometimes called motor neurons.
Interneurons connect neurons within specific regions of the central nervous system. Afferent and efferent can also
refer generally to neurons which, respectively, bring information to or send information from the brain region.

Classification by action on other neurons

Excitatory neurons excite their target postsynaptic neurons or target cells causing it to function. Motor neurons and
somatic neurons are all excitatory neurons. Excitatory neurons in the brain are often glutamatergic. Spinal motor
neurons, which synapse on muscle cells, use acetylcholine as their neurotransmitter. Inhibitory neurons inhibit their
target neurons. Inhibitory neurons are also known as short axon neurons, interneurons The output of some brain
structures (neostriatum, globus pallidus, cerebellum) are inhibitory. The primary inhibitory neurotransmitters are



GABA and glycine. Modulatory neurons evoke more complex effects termed neuromodulation. These neurons use
such neurotransmitters as dopamine, acetylcholine, serotonin and others. Each synapses can receive both excitatory
and inhibitory signals and the outcome is determined by the adding up of summation.

Excitatory and inhibitory process

The release of an excitatory neurotransmitter (e.g. glutamate) at
the synapses will cause an inflow of positively charged sodium
ions (Na+) making a localized depolarization of the membrane.
The current then flows to the resting (polarized) segment of the
axon.

Inhibitory synapse causes an inflow of Cl- (chlorine) or outflow
of K+ (potassium) making the synaptic membrane
hyperpolarized. This increase prevents depolarization, causing a
decrease in the possibility of an axon discharge. If they are both
equal to their charges, then the operation will cancel itself out.
This effect is referred to as summation. Nerve Synapse

There are two types of summation: spatial and temporal. Spatial

summation requires several excitatory synapses (firing several times) to add up, thus causing an axon discharge. It also
occurs within inhibitory synapses, where just the opposite will occur. In temporal summation, it causes an increase of
the frequency at the same synapses until it is large enough to cause a discharge. Spatial and temporal summation can
occur at the same time as well.

The neurons of the brain release inhibitory neurotransmitters far more than excitatory neurotransmitters, which helps
explain why we are not aware of all memories and all sensory stimuli simultaneously. The majority of information
stored in the brain is inhibited most of the time.

Summation

When excitatory synapses exceed the number of inhibitory synapses there are, then the excitatory synapses will
prevail over the other. The same goes with inhibitory synapses, if there are more inhibitory synapses than excitatory,
the synapses will be inhibited. To determine all of this is called summation.

Classification by discharge patterns:

Neurons can be classified according to their electrophysiological characteristics (note that a single action potential is
not enough to move a large muscle, and instead will cause a twitch).

Tonic or regular spiking: Some neurons are typically constantly (or tonically) active. Example: interneurons in the
neostriatum.

Phasic or bursting: Neurons that fire in bursts is called phasic.

Fast spiking: Some neurons are notable for their fast firing rates. For example, some types of cortical inhibitory
interneurons, cells in globus pallidus.

Thin-spike: Action potentials of some neurons are more narrow compared to the others. For example, interneurons in
the prefrontal cortex are thin-spike neurons.

Classification by neurotransmitter released:

Some examples are cholinergic, GABAergic, glutamatergic and dopaminergic neurons.
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Central Nervous System

The central nervous system is the control center for the body. It regulates organ function, higher thought, and
movement of the body. The central nervous system consists of the brain and spinal cord.

Generation & propagation of an action potential
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The Nerve Impulse

When a nerve is stimulated the resting potential changes. Examples of such stimuli are
pressure, electricity, chemicals, etc. Different neurons are sensitive to different
stimuli(although most can register pain). The stimulus causes sodium ion channels to ?e%e%
open. The rapid change in polarity that moves along the nerve fiber is called the
"action potential." In order for an action potential to occur, it must reach threshold. If
threshold does not occur, then no action potential can occur. This moving change in
polarity has several stages: animated action potential

. 20 " B8 0
L]

Depolarization
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The upswing is caused when positively charged sodium ions (Na+) suddenly rush through open
sodium gates into a nerve cell. The membrane potential of the stimulated cell undergoes a localized
change from -55 millivolts to 0 in a limited area. As additional sodium rushes in, the membrane
potential actually reverses its polarity so that the outside of the membrane is negative relative to the
inside. During this change of polarity the membrane actually develops a positive value for a
moment(+30 millivolts). The change in voltage stimulates the opening of additional sodium
channels (called a voltage-gated ion channel). This is an example of a positive feedback loop.
Repolarization
The downswing is caused by the closing of sodium ion channels and the opening of potassium ion
channels. Release of positively charged potassium ions (K+) from the nerve cell when potassium
gates open. Again, these are opened in response to the positive voltage--they are voltage gated.
This expulsion acts to restore the localized negative membrane potential of the cell (about -65 or -70
mV is typical for nerves).

Hyperpolarization a ______ ¢ u I

When the potassium ions are below resting potential (-90 mV). Since the cell i
is hyper polarized, it goes to a refractory phrase.

Refractory phase sodium potassium pump

The refractory period is a short period of time after the

depolarization stage. Shortly after the sodium gates open, they

close and go into an inactive conformation. The sodium gates cannot be opened again until the
membrane is repolarized to its normal resting potential. The sodium-potassium pump returns
sodium ions to the outside and potassium ions to the inside. During the refractory phase this
particular area of the nerve cell membrane cannot be depolarized. This refractory area explains why
action potentials can only move forward from the point of stimulation.

Factors that affect sensitivity and speed

Sensitivity
Increased permeability of the sodium channel occurs when there is a deficit of calcium ions. When
there is a deficit of calcium ions (Ca+2) in the interstitial fluid, the sodium channels are activated
(opened) by very little increase of the membrane potential above the normal resting level. The nerve
fiber can therefore fire off action potentials spontaneously, resulting in tetany. This could be caused
by the lack of hormone from parathyroid glands. It could also be caused by hyperventilation, which
leads to a higher pH, which causes calcium to bind and become unavailable.

Speed of Conduction
This area of depolarization/repolarization/recovery moves along a nerve fiber like a very fast wave.
In myelinated fibers, conduction is hundreds of times faster because the action potential only occurs
at the nodes of Ranvier (pictured below in 'types of neurons') by jumping from node to node. This is
called "saltatory" conduction. Damage to the myelin sheath by the disease can cause severe
impairment of nerve cell function. Some poisons and drugs interfere with nerve impulses by
blocking sodium channels in nerves. See discussion on drug at the end of this outline.

Brain

The brain is found in the cranial cavity. Within it are found the higher nerve centers responsible for coordinating the
sensory and motor systems of the body (forebrain). The brain stem houses the lower nerve centers (consisting of
midbrain, pons, and medulla),

Medulla

The medulla is the control center for respiratory, cardiovascular and digestive functions.
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Pons

Parietal
The pons houses the control Lobe
centers for respiration and
inhibitory functions. Here it
will  interact with  the
cerebellum.

Frontal
Lobe

Cerebrum

The cerebrum, or top portion
of the brain, is divided by a
deep crevice, called the
longitudinal ~ sulcus.  The
longitudinal sulcus separates Cerel
the cerebrum in to the right
and left hemispheres. In the
hemispheres you will find the
cerebral cortex, basal ganglia
and the limbic system. The two hemispheres are connected by a bundle of nerve fibers called the corpus callosum.
The right hemisphere is responsible for the left side of the body while the opposite is true of the left hemisphere. Each
of the two hemispheres are divided into four separated lobes: the frontal in control of specialized motor control,
learning, planning and speech; parietal in control of somatic sensory functions; occipital in control of vision; and
temporal lobes which consists of hearing centers and some speech. Located deep to the temporal lobe of the cerebrum
is the insula.

Temporal

Lobe

A color-coded image of the brain, showing the main sections.

Cerebellum

The cerebellum is the part of the brain that is located posterior to the medulla oblongata and pons. It coordinates
skeletal muscles to produce smooth, graceful motions. The cerebellum receives information from our eyes, ears,
muscles, and joints about what position our body is currently in (proprioception). It also receives output from the
cerebral cortex about where these parts should be. After processing this information, the cerebellum sends motor
impulses from the brain stem to the skeletal muscles. The main function of the cerebellum is coordination. The
cerebellum is also responsible for balance and posture. It also assists us when we are learning a new motor skill, such
as playing a sport or musical instrument. Recent research shows that apart from motor functions cerebellum also has
some emotional role.

The Limbic System and Higher Mental Functions

The Limbic System

The Limbic System is a complex set of structures found just beneath the cerebrum and on both sides of the thalamus.
It combines higher mental functions, and primitive emotion, into one system. It is often referred to as the emotional
nervous system. It is not only responsible for our emotional lives, but also our higher mental functions, such as
learning and formation of memories. The Limbic system explains why some things seem so pleasurable to us, such as
eating and why some medical conditions are caused by mental stress, such as high blood pressure. There are two
significant structures within the limbic system and several smaller structures that are important as well. They are:

1. The Hippocampus
2. The Amygdala
3. The Thalamus
4. The Hypothalamus
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5. The Fornix and Parahippocampus
6. The Cingulate Gyrus

Structures of the Limbic System

Hippocampus

The Hippocampus is found deep in the temporal lobe, shaped like
a seahorse. It consists of two horns that curve back from the
amygdala. Itis situated in the brain so as to make the prefrontal
area aware of our past experiences stored in that area. The
prefrontal area of the brain consults this structure to use memories
to modify our behavior. The hippocampus is a primary contributor

to memory. Image of the brain, showing the

Limbic system.
Amygdala

The Amygdala is a little almond shaped structure, deep inside the anteroinferior region of the
temporal lobe, that connects with the hippocampus, the septi nuclei, the prefrontal area and the
medial dorsal nucleus of the thalamus. These connections make it possible for the amygdala to play
its important role on the mediation and control of such activities and feelings as love, friendship,
affection, and expression of mood. The amygdala is the center for identification of danger and is
fundamental for self preservation. The amygdala is the nucleus responsible for fear.

Thalamus

Lesions or stimulation of the medial, dorsal, and anterior nuclei of the thalamus are associated with
changes in emotional reactivity. However, the importance of these nuclei on the regulation of
emotional behavior is not due to the thalamus itself, but to the connections of these nuclei with other
limbic system structures. The medial dorsal nucleus makes connections with cortical zones of the
prefrontal area and with the hypothalamus. The anterior nuclei connect with the mamillary bodies
and through them, via fornix, with the hippocampus and the cingulated gyrus, thus taking partin
what is known as the Papez's circuit.

Hypothalamus

The Hypothalamus is a small part of the brain located just
below the thalamus on both sides of the third ventricle.
Lesions of the hypothalamus interfere with several vegetative
functions and some so called motivated behaviors like
sexuality, combativeness, and hunger. The hypothalamus
also plays a role in emotion. Specifically, the lateral parts
seem to be involved with pleasure and rage, while the medial
partis linked to aversion, displeasure, and a tendency to
uncontrollable and loud laughing. However, in general the
hypothalamus has more to do with the expression of
emotions. When the physical symptoms of emotion appear,
the threat they pose returns, via the hypothalamus, to the

limbic centers and then the prefrontal nuclei, increasing Image of the brain showing the location
anxiety. of the hypothalamus.

The Fornix and Parahippocampal

These small structures are important connecting pathways for the limbic system.
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The Cingulate Gyrus

The Cingulate Gyrus is located in the medial side of the brain between the cingulated sulcus and
the corpus callosum. There is still much to be learned about this gyrus, but it is already known that
its frontal part coordinates smells and sights, with pleasant memories of previous emotions. The
region participates in the emotional reaction to pain and in the regulation of aggressive behavior.

Memory and Learning

Memory is defined as : The mental faculty of retaining and recalling past experiences, the act or instance of
remembering recollection. Learning takes place when we retain and utilize past memories.

Overall, the mechanisms of memory are not completely understood. Brain areas such as the hippocampus, the
amygdala, the striatum, or the mammillary bodies are thought to be involved in specific types of memory. For
example, the hippocampus is believed to be involved in spatial learning and declarative learning (learning information
such as what you're reading now), while the amygdala is thought to be involved in emotional memory. Damage to
certain areas in patients and animal models and subsequent memory deficits is a primary source of information.
However, rather than implicating a specific area, it could be that damage to adjacent areas, or to a pathway traveling
through the area is actually responsible for the observed deficit. Further, it is not sufficient to describe memory, and its
counterpart, learning, as solely dependent on specific brain regions. Learning and memory are attributed to changes in
neuronal synapses, thought to be mediated by long-term potentiation and long-term depression.

There are three basic types of memory:

1. Sensory Memory
2. Short Term Memory
3. Long Term Memory

Sensory Memory

The sensory memories act as a buffer for stimuli through senses. A sensory memory retains an
exact copy of what is seen or heard: iconic memory for visual, echoic memory for aural and haptic
memory for touch. Information is passed from sensory memory into short term memory. Some
believe it lasts only 300 milliseconds, it has unlimited capacity. Selective attention determines what
information moves from sensory memory to short term memory.

Short Term Memory

Short Term Memory acts as a scratch pad for temporary recall of the information under process. For
instance, in order to understand this sentence you need to hold in your mind the beginning of the
sentence as you read the rest. Short term memory decays rapidly and also has a limited capacity.
Chunking of information can lead to an increase in the short term memory capacity, this is the
reason why a hyphenated phone number is easier to remember than a single long number. The
successful formation of a chunk is known as closure. Interference often causes disturbance in short
term memory retention. This accounts for the desire to complete a task held in short term memory as
soon as possible.

Within short term memory there are three basic operations:

1. Iconic memory - the ability to hold visual images
2. Acoustic memory - the ability to hold sounds. Can be held longer than iconic.

3. Working memory - an active attentional process to keep it until itis put to use. Note that the goal is not
really to move the information from short term memory to long term memory, but merely to putitto



immediate use.

The process of transferring information from short term to long term memory involves the encoding or consolidation
of information. This is not a function of time, that is, the longer the memory stays in the short term the more likely it is
to be placed in the long term memory. On organizing complex information in short term before it can be encoded into
the long term memory, in this process the meaningfulness or emotional content of an item may play a greater role in its
retention in the long term memory. The limbic system sets up local reverberating circuits such as the Papez's Circuit.

Long Term Memory

Long Term Memory is used for storage of information over a long time. Information from short to long
term memory is transferred after a short period. Unlike short term memory, long term memory has
little decay. Long term potential is an enhanced response at the synapse within the hippocampus. It
is essential to memory storage. The limbic system isn't directly involved in long term memory
necessarily but it selects them from short term memory, consolidates these memories by playing
them like a continuous tape, and involves the hippocampus and amygdala.

There are two types of long term memory:

1. Episodic Memory
2. Semantic Memory

Episodic memory represents our memory of events and experiences in a serial form. It is from this memory that we
can reconstruct the actual events that took place at a given point in our lives. Semantic memory, on the other hand, is a
structured record of facts, concepts, and skills that we have acquired. The information in the semantic memory is
derived from our own episode memory, such as that we can learn new facts or concepts from experiences.

There are three main activities that are related to long term memory:

1. Storage
2. Deletion
3. Retrieval

Information for short term memory is stored in long term memory by rehearsal. The repeated exposure to a stimulus or
the rehearsal of a piece of information transfers it into long term memory. Experiments also suggest that learning is
most effective if it is distributed over time. Deletion is mainly caused by decay and interference. Emotional factors also
affect long term memory. However, it is debatable whether we actually ever forget anything or whether it just
sometimes becomes increasingly difficult to retrieve it. Information may not be recalled sometimes but may be
recognized, or may be recalled only with prompting. This leads us to the third operation of memory, information
retrieval.

There are two types of information retrieval:

1. Recall
2. Recognition

In recall, the information is reproduced from memory. In recognition the presentation of the information provides the
knowledge that the information has been seen before. Recognition is of lesser complexity, as the information is
provided as a cue. However, the recall may be assisted by the provision of retrieval cues which enable the subject to
quickly access the information in memory.

Long-term Potentiation



Long-term potentiation (LTP) is the lasting enhancement of connections between two neurons that results from
stimulating them simultaneously. Since neurons communicate via chemical synapses, and because memories are
believed to be stored by virtue of patterns of activation of these synapses, LTP and its opposing process, long-term
depression, are widely considered the major cellular mechanisms that underlie learning and memory. This has been
proven by lab experiments. When one of the chemicals involved (PKMzeta, it will be discussed later) is inhibited in
rats, it causes retrograde amnesia with short term memory left intact (meaning they can't recall events from before the
inhibitor was given).

By enhancing synaptic transmission, LTP improves the ability of two neurons, one presynaptic and the other
postsynaptic, to communicate with one another across a synapse. The precise mechanism for this enhancement isn't
known, but it varies based on things like brain region, age and species. This will focus on LTP in the CA1 section of
the hippocampus, because that's what is well known.

The end result of LTP is a well established neural circuit that can be called upon later for memory.

LTP in the CA1 hippocampus is called NMDA receptor-dependent LTP. It has four main properties.

Rapid induction

LTP can be rapidly induced by applying one or more brief, high-frequency, stimulus to a presynaptic
cell.

Input specificity

Once induced, LTP at one synapse does not spread to other synapses; rather LTP is input specific.
LTP is only propagated to those synapses according to the rules of associativity and cooperativity.

Associativity

Associativity refers to the observation that when weak stimulation of a single pathway is insufficient
for the induction of LTP, simultaneous strong stimulation of another pathway will induce LTP at both
pathways.

Cooperativity

LTP can be induced either by strong tetanic stimulation of a single pathway to a synapse, or
cooperatively via the weaker stimulation of many. When one pathway into a synapse is stimulated
weakly, it produces insufficient postsynaptic depolarization to induce LTP. In contrast, when weak
stimuli are applied to many pathways that converge on a single patch of postsynaptic membrane,
the individual postsynaptic depolarizations generated may collectively depolarize the postsynaptic
cell enough to induce LTP cooperatively. Synaptic tagging, discussed later, may be a common
mechanism underlying associativity and cooperativity.

LTP is generally divided into three parts that occur sequentially: Short-term potentiation, early LTP (E-LTP) and late
LTP (L-LTP). Short-term potentiation isn't well understood and will not be discussed.

E-LTP and L-LTP phases of LTP are each characterized by a series of three events: induction, maintenance and
expression. Induction happens when a short-lived signal triggers that phase to begin. Maintenance corresponds to the
persistent biochemical changes that occur in response to the induction of that phase. Expression entails the long-lasting
cellular changes that result from activation of the maintenance signal.

Each phase of LTP has a set of mediator molecules that dictate the events of that phase. These molecules include
protein receptors, enzymes, and signaling molecules that allow progression from one phase to the next. In addition to
mediators, there are modulator molecules that interact with mediators to fine tune the LTP. Modulators are a bit
beyond the scope of this introductory book, and won't be discussed here.

Early Phase



Induction

E-LTP induction begins when the calcium inside the postsynaptic cell exceeds a threshold. In many types of LTP, the
flow of calcium into the cell requires the NMDA receptor, which is why these types of LTP are considered NMDA
receptor-dependent.

When a stimulus is applied to the presynaptic neuron, it releases a neurotransmitter, typically glutamate, onto the
postsynaptic cell membrane where it binds to AMPA receptors, or AMPARs. This causes an influx of sodium ions
into the postsynaptic cell, this short lived depolarization is called the excitatory postsynaptic potential (EPSP) and
makes it easier for the neuron to fire an action potential.

A single stimulus doesn't cause a big enough depolarization to trigger an E-LTP, instead it relies on EPSP summation.
If EPSPs are reaching the cell before the others decay, they will add up. When the depolarization reaches a critical
level, NMDA receptors lose the magnesium molecule they were originally plugged with and let calcium in. The rapid
rise in calcium within the postsynaptic neuron trigger the short lasting activation of several enzymes that mediate E-
LTP induction. Of particular importance are some protein kinase enzymes, including CaMKII and PKC. To a lesser
extent, PKA and MAPK activation also contribute.

Maintenance

During the maintenance stage of E-LTP, CaMKII and PKC lose their dependence on calcium and become
autonomously active. They then carry out phosphorylation that underlies E-LTP expression.

Expression

CaMKII and PKC phosphorylate existing AMPA receptors to increase their activity, and mediate the insertion of
additional AMPA receptors onto the postsynaptic cell membrane. This is achieved by having a pool of nonsynaptic
AMPA receptors adjacent to the postsynaptic membrane. When the appropriate stimulus arrives, the nonsynaptic
AMPA receptors are brought into the postsynaptic membrane under the influence of protein kinases.

AMPA receptors are one of the most common type of receptors in the brain. Their effect is excitatory. By adding more
AMPA receptors, and increasing their activity, future stimuli will generate larger postsynaptic responses.

Late Phase

Late LTP is the natural extension of E-LTP. L-LTP requires gene transcription and protein synthesis in the
postsynaptic cell, unlike E-LTP. Late LTP is also associated with the presynaptic synthesis of synaptotagmin and an
increase in synaptic vesicle number, suggesting that L-LTP induces protein synthesis not only in postsynaptic cells,
but in presynaptic cells as well. This is discussed under "retrograde messenger" below.

Induction

Late LTP is induced by changes in gene expression and protein synthesis brought about by persistent activation of
protein kinases activated during E-LTP, such as MAPK. In fact, MAPK--Specifically the ERK subfamily of MAPKs-
-may be the molecular link between E-LTP and L-LTP, since many signaling cascades involved in E-LTP, including
CaMKII and PKC, can converge on ERK.

Maintenance

Upon activation, ERK may phosphorylate a number of cytoplasmic and nuclear molecules that ultimately result in the
protein synthesis and morphological changes associated with L-LTP. These chemicals may include transcription
factors such as CREB. ERK-mediated changes in transcription factor activity may trigger the synthesis of proteins that
underlie the maintenance of L-LTP. PKMzeta is one such molecule. When this molecule is inhibited in rats, they
experience retrograde amnesia (where you can't recall previous events but short term memory works fine).

Expression



Aside from PKMzeta, many of the proteins synthesized during L-LTP are unknown. They are though to increase
postsynaptic dendritic spine number, surface area and sensitivity to the neurotransmitter associated with L-LTP
expression.

Retrograde Signaling

Retrograde signaling is a hypothesis that attempts to explain that, while LTP is induced and expressed
postsynaptically, some evidence suggests that it is expressed presynaptically as well. The hypothesis gets its name
because normal synaptic transmission is directional and proceeds from the presynaptic to the postsynaptic cell. For
induction to occur postsynaptically and be partially expressed presynaptically, a message must travel from the
postsynaptic cell to the presynaptic cell in a retrograde (reverse) direction. Once there, the message presumably
initiates a cascade of events that leads to a presynaptic component of expression, such as the increased probability of
neurotransmitter vesicle release.

Retrograde signaling is currently a contentious subject as some investigators do not believe the presynaptic cell
contributes at all to the expression of LTP. Even among proponents of the hypothesis there is controversy over the
identity of the messenger.

Language and Speech

Language depends on semantic memory so some of the same areas in the brain are involved in both memory and
language. Articulation, the forming of speech, is represented bilaterally in the motor areas. However, for most
individuals, language analysis and speech formation take place in regions of the left hemisphere only. The two major
cortical regions involved are:

1. Broca's Area
2. Wernicke's Area

Broca's area is located just in front of the voice control area of the left motor cortex. This region assembles the motor
sequencing of language, speech and writing. For example, patients with lesions in this area:

1. Are unable to understand language perfectly: they are typically able to understand nouns better than
verbs or syntactical words and fragments

2. May not be able to write clearly
3. Usually speak in fragmented phrases and sentences, often with effort

Wernicke's area is part of the auditory and visual associations cortex. This region is responsible for the analysis and
formation of language content. For example, patients with lesions in this area:

1. Have difficulty naming objects
2. Have difficulty understand the meaning of words
3. Articulate speech readily but often with distorted or unintelligible meaning

Diseases of the Limbic System

There are several well known diseases that are disorders of the limbic system. Several are discussed here.

Schizophrenia

An increased dopamine (DA) response in the limbic system results in schizophrenia. DA may be synthesized or
secreted in excess, DA receptors may be supersensitive, and DA regulatory mechanism may be defective. Symptoms
are decreased by drugs which block DA receptors. Symptoms of schizophrenia are:

1. Loss of touch with reality



2. Decreased ability to think and reason
3. Decreased ability to concentrate

4. Decreased memory

5. Regress in child-like behavior

6. Altered mood and impulsive behavior
7. Auditory hallucinations

Symptoms may be so severe that the individual cannot function.

Depression

Depression is the most common major mental illness and is characterized by both emotional and physical symptoms.
Symptoms of depression are:

1. Intense sadness and despair

2. Anxiety

3. Loss of ability to concentrate

4. Pessimism

5. Feelings of low self esteem

6. Insomnia or hypersomnia

7. Increased or decreased appetite

8. Changes in body temperature and endocrine gland function

10 to 15% of depressed individuals display suicidal behavior during their lifetime.

The cause of depression and its symptoms are a mystery but we do understand that it is an illness associated with
biochemical changes in the brain. A lot of research goes on to explain that it is associated with a lack of amines
serotonin and norephinephrine. Therefore pharmacological treatment strategies often try to increase amine
concentrations in the brain.

One class of antidepressants is monoamine oxidase inhibitors. Mono amine oxidase is an enzyme that breaks down
your amines like norephinephrine and serotonin. Because the antidepressants inhibit their degradation they will remain
in the synaptic cleft for a longer period of time making the effect just as if you had increased these types of
neurotransmitters.

A newer class of antidepressants is selective serotonin reuptake inhibitors (SSRI's). With SSRI's decreasing the uptake
of serotonin back into the cell that will increase the amount of serotonin present in the synaptic cleft. SSRI's are more
specific than the monoamine oxidase inhibitors because they only affect serotonergic synapses. You might recognize
these SSRI's by name as Prozac and Paxil.

Bipolar Disorder

Another common form of depression is manic depression. Mania is an acute state characterized by:

1. Excessive elation and impaired judgment
2. Insomnia and irritability

3. Hyperactivity

4. Uncontrolled speech

Manic depression, also known as bipolar disorder, displays mood swings between mania and depression. The limbic
system receptors are unregulated. Drugs used are unique mood stabilizers.



The hippocampus is particularly vulnerable to several disease processes, including ischemia, which is any obstruction
of blood flow or oxygen deprivation, Alzheimer’s disease, and epilepsy. These diseases selectively attack CA1, which
effectively cuts through the hippocampal circuit.

An Autism Link

A connection between autism and the limbic system has also been noted as well. URL:
http://www.autism.org/limbic.html

Case Study
Central Pain Syndrome

I was 42 years old when my life changed forever. I had a stroke. As an avid viewer of medical programs on television
I assumed that I would have physical therapy for my paralyzed left side and get on with my life. No one ever
mentioned pain or the possibility of pain, as a result of the stroke. I did experience unusual sensitivity to touch while
still in the hospital, but nothing to prepare me for what was to come.

The part of my brain that is damaged is the Thalamus. This turns out to be the pain center and what I have now is an
out of control Thalamus, resulting in Thalamic Pain syndrome, also called Central Pain Syndrome. This means that 24
hours a day, seven days a week, my brain sends messages of pain and it never goes away. I am under the care of
physicians, who not only understand chronic pain, but are also willing to treat it with whatever medications offer some
help. None of the medications, not even narcotic medications, take the pain away. They just allow me to manage it so
I can function.

The Peripheral Nervous System

The peripheral nervous system includes 12 cranial nerves 31 pairs of
spinal nerves. It can be subdivided into the somatic and autonomic
systems. It is a way of communication from the central nervous system
to the rest of the body by nerve impulses that regulate the functions of
the human body.

The twelve cranial nerves are

| Olfactory Nerve for smell

Il Optic Nerve for vision

Il Oculomotor for looking around

IV Trochlear for moving eye

V Trigeminal for feeling touch on face

VI Abducens to move eye muscles

VIl Facial to smile, wink, and help us taste

VIl Vestibulocochlear to help with balance, equilibrium,
and hearing

IX Glossopharyngeal for swallowing and gagging

X Vagus for swallowing, talking, and parasympathetic actions of digestion
XI Spinal accessory for shrugging shoulders

XlIl Hypoglossal for tongue more divided into different regions as muscles

The Cranial Nerves

10 out of the 12 cranial nerves originate from the brain stem (I and II are in the cerebrum), and mainly control the
functions of the anatomic structures of the head with some exceptions. CN X receives visceral sensory information
from the thorax and abdomen, and CN XI is responsible for innervating the sternocleidomastoid and trapezius
muscles, neither of which is exclusively in the head.
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Spinal nerves take their origins from the spinal cord. They control the functions of the rest of the body. In humans,
there are 31 pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lumbar, 5 sacral and 1 coccygeal. The naming convention
for spinal nerves is to name it after the vertebra immediately above it. Thus the fourth thoracic nerve originates just
below the fourth thoracic vertebra. This convention breaks down in the cervical spine. The first spinal nerve originates
above the first cervical vertebra and is called C1. This continues down to the last cervical spinal nerve, C8. There are
only 7 cervical vertebrae and 8 cervical spinal nerves.

Lateral cord
The lateral cord gives rise to the following nerves:
= The lateral pectoral nerve, C5, C6 and C7 to the pectoralis major muscle, or musculus pectoralis
major.
= The musculocutaneous nerve which innervates the biceps muscle
= The median nerve, partly. The other part comes from the medial cord. See below for details.

Posterior cord

The posterior cord gives rise to the following nerves:

Thoracal

™ = The upper subscapular nerve, C7 and C8, to the
subscapularis muscle, or musculus supca of the rotator
cuff.

= The lower subscapular nerve, C5 and C6, to the teres
major muscle, or the musculus teres major, also of the
rotator cuff.

= The thoracodorsal nerve, C6, C7 and C8, to the latissimus
dorsi muscle, or musculus latissimus dorsi.

= The axillary nerve, which supplies sensation to the
shoulder and motor to the deltoid muscle or musculus
deltoideus, and the teres minor muscle, or musculus teres
minor.

= The radial nerve, or nervus radialis, which innervates the
Lumbal Sacral triceps brachii muscle, the brachioradialis muscle, or
musculus brachioradialis,, the extensor muscles of the
fingers and wrist (extensor carpi radialis muscle), and the
extensor and abductor muscles of the thumb. See radial
nerve injuries.

Cervical
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. . . _ Medial cord
diagram showing human dermatoms, i.e., skin

regions with respect to the routing of their nerve
connection of their afferent nerves through the
spinal cord.

The medial cord gives rise to the following nerves:

= The median pectoral nerve, C8 and T1, to the pectoralis
muscle

= The medial brachial cutaneous nerve, T1

= The medial antebrachial cutaneous nerve, C8 and T1

= The median nerve, partly. The other part comes from the lateral cord. C7, C8 and T1 nerve roots. The
first branch of the median nerve is to the pronator teres muscle, then the flexor carpi radialis, the
palmaris longus and the flexor digitorum superficialis. The median nerve provides sensation to the

anterior palm, the anterior thumb, index finger and middle finger. It is the nerve compressed in carpal
tunnel syndrome.
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= The ulnar nerve originates in nerve roots C7, C8 and T1. It provides sensation to the ring and pinky
fingers. It innervates the flexor carpi ulnaris muscle, the flexor digitorum profundus muscle to the ring
and pinky fingers, and the intrinsic muscles of the hand (the interosseous muscle, the lumbrical
muscles and the flexor pollicus brevis muscle). This nerve traverses a groove on the elbow called the
cubital tunnel, also known as the funny bone. Striking the nerve at this point produces an unpleasant
sensation in the ring and little fingers.

Other thoracic spinal nerves (T3-T12)

The remainder of the thoracic spinal nerves, T3 through T12, do little recombining. They form the intercostal nerves,
so named because they run between the ribs. For points of reference, the 7th intercostal nerve terminates at the lower
end of the sternum, also known as the xyphoid process. The 10th intercostal nerve terminates at the umbilicus, or the
belly button.

The somatic nervous system is that part of the peripheral nervous system associated with the voluntary control of
body movements through the action of skeletal muscles, and also reception of external stimuli. The somatic nervous
system consists of afferent fibers that receive information from external sources, and efferent fibers that are responsible
for muscle contraction. The somatic system includes the pathways from the skin and skeletal muscles to the Central
Nervous System. It is also described as involved with activities that involve consciousness.

The basic route of the efferent somatic nervous system includes a two neuron sequence. The first is the upper motor
neuron, whose cell body is located in the precentral gyrus (Brodman Area 4) of the brain. It receives stimuli from this
area to control skeletal (voluntary) muscle. The upper motor neuron carries this stimulus down the corticospinal tract
and synapses in the ventral horn of the spinal cord with the alpha motor neuron, a lower motor neuron. The upper
motor neuron releases acetylcholine from its axon terminal knobs and these are received by nicotinic receptors on the
alpha motor neuron. The alpha motor neurons cell body sends the stimulus down its axon via the ventral root of the
spinal cord and proceeds to its neuromuscular junction of its skeletal muscle. There, it releases acetylcholine from its
axon terminal knobs to the muscles nicotinic receptors, resulting in stimulus to contract the muscle.

The somatic system includes all the neurons connected with the muscles, sense organs and skin. It deals with sensory
information and controls the movement of the body.

The Autonomic System

The Autonomic system deals with the visceral organs, like the heart, stomach, gland, and the intestines. It regulates
systems that are unconsciously carried out to keep our body alive and well, such as breathing, digestion (peristalsis),
and regulation of the heartbeat. The Autonomic system consists of the sympathetic and the parasympathetic
divisions. Both divisions work without conscious effort, and they have similar nerve pathways, but the sympathetic
and parasympathetic systems generally have opposite effects on target tissues (they are antagonistic). By controlling
the relative input from each division, the autonomic system regulates many aspects of homeostasis. One of the main
nerves for the parasympathetic autonomic system is Cranial Nerve X, the Vagus nerve.

The Sympathetic and Parasympathetic Systems

The sympathetic nervous system activates what is often termed the fight or flight response, as it is most active under
sudden stressful circumstances (such as being attacked). This response is also known as sympathetico-adrenal
response of the body, as the pre-ganglionic sympathetic fibers that end in the adrenal medulla (but also all other
sympathetic fibers) secrete acetylcholine, which activates the secretion of adrenaline (epinephrine) and to a lesser
extent noradrenaline (norepinephrine) from it. Therefore, this response that acts primarily on the cardiovascular system
is mediated directly via impulses transmitted through the sympathetic nervous system and indirectly via
catecholamines secreted from the adrenal medulla.



Western science typically looks
at the SNS as an automatic
regulation system, that is, one
that operates without the
intervention  of  conscious
thought. Some evolutionary
theorists  suggest that the
sympathetic nervous system
operated in early organisms to
maintain survival (Origins of
Consciousness, Robert Ornstein;
et al), as the sympathetic
nervous system is responsible
for priming the body for action.
One example of this priming is
in the moments before waking,
in which sympathetic outflow
spontaneously  increases in
preparation for action.

The parasympathetic nervous
system is part of the autonomic
nervous system. Sometimes
called the rest and digest system
or feed and breed. The
parasympathetic system
conserves energy as it slows the
heart rate, increases intestinal
and gland activity, and relaxes
sphincter ~muscles in the
gastrointestinal tract.

After high stress situations (ie:
fighting for your life) the
parasympathetic nervous system
has a backlash reaction that
balances out the reaction of the
sympathetic nervous system. For
example, the increase in heart
rate that comes along with a
sympathetic reaction will result
in an abnormally slow heart rate
during a  parasympathetic
reaction.

Organization

Sympathetic nerves originate inside the vertebral column, toward the middle of the spinal cord in the intermediolateral
cell column (or lateral horn), beginning at the first thoracic segment of the spinal cord and extending into the second or
third lumbar segments. Because its cells begin in the thoracic and lumbar regions of the spinal cord, the SNS is said to
have a thoracolumbar outflow. Axons of these nerves leave the spinal cord in the ventral branches (rami) of the spinal
nerves, and then separate out as 'white rami' (so called from the shiny white sheaths of myelin around each axon)
which connect to two chain ganglia extending alongside the vertebral column on the left and right. These elongated
ganglia are also known as paravertebral ganglia or sympathetic trunks. In these hubs, connections (synapses) are made
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Figure 1: The right sympathetic chain and its connections with the thoracic,
abdominal, and pelvic plexuses. (After Schwalbe.)

which then distribute the nerves to major organs, glands, and other parts of the body. [1]
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In order to reach the target organs and glands, the axons must travel long distances in the body, and, to accomplish
this, many axons link up with the axon of a second cell. The ends of the axons do not make direct contact, but rather
link across a space, the synapse.

In the SNS and other components of the peripheral nervous system, these synapses are made at sites called ganglia.
The cell that sends its fiber is called a preganglionic cell, while the cell whose fiber leaves the ganglion is called a
postganglionic cell. As mentioned previously, the preganglionic cells of the SNS are located between the first thoracic
segment and the second or third lumbar segments of the spinal cord. Postganglionic cells have their cell bodies in the
ganglia and send their axons to target organs or glands.

The ganglia include not just the sympathetic trunks but also the superior cervical ganglion (which sends sympathetic
nerve fibers to the head), and the celiac and mesenteric ganglia (which send sympathetic fibers to the gut).

Information transmission

Messages travel through the SNS in a bidirectional flow. Efferent messages can trigger changes in different parts of
the body simultaneously. For example, the sympathetic nervous system can accelerate heart rate; widen bronchial
passages; decrease motility (movement) of the large intestine; constrict blood vessels; increase peristalsis in the
esophagus; cause pupil dilation, piloerection (goose bumps) and perspiration (sweating); and raise blood pressure.
Afferent messages carry sensations such as heat, cold, or pain.

The first synapse (in the sympathetic chain) is mediated by nicotinic receptors physiologically activated by
acetylcholine, and the target synapse is mediated by adrenergic receptors physiologically activated by either
noradrenaline or adrenaline. An exception is with sweat glands which receive sympathetic innervation but have
muscarinic acetylcholine receptors which are normally characteristic of PNS. Another exception is with certain deep
muscle blood vessels, which have acetylcholine receptors and which dilate (rather than constrict) with an increase in
sympathetic tone. The sympathetic system cell bodies are located on the spinal cord excluding the cranial and sacral
regions, specifically the thoracolumbar region (T1-L3). The preganglonic neurons exit from the vertebral column and
synapse with the postganglonic neurons in the sympathetic trunk.

The parasympathetic nervous system is one of three divisions of the autonomic nervous system. Sometimes called the
rest and digest system, the parasympathetic system conserves energy as it slows the heart rate, increases intestinal and
gland activity, and relaxes sphincter muscles in the gastrointestinal tract.

Relationship to sympathetic

While an oversimplification, it is said that the parasympathetic system acts in a reciprocal manner to the effects of the
sympathetic nervous system; in fact, in some tissues innervated by both systems, the effects are synergistic.

Receptors

The parasympathetic nervous system uses only acetylcholine (ACh) as its neurotransmitter. The ACh acts on two
types of receptors, the muscarinic and nicotinic cholinergic receptors. Most transmissions occur in two stages: When
stimulated, the preganglionic nerve releases ACh at the ganglion, which acts on nicotinic receptors of the
postganglionic nerve. The postganglionic nerve then releases ACh to stimulate the muscarinic receptors of the target
organ.

The three main types of muscarinic receptors that are well characterised are:

= The M1 muscarinic receptors are located in the neural system.



= The M2 muscarinic receptors are located in the heart, and act to bring the heart back to normal after
the actions of the sympathetic nervous system: slowing down the heart rate, reducing contractile
forces of the atrial cardiac muscle, and reducing conduction velocity of the atrioventricular node (AV
node). Note, they have no effect on the contractile forces of the ventricular muscle.

= The M3 muscarinic receptors are located at many places in the body, such as the smooth muscles of
the blood vessels, as well as the lungs, which means that they cause vasoconstriction and
bronchoconstriction. They are also in the smooth muscles of the gastrointestinal tract (GIT), which
help in increasing intestinal motility and dilating sphincters. The M3 receptors are also located in
many glands that help to stimulate secretion in salivary glands and other glands of the body.

Nervous Tissue

The nervous system coordinates the activity of the muscles, monitors the organs, constructs and also stops input from
the senses, and initiates actions. Prominent participants in a nervous system include neurons and nerves, which play
roles in such coordination.Our nervous tissue only consists of two types of cells. These cells are neurons and
neuroglia cells. The neurons are responsible for transmitting nerve impulses. Neuroglia cells are responsible for
supporting and nourishing the neuron cells.

Types of Neurons

There are three types of neurons in the body. We Dendrite
have sensory neurons, interneurons, and motor
neurons. Neurons are a major class of cells in the
nervous system. Neurons are sometimes called
nerve cells, though this term is technically
imprecise, as many neurons do not form nerves.
In vertebrates, neurons are found in the brain, the
spinal cord and in the nerves and ganglia of the
peripheral nervous system. Their main role is to
process and transmit information. Neurons have
excitable membranes, which allow them to Nucleus
generate and propagate electrical impulses.

Sensory neuron takes nerve impulses or

messages right from the sensory receptor and delivers it to the central nervous system. A sensory receptor is a structure
that can find any kind of change in it's surroundings or environment.

Axon Terminal

MNode of
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Structure of a neuron

Neurons have three different parts to them. They all have an axon, a cell body and dendrites. The axon is the part of
the neuron that conducts nerve impulses. Axons can get to be quite long. When an axon is present in nerves, it is
called a nerve fiber. A cell body has a nucleus and it also has other organelles. The dendrites are the short pieces that
come off of the cell body that receive the signals from sensory receptors and other neurons.

Myelin Sheath

Schwann cells contain a lipid substance called myelin in their plasma membranes. When schwann cells wrap around
axons, a myelin sheath forms. There are gaps that have no myelin sheath around them; these gaps are called nodes of
Ranvier. Myelin sheathes make excellent insulators. Axons that are longer have a myelin sheath, while shorter axons
do not. The disease multiple sclerosis is an autoimmune disease where the body attacks the myelin sheath of the
central nervous system.

Case Study
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A 35-year-old male in 1986 had been admitted to a hospital in Florida three weeks previous to being diagnosed, with
complaints of weakness and spasticity in the right leg, difficulties with balance, and fatigue and malaise. Tests
performed at the Florida hospital had revealed abnormalities in spinal fluid and MRI brain scan. The patient
complained of being severely depressed and anxious. He had anger at his circumstances and frequent crying spells.
One month previously he had noticed aching and loss of vision in the left eye that had since improved.

This man was diagnosed with Multiple Sclerosis (MS). MS is a chronic, degenerative, and progressive disorder that
affects the nerve fibers in the brain and spinal cord. Myelin is a fatty substance that surrounds and insulates the nerve
fibers and facilitates the conduction of the nerve impulse transmissions. MS is characterized by intermittent damage to
myelin (called demyelination) caused by the destruction of specialized cells (oligodendrocytes) that form the
substance. Demyelination causes scarring and hardening (sclerosis) of nerve fibers usually in the spinal cord, brain
stem, and optic nerves, which slows nerve impulses and results in weakness, numbness, pain, and vision loss.
Because different nerves are affected at different times, MS symptoms often worsen (exacerbate), improve, and
develop in different areas of the body. Early symptoms of the disorder may include vision changes (blurred vision,
blind spots) and muscle weakness. MS can progress steadily or cause acute attacks (exacerbations) followed by partial
or complete reduction in symptoms (remission). Most patients with the disease have a normal lifespan.

There are different types of MS

Multiple sclerosis is classified according to frequency and severity of neurological symptoms, the
ability of the CNS to recover, and the accumulation of damage.
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Treating Depression

Every now and then we all feel a little blue, these feelings can be caused by losing a loved one. Clinical depression
goes much further than just feeling down. Depression has many symptoms, including lack of energy, abnormal eating
habits (either too much or too little) and sleeping problems (also too much or too little). Often a person can feel
worthless and have thoughts of committing suicide. The cause of depression and its symptoms are a mystery but we
do understand that it is an illness associated with biochemical changes in the brain. A lot of research goes on to
explain that it is associated with a lack of amines serotonin and norephinephrine. Therefore pharmacological treatment
strategies often try to increase amine concentrations in the brain.

One class of antidepressants is monoamine oxidase inhibitors. Mono amine oxidase is a enzyme that breaks down
your amines like norephinephrine and serotonin. Because the antidepressants inhibit their degradation they will remain

in the synaptic cleft for a longer period of time making the effect just as if you had increased theses types of
neurotransmitters.
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A newer class of antidepressants is selective serotonin reuptake inhibitors (SSRI's). With SSRI's decreasing the uptake
of serotonin back into the cell that will increase the amount of serotonin present in the synaptic cleft. SSRI's are more
specific than the monoamine oxidase inhibitors because they only affect serotonergic synapses. You might recognize
these SSRI's by name as Prozac and Paxil.

Drugs

A drug is, generally speaking, any substance that changes the way your body works. Some drugs have a medicinal
effect, and some are used recreationally. They have diverse effects, depending on the drug. Drugs can do anything
from diminish pain, to preventing blood clots, to helping a depressed person.

Different drugs work in different ways, called the mechanism of action, the drugs covered here will all act on the
nervous system via receptors on different neurons. There are also drugs that change how enzymes work, but that's not
part of the nervous system (at least directly) and will not be discussed here.

You've probably heard the terms stimulant (excitatory) and depressant (inhibitory). This is a broad way of classifying
drugs that work on the CNS. Depressants slow down neural function, and stimulants speed it up.

Most of the common depressants (including alcohol, benzodiazepines, barbiturates and GHB) work on GABA
receptors, although there are others. Opiates, for example, work on mu opioid receptors and also produce inhibitory
effects, and some antipsychotics block serotonin. See the alcohol section below to see one way this can work.

Stimulants work mostly with epinephrine, dopamine or serotonin (or a combination of them). Many of them either
mimic one, or stop them from leaving the synapse, causing more action potentials to be fired. Methamphetamine,
discussed below, is a fairly typical stimulant drug.

Drug Abuse

Scientists have long accepted that there is a biological basis for drug addiction, though the exact
mechanisms responsible are only now being identified. It is believed that addictive substances
create dependence in the user by changing the brain's reward functions, located in the
frame mesolimbic dopamine system—the part of the brain that reinforces certain behaviors such as
eating, sexual intercourse, exercise, and social interaction. Addictive substances, through various
means and to different degrees, cause the synapses of this system to flood with excessive
amounts of dopamine, creating a brief rush of euphoria more commonly called a "high”. Some say that abuse begins
when the user begins shirking responsibility in order to afford drugs or to have enough time to use them. Some say it
begins when a person uses "excessive" amounts, while others draw the line at the point of legality, and others believe
it amounts to chronic use despite degenerating mental and physical health in the user. Some think that any intoxicant
consumption is an inappropriate activity. Here are some drugs that are abused frequently: Acid/L.SD, Alcohol, various
tryptamines and phenethylamines, Cocaine, Ecstasy/MDMA, Heroin, Inhalants, Marijuana, Methamphetamine,
PCP/Phencyclidine, Prescription Medications, Smoking/Nicotine and Steroids.

Alcohol

Alcohol is, and has been for thousands of years, one of the most commonly used drugs in the world. It is legal, with
some restrictions and exceptions, nearly everywhere. It is a common misconception that somehow alcohol is 'better’ or
'safer’ than other recreational drugs. This is simply NOT the case. Alcohol is a depressant, and as such it has the
potential to cause coma, respiratory depression/arrest and possibly death. Compared with some other (illegal in most
places) drugs of recreational value (such as marijuana, serotonin based hallucinogens like LSD or psilocybin) alcohol
is far more toxic and has more risk of overdose. That doesn't mean that moderate drinking will probably hurt you,
though, either.
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Short term effects from drinking (listed roughly as they appear, and as dosage goes up) are: decreased inhibitions and,
thus, judgment, flushing of the face, drowsiness, memory problems, severe motor impairment, blurry vision, dizziness,
confusion, nausea, possible unconsciousness, coma, and death (due to respiratory arrest or possibly aspiration on
vomit).

Alcohol produces these effects mainly via the GABA receptors in the brain. When GABA (or in this case alcohol)
binds to it's receptor, it lets either Cl- ions in, or K+ out. This is called hyperpolarization, or an inhibitory postsynaptic
potential (IPSP). It makes it harder for the neuron to depolarize and hence harder for it to fire an action potential,
slowing neural function. At higher doses alcohol will start to block NMDA. NMDA is involved in memory (see the
long-term potentiation section) so this is thought to account for memory blackouts.

Methamphetamine

In the US, medically prescribed methamphetamine is distributed in tablet form under the brand name Desoxyn®,
generally for Attention Deficit Hyperactivity Disorder (ADHD) but also for narcolepsy or obesity.

Illicit methamphetamine comes in a variety of forms. Most commonly it is found as a colorless crystalline solid, sold
on the street under a variety of names, such as: crystal meth or crystal. Methamphetamine may also be referred to as
shards, rock, pony, crissie, crystal, glass, ice, Jib, critter, Tina, tweak or crank. Dope may refer to methamphetamine or
other drugs, especially heroin or marijuana. The term "speed" can denote any stimulant including other amphetamines
(e.g. adderall), cocaine and methylphenidate (Ritalin).

Methamphetamine can be injected (either subcutaneous, intramuscular or intravenous), smoked, snorted, swallowed,
or used rectally or sublingually. The latter two being fairly uncommon. After administration, methamphetamine takes
from a few seconds (smoked or injected IV to around 30 minutes (oral) for effects to arise, lasting around eight hours
depending on the route of administration. Effects/side effects include euphoria, anorexia, increased energy, clenching
of the jaw/grinding of teeth (bruxism), weight loss, insomnia, tooth decay and psychosis among others.

Methamphetamine is neurotoxic to at least some areas of the brain, and owes most of its effects to the
neurotransmitters dopamine, norepinephrine and serotonin it releases. It also blocks the reuptake of those
neurotransmitters, causing them to stay in the synaptic cleft longer than normal.

Marijuana

Marijuana contains a myriad of chemicals, called cannabinoids, that have psychoactive and medicinal effects when
consumed, the major one being tetrahydrocannabinol (THC). THC serves to mimic the endogenous neurotransmitter
anandamide (also found in chocolate) at the CB4 receptors in the brain. Other cannabinoids include Cannabidiol
(CBD), cannabinol (CBN) and tetrahydrocannabivarin (THCV). Although THC is found in all parts of the plant, the
flower of the female plant has the highest concentration, commonly around eight percent. The flowers can be used, or
they can be refined. Trichomes contain most of the THC on the flowers and can be removed by a few different
methods. These removed trichomes are called kief. Kief can, in turn, be pressed into hashish. By far the most common
way to consume any of these products is by smoking, but it can be taken orally as well.

Cannabis has a very long, very good safety record. Nobody on record has ever died because of marijuana, directly at
least. It is estimated that it would take 1-1.8 kilograms of average potency marijuana, taken orally, to have a fifty
percent chance of killing a 68kg human. Despite this, the possession, use, or sale of psychoactive cannabis products
became illegal in many parts of the world in the early 20th century. Since then, while some countries have intensified
the enforcement of cannabis prohibition, others have reduced the priority of enforcement to the point of de facto
legality. Cannabis remains illegal in the vast majority of the world's countries.

The nature and intensity of the immediate effects of cannabis consumption vary according to the dose, the species or
hybridization of the source plant, the method of consumption, the user's mental and physical characteristics (such as
possible tolerance), and the environment of consumption. This is sometimes referred to as set and setting. Smoking the
same cannabis either in a different frame of mind (set) or in a different location (setting) can alter the effects or
perception of the effects by the individual. Effects of cannabis consumption may be loosely classified as cognitive and



Cannabis sativa.

physical. Anecdotal evidence suggests that the Cannabis sativa species
tends to produce more of the cognitive or perceptual effects, while
Cannabis indica tends to produce more of the physical effects.

Review Questions

Answers for these questions can be found here (https:/len.w
ikibooks.org/wikiiHuman_Physiology/Appendix_1: answers
_to_review_questions#The_Nervous_System)

1. The junction between one neuron and the next, or between a neuron
and an effector is called:

A) A synapse
B ) A dendrite
C) A neuotransmitter
D) A ventricle
E ) None of the above

2. A fast excitatory synapses follows this order:
A) (1) neurotransmitter released (2) diffused across the synaptic

cleft to a receptor protein (3) binding of the transmitter opens
pores in the ion channels and positive ions move in.

B ) (1) neurotransmitter released (2) diffused across the synaptic cleft to a receptor protein (3)
binding of the transmitter opens pores in the ion channels and negative ions move in.

C) (1) neurotransmitter released (2) diffused across the synaptic cleft to a receptor amino acid (3)
binding of the transmitter opens pores in the ion channels and positive ions move in.

D) (1) diffused across the synaptic cleft to a receptor protein (2) neurotransmitter released (3)
binding of the transmitter opens pores in the ion channels and positive ions move in.

E ) None of the above

3. Resting potential is

A ) excess positive ions accumulate inside the plasma membrane
B ) excess negative ions accumulate inside the plasma membrane
C ) excess positive ions accumulate outside the plasma membrane

D)bothb&c
E)botha&c

4. Sensory neurons have:

A ) A short dendrite and a long axon

B ) A short dendrite and a short axon

C ) A long dendrite and a short axon

D) A long dendrite and a long axon

E ) Their axons and dendrites may be either long or short

5. blocks Acetylcholine receptor sites causing muscle relaxation.

A ) Novocain

B ) curare

C ) Nicotine

D ) Nerve gases

6. Transmission across a synapse is dependent on the release of ?

A) neurotransmitters
B ) synaptic vesicle
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C ) neuromuscular tisssue
D ) receptor proteins

7. Motor neurons take messages

A ) from the muscle fiber to the central nervous system

B ) away from the central nervous system to the central nervous system
C ) that are classified

D ) away from the central nervous system to muscle fiber

8. The medulla oblongata helps to regulate which of the following:

A) Breathing

B ) Heartbeat

C ) Sneezing

D ) Vomiting

E ) All of the above

9. The nervous systems main components are what?
A) The Synapses and Sprinal cord
B) The neurons and the synapses
C) The bain and the neurons
D)The brain and the spinal cord

10. Explain what LTP does to enhance communication between two neurons, on the postsynaptic end.

11. Explain what LTP does to enhance communication between two neurons, on the presynaptic end.

Glossary

Afferent Messages: carry sensations such as heat, cold, or pain

Autonomic System: deals with the visceral organs, like the heart, stomach, gland, and the intestines
Axon: the part of the neuron that conducts nerve impulses

Cannabis: a psychoactive drug produced from parts of the cannabis plant

Central Nervous System (CNS): the system that includes the brain and the spinal cord

Cerebellum: part of the brain that is located posterior to the medulla oblongata and pons, coordinates skeletal muscles
to produce smooth, graceful motions

Cerebrospinal Fluid (CSF): acts a shock absorber for the central nervous system, protecting the brain and spinal
cord from injurys; it also has a high glucose content which serves as a nutritional factor

Cerebrum motor control, learning, speech, somatic sensory functions, vision,hearing and more.

Dendrites: short pieces that come off of the cell body that receive the signals from sensory receptors and other
neurons

Episodic Memory: represents our memory of events and experiences in a serial form

Excitatory Neurotransmitter: a neurotransmitter that acts to elicit an action potential by opening sodium ion
channels

Longitudinal Sulcus: separates the cerebrum in to the right and left hemispheres



Long Term Memory: used for storage of information over a long time

Long-Term Potentiation (LTP) long term communication enhancement between two neurons. Results in neural
pathways that store memoris.

Medulla control center for respiratory, cardiovascular and digestive functions.

Myelin: a fatty substance that surrounds and insulates the nerve fibers and facilitates the conduction of the nerve
impulse transmissions

Multiple Sclerosis (MS): disease that affects the CNS by causing hardening and scaring of the myelin
Nodes of Ranvier: unmyelinated gaps between sections of myelin

Peripheral Nervous System (PNS): a way of communication from the central nervous system to the rest of the body
by nerve impulses that regulate the functions of the human body

Pons control centers for respiration and inhibitory functions.

Postganglionic Cells: have their cell bodies in the ganglia and send their axons to target organs or glands
Postsynaptic Cells the cell on the receiving (second) end of the synapse.

Presynaptic Cell The cell on the sending (first) end of the synapse.

Proprioception the sense that indicates whether the body is moving with required effort, as well as where various
parts of the body are located in relation to each other.

Sensory Receptor: structure that can find any kind of change in it's surroundings or environment

Somatic Nervous System (SNS): the part of the peripheral nervous system associated with the voluntary control of
body movements through the action of skeletal muscles, and also reception of external stimuli

Synapses: the gap between two neurons; new synapses lead to learning
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The Senses

What are Senses?

We experience reality through our senses. Senses are the physiological methods of perception, so a sense is a faculty
by which outside stimuli are perceived. The senses and their operation, classification, and theory are overlapping
topics studied by a variety of fields. Many neurologists disagree about how many senses there actually are due to a
broad interpretation of the definition of a sense. Our senses are split into two different groups. Our exteroceptors
detect stimulation from the outsides of our body. For example smell, taste, and equilibrium. The interoceptors receive
stimulation from the inside of our bodies. For instance, blood pressure dropping, changes in the glucose and pH
levels. Children are generally taught that there are five senses (sight, hearing, touch, smell, taste). However, it is
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generally agreed that there are at least seven different senses in humans, and a minimum of two more observed in
other organisms. Sense can also differ from one person to the next. Take taste for an example: what may taste great to
one person will taste awful to someone else. This has to do with how the brain interprets the stimuli that are received.

Chemoreception

The senses of gustation (taste) and olfaction (smell) fall under the category of chemoreception. Specialized cells act
as receptors for certain chemical compounds. As these compounds react with the receptors, an impulse is sent to the
brain and is registered as a certain taste or smell. Gustation and olfaction are chemical senses because the receptors
they contain are sensitive to the molecules in the food we eat, along with the air we breathe.

Gustatory System

In humans, the sense of taste is transduced by taste buds and is conveyed via three of the twelve cranial nerves.
Cranial nerve VTI, the facial nerve, carries taste sensations from the anterior two thirds of the tongue (excluding the
circumvallate papillae, see lingual papilla) and soft palate. Cranial nerve IX the glossopharyngeal nerve carries taste
sensations from the posterior one third of the tongue (including the circumvallate papillae). Also a branch of the vagus
nerve carries some taste sensations from the back of the oral cavity (i.e. pharynx and epiglottis). Information from
these cranial nerves is processed by the gustatory system. Though there are small differences in sensation, which can
be measured with highly specific instruments, all taste buds can respond to all types of taste. Sensitivity to all tastes is
distributed across the whole tongue and indeed to other regions of the mouth where there are taste buds (epiglottis,
soft palate).

Papilla

Papilla are specialized epithelial cells. There are four types of papillae: filiform (thread-shape), fungiform
(mushroom-shape), foliate (leaf-shape), and circumvallate (ringed-circle). All papillae except the filiform have taste
buds on their surface. Some act directly by ion channels, others act indirectly.

= Fungiform papillae — as the name suggests, are slightly mushroom shaped if looked at in section.
These are present mostly at the apex (tip) of the tongue.

= Filiform papillae — these are thin, longer papillae that don't contain taste buds but are the most
numerous. These papillae are mechanical and not involved in gustation.

= Foliate papillae — these are ridges and grooves towards the posterior part of the tongue.

= Circumvallate papillae — there are only about 3-14 of these papillae on most people and they are
present at the back of the oral part of the tongue. They are arranged in a circular-shaped row justin
front of the sulcus terminalis of the tongue.

Structure of Taste Buds
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Each taste bud is flask-like in shape, its broad base resting on the
corium, and its neck opening by an orifice, the gustatory pore,
between the cells of the epithelium.

The bud is formed by two kinds of cells: supporting cells and
gustatory cells.

The supporting cells are mostly arranged like the staves of a
cask, and form an outer envelope for the bud. Some, however,
are found in the interior of the bud between the gustatory cells.
The gustatory cells occupy the central portion of the bud; they
are spindle-shaped, and each possesses a large spherical nucleus
near the middle of the cell. The peripheral end of the cell
terminates at the gustatory pore in a fine hair-like filament, the
gustatory hair.

The central process passes toward the deep extremity of the bud,
and there ends in single or bifurcated varicosities.

The nerve fibrils after losing their medullary sheaths enter the
taste bud, and end in fine extremities between the gustatory cells;
other nerve fibrils ramify between the supporting cells and
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terminate in fine extremities; these, however, are believed to be nerves of ordinary sensation and not gustatory.

Types of Taste

Salt
Arguably the simplest receptor found in the mouth is the salt (NaCl) receptor. An ion channel in the
taste cell wall allows Na+ ions to enter the cell. This on its own depolarises the cell, and opens
voltage-regulated Ca2+ gates, flooding the cell with ions and leading to neurotransmitter release.
This sodium channel is known as enc and is composed of three sub-units. En Ac can be blocked by
the drug amiloride in many mammals, especially rats. The sensitivity of the salt taste to amiloride in
humans, however, is much less pronounced, leading to conjecture that there may be additional
receptor proteins besides EnAC that may not have been discovered yet.

Sour
Sour taste signals the presence of acidic compounds (H+ ions in solution). There are three different
receptor proteins at work in sour taste. The firstis a simple ion channel which allows hydrogen ions
to flow directly into the cell. The protein for this is ENAC, the same protein involved in the distinction
of salt taste (this implies a relationship between salt and sour receptors and could explain why salty
taste is reduced when a sour taste is present). There are also H+ gated channels present. The first
is a K+ channel, which ordinarily allows K+ ions to escape from the cell. H+ ions block these,
trapping the potassium ions inside the cell (this receptor is classified as MDEG1 of the EnNAC/Deg
Family). A third protein opens to Na+ ions when a hydrogen ion attaches to it, allowing the sodium
ions to flow down the concentration gradient into the cell. The influx of ions leads to the opening of a
voltage regulated Ca2+ gate. These receptors work together and lead to depolarization of the cell
and neurotransmitter release.

Bitter
There are many classes of bitter compounds which can be chemically very different. It is interesting
that the human body has evolved a very sophisticated sense for bitter substances: we can
distinguish between the many radically different compounds which produce a generally “bitter”
response. This may be because the sense of bitter taste is so important to survival, as ingesting a
bitter compound may lead to injury or death. Bitter compounds act through structures in the taste cell
walls called G-protein coupled receptors (GPCR'’s). Recently, a new group of GPCR’s was
discovered, known as the T2R’s, which is thought to only respond to bitter stimuli. When the bitter
compound activates the GPCR, itin turn releases gustducin, the G-protein it was coupled to.
Gustducin is made of three subunits. When itis activated by the GPCR, its subunits break apart and
activate phosphodiesterase, a nearby enzyme. It then converts a precursor within the cell into a
secondary messenger, which closes potassium ion channels. This secondary messenger can
stimulate the endoplasmic reticulum to release Ca2+, which contributes to depolarization. This
leads to a build-up of potassium ions in the cell, depolarization, and neurotransmitter release. It is
also possible for some bitter tastants to interact directly with the G-protein, because of a structural
similarity to the relevant GPCR.

Sweet
Like bitter tastes, sweet taste transduction involves GPCR’s. The specific mechanism depends on
the specific molecule. “Natural” sweeteners such as saccharides activate the GPCR, which
releases gustducin. The gustducin then activates the molecule adenylate cyclase, which is already
inside the cell. This molecule increases concentration of the molecule cAMP, or adenosine 3', 5'-
cyclic monophosphate. This protein will either directly or indirectly close potassium ion channels,
leading to depolarization and neurotransmitter release. Synthetic sweeteners such as saccharin
activate different GPCR’s, initiating a similar process of protein transitions, starting with the protein
phospholipase A, which ultimately leads to the blocking of potassium ion channels.

Umami
Umami is a Japanese word meaning "savory" or "meaty". It is thought that umami receptors act
much the same way as bitter and sweet receptors (they involve GPCR'’s), but not much is known
about their specific function. We do know that umami detects glutamates that are common in meats,



cheese and other protein-heavy foods. Umami receptors react to foods treated with monosodium
glutamate (MSG). This explains why eating foods that have MSG in them often give a sense of
fullness. It is thought that the amino acid L-glutamate bonds to a type of GPCR known as a
metabotropic glutamate receptor (mGIuR4). This causes the G-protein complex to activate a
secondary receptor, which ultimately leads to neurotransmitter release. The intermediate steps are
not known.

Disorders of the Tongue

Loss of taste

You may lose your sense of taste if the facial nerve is damaged. Then there is also Sjogren's
Syndrome where the saliva production is reduced. In most cases the loss of taste is typically a
symptom of anosmia — a loss of the sense of smell.

Sore tongue

Itis usually caused by some form of trauma, such as biting your tongue, or eating piping-hot or
highly acidic food or drink.

If your top and bottom teeth don't fit neatly together, tongue trauma is more likely.

Some people may experience a sore tongue from grinding their teeth (bruxism).

Disorders such as diabetes, anemia, some types of vitamin deficiency and certain skin diseases
can include a sore tongue among the range of symptoms.

Glossodynia
A condition characterized by a burning sensation on the tongue.

Benign migratory glossitis

This condition is characterized by irregular and inflamed patches on the tongue surface that often
have white borders. The tongue may be generally swollen, red and sore. Another name for this
condition is geographic tongue. The cause of benign migratory glossitis is unknown.

Risk factors are thought to include:

= Mineral or vitamin deficiencies

= Local irritants, such as strong mouthwashes, cigarettes or alcohol
= Certain forms of anemia

= [nfection

= Certain medications

= Stress

Olfactory System

Olfaction is the sense of smell. In humans, the sense of Smell is received in nasopharynx. Airborne molecules go
into solution on moist epithelial surface of nasal passage. An olfactory receptors neuron sends an impulse via Cranial
nerve I the olfactory nerve. Although 80-90% of what we think is "taste" actually is due to smell. This is why when
we have a head cold or stuffed up nose we have a harder time tasting our foods.

Receptors

Humans have 347 functional odor receptor genes; the other genes have nonsense mutations. This number was
determined by analyzing the genome in the Human Genome Project; the number may vary among ethnic groups, and
does vary among individuals. For example, not all people can smell androstenone, a component of male sweat.

Each olfactory receptor neuron in the nose expresses only one functional odor receptor. Odor receptor nerve cells may
function like a key-lock system: if the odor molecules can fit into the lock the nerve cell will respond. According to
shape theory, each receptor detects a feature of the odor molecule. Weak-shape theory, known as odotope theory,
suggests that different receptors detect only small pieces of molecules, and these minimal inputs are combined to



create a larger olfactory perception (similar to the way visual perception is built up of smaller, information-poor
sensations, combined and refined to create a detailed overall perception). An alternative theory, the vibration theory
proposed by Luca Turin (1996, 2002), posits that odor receptors detect the frequencies of vibrations of odor molecules
in the infrared range by electron tunneling. However, the behavioral predictions of this theory have been found
lacking (Keller and Vosshall, 2004).

An olfactory receptor neuron, also called an olfactory sensory neuron, is the primary transduction cell in the olfactory
system. Humans have about 40 million olfactory receptor neurons. In vertebrates, olfactory receptor neurons reside on
the olfactory epithelium in the nasal cavity. These cells are bipolar neurons with a dendrite facing the interior space of
the nasal cavity and an axon that travels along the olfactory nerve to the olfactory bulb.

Many tiny hair-like cilia protrude from the olfactory receptor cell's dendrite and into the mucus covering the surface of
the olfactory epithelium. These cilia contain olfactory receptors, a type of G protein-coupled receptor. Each olfactory
receptor cell contains only one type of olfactory receptor, but many separate olfactory receptor cells contain the same
type of olfactory receptor. The axons of olfactory receptor cells of the same type converge to form glomeruli in the
olfactory bulb.

Olfactory receptors can bind to a variety of odor molecules. The activated olfactory receptor in turn activates the
intracellular G-protein GOLF, and adenylate cyclase and production of Cyclic AMP opens ion channels in the cell
membrane, resulting in an influx of sodium and calcium ions into the cell. This influx of positive ions causes the
neuron to depolarize, generating an action potential.

Individual olfactory receptor neurons are replaced approximately every 40 days by neural stem cells residing in the
olfactory epithelium. The regeneration of olfactory receptor cells, as one of the only few instances of adult
neurogenesis in the central nervous system, has raised considerable interest in dissecting the pathways for neural
development and differentiation in adult organisms.

In the brain

The axons from all the thousands of cells expressing the same odor receptor converge in the olfactory bulb. Mitral
cells in the olfactory bulb send the information about the individual features to other parts of the olfactory system in
the brain, which puts together the features into a representation of the odor. Since most odor molecules have many
individual features, the combination of features gives the olfactory system a broad range of odors that it can detect.

Odor information is easily stored in long term memory and has strong connections to emotional memory. This is
possibly due to the olfactory system's close anatomical ties to the limbic system and hippocampus, areas of the brain
that have long been known to be involved in emotion and place memory, respectively.

Wil

The Olfactory Nerve leading to the brain.
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Pheromonal olfaction

Some pheromones are detected by the olfactory system, although in many vertebrates pheromones are also detected
by the vomeronasal organ, located in the vomer, between the nose and the mouth. Snakes use it to smell prey, sticking
their tongue out and touching it to the organ. Some mammals make a face called flehmen to direct air to this organ. In
humans, it is unknown whether or not pheromones exist.

Olfaction and Gustation

Olfaction, taste and trigeminal receptors together contribute to flavor. It should be emphasized that there are no more
than 5 distinctive tastes: salty, sour, sweet, bitter, and umami. The 10,000 different scents which humans usually
recognize as 'tastes' are often lost or severely diminished with the loss of olfaction. This is the reason why food has
little flavor when your nose is blocked, as from a cold.

The key nutrition players in our taste is the olfactory function, 80-90% of what we consider taste is dependent on our
senses of smell. With aging our olfactory function declines. In the elderly careful monitoring of appetite is necessary
due to the alterations in the olfactory function. Nutritionist suggest giving a dual approach of supplementation of the
trace minerals zinc and iron to enhance the smell and taste senses.

Disorders of Olfaction

Anosmia
Anosmia is the lack of olfaction, or a loss of the sense of smell. It can be either temporary or
permanent. A related term, hyposmia refers to a decrease in the ability to smell. Some people may
be anosmic for one particular odor. This is called "specific anosmia" and may be genetically based.
Anosmia can have a number of detrimental effects. Patients with anosmia may find food less
appetizing. Loss of smell can also be dangerous because it hinders the detection of gas leaks, fire,
body odor, and spoiled food. The common view of anosmia as trivial can make it more difficult for a
patient to receive the same types of medical aid as someone who has lost other senses, such as
hearing or sight. A temporary loss of smell can be caused by a stuffy nose or infection. In contrast, a
permanent loss of smell may be caused by death of olfactory receptor neurons in the nose, or by
brain injury in which there is damage to the olfactory nerve or damage to brain areas that process
smell. The lack of the sense of smell at birth, usually due to genetic factors, is referred as congenital
anosmia. Anosmia may be an early sign of degenerative brain diseases such as Parkinson's
disease and Alzheimer's disease. Another specific cause of permanent loss could be from damage
to olfactory receptor neurons due to use of nasal sprays. To avoid loss of smell from nasal sprays,
use them for only a short amount of time. Nasal sprays that are used to treat allergy related
congestion are the only nasal sprays that are safe to use for extended periods of time.

Phantosmia
Phantosmia is the phenomenon of smelling odors that aren't really present. (AKA Phantom odors)
The most common odors are unpleasant smells such as rotting flesh, vomit, feces, smoke etc.
Phantosmia often results from damage to the nervous tissue in the olfactory system. The damage
can be caused by viral infection, trauma, surgery, and possibly exposure to toxins or drugs. It can
also be induced by epilepsy affecting the olfactory cortex. It is also thought the condition can have
psychiatric origins.

Dysosmia
When things smell differently than they should.

The Sense of Vision

Vision needs to have the work of both the eyes and the brain to process any information. The majority of the stimuli is
done in the eyes and then the information is sent to the brain by the way of nerve impulses. At least one-third of the
information of what the eye sees is processed in the cerebral cortex of the brain.



Anatomy of the Eye

The human eye is a elongated ball about 1-inch (2.5 cm) in diameter and is protected by a bony socket in the skull.
The eye has three layers or coats that make up the exterior wall of the eyeball, which are the sclera, choroid, and
retina.

Sclera
The outer layer of the eye is the sclera, which is a tough white fibrous layer that maintains, protects
and supports the shape of the eye. The front of the sclera is transparent and is called the cornea.
The cornea refracts light rays and acts like the outer window of the eye.

Choroid
The middle thin layer of the eye is the choroid, also known as the choroidea or choroid coat, it is the
vascular layer of the eye lying between the retina and the sclera. The choroid provides oxygen and
nourishment to the outer layers of the retina. It also contains a nonreflective pigment that acts as a
light shield and prevents light from scattering. Light enters the front of the eye through a hole in the
choroid coat called the pupil. The iris contracts and dilates to compensate for the changes in light
intensity. If the light is bright the iris then contracts making the pupil smaller, and if the light is dim,
the iris dilates making the pupil bigger. Just posterior to the iris is the lens, which is composed
mainly of proteins called crystallins. The lens is attached by the zonules to the ciliary body that
contains the ciliary muscles that control the shape of the lens for accommodation. Along with the
ciliary body and iris, the choroid forms the uveal tract. The uvea is the middle of the three concentric
layers that make up an eye. The name is possibly a reference to its almost black color, wrinkled
appearance and grape-like size and shape when stripped intact from a cadaveric eye.

Retina
The third or the innermost layer of the eye is call the
retina. In adult humans the entire retina is 72% of a
sphere about 22 mm in diameter. The retina lays & &
over the back two thirds of the choroid coat, which is
located in the posterior compartment. The
compartmentis filled with vitreous humor which is a
clear, gelatinous material. Within the retina there are
cells called rod cells and cone cells also known as
photoreceptors. The rod cells are very sensitive to
light and do not see color, that is why when we are
in a darkened room we see only shades of gray. The
cone cells are sensitive to different wavelengths of
light, and that is how we are able to tell different colors. It is a lack of cones sensitive to red, blue, or
green light that causes individuals to have deficiencies in color vision or various kinds of color
blindness. At the center of the retina is the optic disc, sometimes known as "the blind spot" because
it lacks photoreceptors. It is where the optic nerve leaves the eye and takes the nerve impulses to
the brain. The cornea and the lens of the eye focuses the light onto a small area of the retina called
the fovea centralis where the cone cells are densely packed. The fovea is a pit that has the highest
visual acuity and is responsible for our sharp central vision — there are no rods in the fovea.

[llustration of the "blind spot." Situate your head
about one foot from the monitor. Close your right
eye and look at the dot on the right with your left
eye. Move your head slowly closer. When you get
to the correct spot, the dot on the left will
disappear.
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Retina's simplified axial organization. The retina is a stack of several neuronal layers. Light is concentrated from the
eye and passes across these layers (from left to right) to hit the photoreceptors (right layer). This elicits chemical
transformation mediating a propagation of signal to the bipolar and horizontal cells (middle yellow layer). The signal
is then propagated to the amacrine and ganglion cells. These neurons ultimately may produce action potentials on
their axons. This spatiotemporal pattern of spikes determines the raw input from the eyes to the brain.

Photoreceptors
A photoreceptor, or photoreceptor cell, is a specialized type of neuron found in the eye's retina that
is capable of phototransduction. More specifically, the photoreceptor sends signals to other neurons
by a change in its membrane potential when it absorbs photons. Eventually, this information will be
used by the visual system to form a complete representation of the visual world. There are 2 types of
photoreceptors: rods are responsible for scotopic, or night vision, whereas cones are responsible
for photopic, or daytime vision as well as color perception.

Extraocular muscles
Each eye has six muscles that control its movements: the lateral rectus, the medial rectus, the
inferior rectus, the superior rectus, the inferior oblique, and the superior oblique. When the muscles
exert different tensions, a torque is exerted on the globe that causes it to turn. This is an almost pure
rotation, with only about one millimeter of translation, thus, the eye can be considered as
undergoing rotations about a single point in the center of the eye. Five of the extraocular muscles
have their origin in the back of the orbit in a fibrous ring called the annulus of Zinn. Four of these
then course forward through the orbit and insert onto the globe on its anterior half (i.e., in front of the
eye's equator). These muscles are named after their straight paths, and are called the four rectus
muscles, or four recti. They insert on the globe at 12, 3, 6, and 9 o'clock, and are called the superior,
lateral, inferior and medial rectus muscles. (Note that lateral and medial are relative to the subject,
with lateral toward the side and medial toward the midline, thus the medial rectus is the muscle
closest to the nose).

Eye Movement

The visual system in the brain is too slow to process that information if the images are slipping across the retina at
more than a few degrees per second, thus, for humans to be able to see while moving, the brain must compensate for
the motion of the head by turning the eyes. To get a clear view of the world, the brain must turn the eyes so that the
image of the object of regard falls on the fovea. Eye movements are thus very important for visual perception, and any
failure to make them correctly can lead to serious visual disabilities. Having two eyes is an added complication,
because the brain must point both of them accurately enough that the object of regard falls on corresponding points of
the two retinas; otherwise, double vision would occur. The movements of different body parts are controlled by
striated muscles acting around joints. The movements of the eye are no exception, but they have special advantages
not shared by skeletal muscles and joints, and so are considerably different.

Try This Experiment
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Hold your hand up, about one foot (30 cm) in front of your nose. Keep your head still, and shake
your hand from side to side, slowly at first, and then faster and faster. At first you will be able to see
your fingers quite clearly. But as the frequency of shaking passes about one hertz, the fingers will
become a blur. Now, keep your hand still, and shake your head (up and down or left and right). No
matter how fast you shake your head, the image of your fingers remains clear. This demonstrates
that the brain can move the eyes opposite to head motion much better than it can follow, or pursue, a
hand movement. When your pursuit system fails to keep up with the moving hand, images slip on
the retina and you see a blurred hand.

How we see an object

= The light rays enter the eye through the cornea (transparent front portion of eye to focus the light rays).
= Then, light rays move through the pupil, which is surrounded by Iris to keep out extra light

= Then, light rays move through the crystalline lens (Clear lens to further focus the light rays )

= Then, light rays move through the vitreous humor (clear jelly like substance)

= Then, light rays fall on the retina, which processes and converts incident light to neuron signals using
special pigments in rod and cone cells.

= These neuron signals are transmitted through the optic nerve,

= Then, the neuron signals move through the visual pathway — Optic nerve > Optic Chiasm > Optic Tract
> Optic Radiations > Cortex

= Then, the neuron signals reach the occipital (visual) cortex and its radiations for the brain's
processing.

= The visual cortex interprets the signals as images and along with other parts of the brain, interpret the
images to extract form, meaning, memory and context of the images.

Depth Perception

Depth perception is the visual ability to perceive the world in three dimensions. It is a trait common to many higher
animals. Depth perception allows the beholder to accurately gauge the distance to an object.

Depth perception is often confused with binocular vision, also known as Stereopsis. Depth perception does rely on
binocular vision, but it also uses many other monocular cues.

Diseases, disorders, and age-related changes

There are many diseases, disorders, and age-related changes that may affect the eyes and surrounding structures. As
the eye ages certain changes occur that can be attributed solely to the aging process. Most of these anatomic and
physiologic processes follow a gradual decline. With aging, the quality of vision worsens due to reasons independent
of aging eye diseases. While there are many changes of significance in the non-diseased eye, the most functionally
important changes seem to be a reduction in pupil size and the loss of accommodation or focusing capability
(presbyopia). The area of the pupil governs the amount of light that can reach the retina. The extent to which the pupil
dilates also decreases with age. Because of the smaller pupil size, older eyes receive much less light at the retina. In
comparison to younger people, it is as though older persons wear medium-density sunglasses in bright light and
extremely dark glasses in dim light. Therefore, for any detailed visually guided tasks on which performance varies
with illumination, older persons require extra lighting.

Color Blindness
Color Blindness or color vision deficiency, in humans is the inability to perceive differences between
some or all colors that other people can distinguish. It is most often of genetic nature, but may also
occur because of eye, nerve, or brain damage, or due to exposure to certain chemicals. There are
many types of color blindness. The most common variety are hereditary (genetic) photoreceptor
disorders, butitis also possible to acquire color blindness through damage to the retina, optic
nerve, or higher brain areas. There is generally no treatment to cure color deficiencies, however,
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or malnutrition (for example, a lack of vitamin A). The most common

cause of nyctalopia is retinitis pigmentosa, a disorder in which the

rod cells in the retina gradually lose their ability to respond to the light. Patients suffering from this
genetic condition have progressive nyctalopia and eventually their day-time vision may also be
affected. In congenital stationary night blindness the rods do not work from birth, but as the name
implies, sufferers do not get worse. Another cause of night blindness is a deficiency of retinol, or
vitamin A, found in fish oils, liver and dairy products.

Day Blindness
Also known as Hemeralopia is the inability to see clearly in bright light. The daytime vision gets
worse and worse. Nighttime vision remains unchanged due to the use of rods as opposed to cones
(during the day), which get affected by hemeralopia and in turn degrade the daytime optical

response.
Floater
Also known as "Muscae Volitantes" are deposits of various size, shape, consistency,
refractive index, and motility within the eye's normally transparent vitreous humour.
Floaters are suspended in the vitreous humour, the thick fluid or gel that fills the eye.
Thus, they generally follow the rapid motions of the eye, while drifting slowly within
' . the fluid. Floaters are visible only because they do not remain perfectly fixed within
the eye. The shapes are shadows projected onto the retina by tiny structures of
Impression of protein or other cell debris discarded over the years and trapped in the vitreous
floaters, as seen humour. They are also common after cataract operations or after trauma. In some
against a blue cases, floaters are congenital.
sky.
Glaucoma

A group of diseases of the optic nerve involving
loss of retinal ganglion cells in a characteristic pattern of optic
neuropathy. Although raised intraocular pressure is a significant
risk factor for developing glaucoma, there is no set threshold for
intraocular pressure that causes glaucoma. One person may
develop nerve damage at a relatively low pressure, while
another person may have high eye pressures for years and yet
never develop damage. Untreated glaucoma leads to
permanent damage of the optic nerve and resultant visual field
loss, which can progress to blindness.

Picture of children holding a ball as
seen by someone with glaucoma.

Visual Agnosia
Visual agnosia is the inability of the brain to make sense of or
make use of some part of otherwise normal visual stimulus, and
is typified by the inability to recognize familiar objects or faces. This is distinct from blindness, which
is a lack of sensory input to the brain due to damage to the eye or optic nerve. Visual agnosia is
often due to damage, such as stroke, in posterior parietal lobe in the right hemisphere of the brain.
Careful analysis of the nature of visual agnosia has led to improved understanding of the brain's
role in normal vision.

Deadly Nightshade
Deadly Nightshade is a plant oil that can potentially kill you. Atrophine taken from this plant causes
your eyes to dilate. This was used in the middle ages by women who wanted to look more attractive
for men. To this day, it is still used by opthamologists. How this works is that the atrophine is a
competitor with acetylcholine. The Nightshadow goes into your receptors on the postsynaptic
membrane of an action potential. This makes it so that the acetylcholine doesn’t have any receptor
site so the Na ion is not able to be released.
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Critical Thinking

The answers for these critical thinking questions is right here (https://en.wikibooks.org/wiki/Human_Physiolog
y/Appendix_1:_answers_to_review_questions#Critical_Thinking:_Vision)

1. Explain why you are normally unaware of your blind spot.

2. Stare at a bright light for 10 seconds and then stare at a white sheet of paper. What do you observe
and why?

3. What is it that makes things "disappear” when you are staring at them at night, and how do you make
them reappear?

4. Name what rods are sensitive to and also what cones are sensitive to.
5. Explain how Deadly Nightshade works.

The Senses Of Hearing

The ear is the sense organ that collects and detects sound waves and plays a major role in the sense of balance and
body position. The sensory receptors for both hearing and equilibrium are mechanoreceptors found in the inner ear;
these receptors are hair cells that have stereocilia (long microvilli) that are extremely sensitive to mechanical
stimulations.

Anatomy of the Ear

The ear has three divisions: the outer ear, the middle ear, and the inner ear.

Outer Ear (Auricle, Ear Canal, Surface of Ear Drum)
The outer ear is the most external portion of the ear. The
outer ear includes the pinna (also called auricle), the ear
canal, and the very most superficial layer of the ear drum
(also called the tympanic membrane). Although the word
"ear" may properly refer to the pinna (the flesh covered
cartilage appendage on either side of the head), this
portion of the ear is not vital for hearing. The complicated
design of the human outer ear does help capture sound,
but the most important functional aspect of the human outer
ear is the ear canal itself. This outer ear canal skin is
applied to cartilage; the thinner skin of the deep canal lies
on the bone of the skull. If the ear canal is not open,
hearing will be dampened. Ear wax (medical name —
cerumen) is produced by glands in the skin of the outer
portion of the ear canal. Only the thicker cerumen-producing ear canal skin has hairs. The outer ear
ends at the most superficial layer of the tympanic membrane. The tympanic membrane is commonly
called the ear drum.

Anatomy of the human ear.

Middle Ear (Air Filled Cavity behind the Ear Drum, includes most of the Ear Drum, and Ear Bones)
The middle ear includes most of the ear drum (tympanic membrane) and the 3 ear bones ossicles:
malleus (or hammer), incus (or anvil), and stapes (or stirrup). The opening of the Eustachian tube is
also within the middle ear. The malleus has a long process (the handle) that is attached to the
mobile portion of the ear drum. The incus is the bridge between the malleus and stapes. The stapes
is the smallest named bone in the human body. The stapes transfers the vibrations of the incus to
the oval window, a portion of the inner ear to which itis connected. It is the final bone in the chain to
transfer vibrations from the eardrum to the inner ear. The arrangement of these 3 bones is a sort of
Rube Goldberg device: movement of the tympanic membrane causes movement of the first bone,
which causes movement of the second, which causes movement of the third. When this third bone
pushes down, it causes movement of fluid within the cochlea (a portion of the inner ear). This
particular fluid only moves when the stapes footplate is depressed into the inner ear. Unlike the
open ear canal, however, the air of the middle ear is not in direct contact with the atmosphere
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outside the body. The Eustachian tube connects from the chamber of the middle ear to the back of
the pharynx. The middle ear in humans is very much like a specialized paranasal sinus, called the
tympanic cavity, it, like the paranasal sinuses, is a hollow mucosa lined cavity in the skull that is
ventilated through the nose. The mastoid portion of the temporal bone, which can be felt as a bump
in the skull behind the pinna, also contains air, which ventilates through the middle ear.

Inner Ear (Cochlea, Vestibule, and Semi-Circular Canals)
The inner ear includes both the organ of hearing (the cochlea) and a sense organ (the labyrinth or
vestibular apparatus) that is attuned to the effects of both gravity and motion. The balance portion of
the inner ear consists of three semi-circular canals and the vestibule. The inner ear is encased in
the hardest bone of the body. Within this ivory hard bone, there are fluid-filled hollows. Within the
cochlea are three fluid filled spaces: the tympanic canal, the vestibular canal, and the middle canal.
The eighth cranial nerve comes from the brain stem to enter the inner ear. When sound strikes the
ear drum, the movement is transferred to the footplate of the stapes, which attaches to the oval
window and presses into one of the fluid-filled ducts of the cochlea. The hair cells in the organ of
Corti are stimulated by particular frequencies of sound, based on their location within the cochlea.
High pitch sounds are at a higher frequency and, due to the shorter wavelength they "hit" the
membrane "faster” (ie. close to the oval window). In contrast, low frequency sounds have large
wavelengths, and will travel further through the scala vestibuli before "hitting"” the tectorial
membrane near the apex of the cochlea. The fluid inside the cochlea is moved, flowing against the
receptor (hair) cells of the organ of Corti, which fire in a graded response based on the volume of the
sound. The hair cells then stimulate the nerve cells in the Spiral Ganglion, which sends information
through the auditory portion of the eighth cranial nerve to the brain. Humans are able to hear sounds
between about 20 Hz and 20,000 Hz. Mammals that can hear lower frequency sounds, such as
whales and elephants, have a longer cochlea. Humans tend to lose high-frequency hearing first,
which has led some teenagers to using high-frequency ring tones (above 17,000 Hz) that may go
undetected by their middle-aged teachers.

Hair Cell
Hair cells are columnar cells, each with a bundle of 100-
200 specialized cilia at the top, for which they are named.
These cilia are the mechanosensors for hearing. Lightly
resting atop the longest cilia is the tectorial membrane,
which moves back and forth with each cycle of sound,
tilting the cilia and allowing electric current into the hair
cell. Hair cells, like the photoreceptors of the eye, show a
graded response, instead of the spikes typical of other
neurons. Immediately over the hair cells of the organ of
Corti is an overhanging “tectorial membrane.” When the
Bones of the Middle Ear vibrate the oval window, these
vibrations are transmitted to the fluid within the cochlea and
eventually cause the round window on the cochlea to bulge
outward. These vibrations deflect the membrane on which
the Organ of Corti is located, causing the three rows of
outer hair cells to “rub” against the overhanging tectorial membrane. By their muscle-like activity
they amplify the weakest vibrations for the inner hair cells. The louder sounds are not amplified. The
disturbed inner hair cells will then activate the cochlear nerve fibers. The current model is that cilia
are attached to one another by “tip links”, structures which link the tips of one cilium to another.
Stretching and compressing the tip links may open an ion channel and produce the receptor
potential in the hair cell. These graded potentials are not bound by the “all or none” properties of an
action potential. There are far fewer hair cells than afferent (leading to the brain) nerve fibers in the
cochlea. The nerve that innervates the cochlea is the cochlear nerve, and forms cranial nerve
number VIl with the vestibular nerve from the balance organ. Neuronal dendrites innervate cochlear
hair cells. The neurotransmitter itself is thought to be glutamate. At the presynaptic juncture, there is
a distinct “presynaptic dense body” or ribbon. This dense body is surrounded by synaptic vesicles
and is thought to aid in the fast release of neurotransmitter. Efferent projections from the brain to the
cochlea also play a role in the perception of sound. Efferent synapses occur on outer hair cells and
on afferent dendrites under inner hair cells.

Cross section of the cochlea
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Process of Hearing

Detection of sound motion is associated with the right posterior superior temporal gyrus. The superior temporal gyrus
contains several important structures of the brain, including: (1)marking the location of the primary auditory cortex,
the cortical region responsible for the sensation of sound. Sections 41 and 42 are called the primary auditory area of
the cerebrum, and processes the basic characteristics of sound such as pitch and rhythm. The auditory association area
is located within the temporal lobe of the brain, in an area called the Wernicke's area, or area 22. This area, near the
lateral cerebral sulcus, is an important region for the processing of acoustic energy so that it can be distinguished as
speech, music, or noise. It also interprets words that are heard into an associated thought pattern of understanding. The
gnostic area of the cerebrum, (areas 5, 7, 39 and 40) helps to integrate all incoming sense patterns so that a common
thought can be formed (correlated) using all arriving sensory information.

Hearing Underwater

Hearing threshold and the ability to localize sound sources are reduced underwater. in which the speed of sound is
faster than in air. Underwater, hearing is by bone conduction and localization of sound appears to depend on
differences in amplitude detected by bone conduction.

Localization of Sound by Humans

Humans are normally able to hear a variety of sound frequencies, from about 20 Hz to 20 kHz. Our ability to estimate
just where the sound is coming from, sound localization, is dependent on both hearing ability of each of the two ears,
and the exact quality of the sound. Since each ear lies on an opposite side of the head, a sound will reach the closest
ear first, and its amplitude will be loudest in that ear. Much of the brain's ability to localize sound depends on
interaural (between ears) intensity differences and interaural temporal or phase differences.

Two mechanisms are known to be used.

Bushy neurons can resolve time differences as small as the time it takes sound to pass one ear and reach the other (10
milliseconds). For high frequencies, frequencies with a wavelength shorter than the listener's head, more sound
reaches the nearer ear. Human echolocation is a technique involving echolocation used by some blind humans to
navigate within their environment.

Process of Equilibrium

Equilibrioception or sense of balance is one of the physiological senses. It allows humans and animals to walk without
falling. Some animals are better in this than humans, for example allowing a cat (as a quadruped using its inner ear
and tail) to walk on a thin fence. All forms of equilibrioception can be described as the detection of acceleration.

It is determined by the level of fluid properly called endolymph in the labyrinth — a complex set of tubing in the inner
ear.

When the sense of balance is interrupted it causes dizziness, disorientation and nausea.

You can temporarily disturb your sense of balance by closing your eyes and turning rapidly in circles five or six times.
This starts the fluid swirling in circles inside your ear canal. When you stop turning it takes a few seconds for the fluid
to lose momentum, and until then the sense from your inner ear conflicts with the information coming from your
vision, causing dizziness and disorientation. Most astronauts find that their sense of balance is impaired when in orbit,
because there is not enough gravity to keep the ear's fluid in balance. This causes a form of motion sickness called
space sickness.

Disorders with the Ear




Case Study A 45-year-old woman wakes up not feeling well. She believes that she may be coming down
with the flu due to nausea that she is feeling, so she continues with her day. As the day progresses so does
the feeling of nausea. While watching a movie with members of her family, the sick feeling seems to
intensify and so they leave the movie. In the lobby of the movie theater she becomes very unbalanced and
collapses. The fear is that she is experiencing a stroke. After being taken to the hospital via ambulance, the
ER doctors also feel that it may be a stroke and do CAT scans to verify. Nothing shows up on the scans
but the feeling of nausea and vertigo are intense. The woman is later diagnosed with an inner ear
infection. The next 6-9 months of her life are filled with antibiotics, balance therapy and continued nausea
and vertigo. Nothing seems to help so the doctors go into her inner ear surgically through her skull. They
cut the vestibular nerve that is linked to the balance center on the left side. The right inner ear will
eventually compensate for this loss of balance however it will take months of balance therapy. After a year
from the onset on the inner ear infection, the woman has had three inner ear surgeries, loss of hearing in
the left ear and problems with her balance. Doctors have told her they have done everything that they can
and that she will now have to live with these conditions on a daily basis.

Deafness
The word deaf can have at least two different meanings. The first term is used to indicate the
presence of enough hearing loss such that an individual is not sensitive to sound. Someone with a
partial loss of hearing is more likely to be referred to as hearing impaired or the qualified partially
deaf by professionals. The second term is used to indicate someone who considers themselves
‘culturally deaf', and they often use a capital D to distinguish this. Deaf people often are signers and
consider that their Deafness is not something that needs to be medically fixed.

Cochlear Implants A cochlear implant is a device which has been used to restore hearing function to
some deaf and hearing impaired people. It consists of an internal device; which extends electrodes into the
cochlea and indirectly stimulates the auditory nerve, and an external device; which works much like a
hearing aid, except it transmits information to the internal device rather than to the ear. The cochlear
implant basically bypasses the middle ear and the cochlea hair cells, and allows some people with damage
to these structures to hear 'electronically’.

Otitis Media
An inflammation of the middle ear segment. It is usually
associated with a buildup of fluid and frequently causes an
earache. The fluid may or may not be infected. The typical
progress of otitis media is: the tissues surrounding the
Eustachian tube swell due to an infection and/or severe
congestion. The Eustachian tube remains blocked most of the
time. The air present in the middle ear is slowly absorbed into
the surrounding tissues. A strong negative pressure creates a
vacuum in the middle ear. The vacuum reaches a point where
fluid from the surrounding tissues accumulates in the middle
ear. Streptococcus pneumoniae and Haemophilus influenzae
are the most common bacterial causes of otitis media. As well as being caused by Streptococcus
pneumoniae and Haemophilus influenzae it can also be caused by the common cold.

Vertigo (dizziness)
Vertigo, sometimes called a headrush, is a major symptom of a balance disorder. It is the sensation
of spinning while the body is stationary with respect to the earth or surroundings. With the eyes shut,
there will be a sensation that the body is in movement, called subjective vertigo; if the eyes are
open, the surroundings will appear to move past the field of vision, called objective vertigo. The
effects may be slight. It may cause nausea or, if severe, may give rise to difficulty with standing and
walking. Vertigo is usually associated with a problem in the inner ear balance mechanisms
(vestibular system), in the brain, or with the nerve connections between these two organs. The most
common cause is benign paroxysmal positional vertigo, or BPPV. Vertigo can be a symptom of an
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underlying harmless cause, such as in BPPV or it can suggest more serious problems. These
include drug toxicities, strokes or tumors (though these are much less common than BPPV).

Motion sickness
Motion sickness is a condition in which the endolymph (the fluid found in the semicircular canals of
the inner ears) becomes 'stirred up’, causing confusion between the difference between apparent
perceived movement (none or very little), and actual movement. Depending on the cause, itis also
referred to as seasickness, carsickness, airsickness, or spacesickness. Nausea is the most
common symptom of motion sickness. If the motion causing nausea is not resolved, the sufferer will
frequently vomit within twenty minutes. Unlike ordinary sickness, vomiting in motion sickness tends
not to relieve the nausea. If you don't want to consult a doctor, one common form of relief is to eat
mints.

Dysacusis
Dysacusis is a hearing impairment characterized by difficulty in processing details of sound, but not
primarily a loss of the ability to perceive sound. May also refer to pain or discomfort due to sound.

Critical Thinking

The answers for these critical thinking questions can be found here (https://en.wikibooks.org/wiki/Human_Ph
ysiology/Appendix_1:_answers_to_review_questions#Critical_Thinking:_Hearing).

1. Explain how the pitch of sound is coded. How is the loudness of sound coded?
2. What do the three semicircular canals in the inner ear enable us to do? How do they accomplish this?

3. What does the eustachian tube do? What does the eustachian tube have to do with a middle ear
infection?

4. What is the advantage of having a oval window?

Touch

Touch is the first sense developed in the womb and the last sense used before death. With 50 touch receptors for every
square centimeter and about 5 million sensory cells overall, the skin is very sensitive and is the largest and one of the
most complex organs in our bodies. These touch receptors are grouped by type and include Mechanoreceptors
(sensitive to pressure, vibration and slip), Thermoreceptors (sensitive to changes in temperature), and Nocioreceptors
(responsible for pain).

Pacinian Corpuscles

Pacinian corpuscles detect gross pressure changes and vibrations. They are the largest of the receptors. Any
deformation in the corpuscle causes action potentials to be generated, by opening pressure-sensitive sodium ion
channels in the axon membrane. This allows sodium ions to influx in, creating a receptor potential. Pacinian
corpuscles cause action potentials when the skin is rapidly indented but not when the pressure is steady, due to the
layers of connective tissue that cover the nerve ending (Kandel et al., 2000). It is thought that they respond to high
velocity changes in joint position.

Meissner's Corpuscle

Meissner's corpuscles are distributed throughout the skin, but concentrated in areas especially sensitive to light touch,
such as the fingertips, palms, soles, lips, tongue, face, nipples and the external skin of the male and female genitals.
They are primarily located just beneath the epidermis within the dermal papillae. Any physical deformation in the
Meissner’s corpuscle will cause an action potential in the nerve. Since they are rapidly adapting or phasic, the action
potentials generated quickly decrease and eventually cease. If the stimulus is removed, the corpuscle regains its shape
and while doing so (ie: while physically reforming) causes another volley of action potentials to be generated. (This is
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the reason one stops "feeling" one's clothes.) This process is called sensory adaption. Because of their superficial
location in the dermis, these corpuscles are particularly sensitive to touch and vibrations, but for the same reasons, they
are limited in their detection because they can only signal that something is touching the skin. Meissner's corpuscles
do not detect pain; this is signaled exclusively by free nerve endings.

Merkel’s Discs
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extremely sensitive to tissue displacement, and may respond to displacements of less than 1 um. Several studies
indicate that they mediate high-resolution tactile discrimination, and are responsible for the ability of our fingertips to
feel fine detailed surface patterns (e.g. for reading Braille).

Ruffini corpuscles

Ruffini corpuscles are Thermoreceptors, aiding in the detection of temperature changes. Named after Angelo Ruffini,
the Ruffini ending is a class of slowly adapting mechanoreceptor thought to exist only in the glabrous dermis and
subcutaneous tissue of humans. This spindle-shaped receptor is sensitive to skin stretch, and contributes to the
kinesthetic sense of and control of finger position and movement.

Disorders of Touch

Sensory Processing Disorder
In most people sensory integration occurs naturally without a thought process. Butin some people
the sensory integration does not develop properly and becomes distorted. In these people, the brain
and central nervous system misinterprets everyday sensory information such as touch, sound and
movement. Research is still being done on this disorder but they are finding direct links to SPD with
other disorders like ADD/ADHD, premature birth, Autism, Down’s Syndrome and Fragile X.

Tactile defensiveness
Considered a category of SPD, tactile defensiveness is an overreaction to the sense of touch.
Identified by Dr. Jean Ayers in the 1960’s. A person with tactile defensiveness will react with a “flight
or fight” reaction to touch stimuli that a normal person would interpret as harmless. Most cases are
noticed in children or babies due to the fact that they do not want to be touched or cuddled as a
normal child would. A child with this disorder will probably have these sign or symptoms:

= Does not like to go barefoot or have feet touched

= Does not enjoy baths, haircuts, nail clipping

= Requires tags to be removed from all clothing

= Does not want their face touched

= Hard time eating because of textures, temperatures of the food
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= Does not want to touch anything that is messy or has a sticky texture

Congenital insensitivity to pain with anhidrosis or CIPA
Exceedingly rare disease. There are only about 35 known cases in the United States. CIPA is a
severe autosomal recessive condition in which the peripheral nerves demonstrate a loss of
unmyelinated and small myelinated fibers. The actual physiopathological mechanism is still
unknown and being studied- this is an extremely hard disease to study due to the rarity of cases.
Most people with the disease will not live long due to injuries received that go untreated because
they are unknown and severe

Case Study
Insensitivity to pain

Wouldn't it wonderful if you could no longer feel pain. Is that not something we all would like to have? Or do we
have pain for a good reason? Although it is rare there is a disease known as congenital insensitivity to pain. This
genetic abnormality cause some people to lack certain components of the sensory system to receive pain. The exact
reason for the problem is unknown and varies between people. Sadly people who have the disease often die in
childhood. Injuries are very common with people who have congenital insensitivity to pain. They often will lose
digits, may suffer from burns and their knees often have sores from kneeling to long. Clearly pain has a purpose, it is
our warning signal when things are awry.

The newborn's senses

Newborns can feel all different sensations, but respond most enthusiastically to soft stroking, cuddling and caressing.
Gentle rocking back and forth will oftentimes calm a crying infant, as will massages and warm baths. Newborns may
comfort themselves by sucking their thumbs, or a pacifier. The need to suckle is instinctive and allows newborns to
feed.

Vision
Newborn infants have unremarkable vision, being able to focus on objects only about 18 inches
(45 cm) directly in front of their face. While this may not be much, itis all that is needed for the infant
to look at the mother’s face when breastfeeding. When a newborn is not sleeping, or feeding, or
crying, he or she may spend a lot of time staring at random objects. Usually, anything that is shiny,
has sharp contrasting colors, or has complex patterns will catch an infant's eye. However, the
newborn has a preference for looking at other human faces above all else.

Hearing
While still inside the mother, the infant can hear many internal noises, such as the mother's
heartbeat, as well as many external noises including human voices, music and most other sounds.
Therefore, although a newborn's ears may have some fluid present, he or she can hear sound from
birth. Newborns usually respond to a female's voice over a male's. This may explain why people
will unknowingly raise the pitch of their voice when talking to newborns. The sound of other human
voices, especially the mother's, can have a calming or soothing effect on the newborn. Conversely,
loud or sudden noises will startle and scare a newborn.

Taste
Newborns can respond to different tastes, including sweet, sour, bitter, and salty substances, with
preference toward sweets.

Smell
A newborn has a developed sense of smell at birth, and within the first week of life can already
distinguish the differences between the mother's own breast milk and the breast milk of another
female.
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Review Questions

Answers for these questions can be found here (https:/len.wikibooks.org/wikiiHuman_Physiology/
Appendix_1:_answers_to_review_questions#Senses)

1. Located under the hardest bone in the body, these control not only hearing but also a sense of gravity and motion:
A) The incus and the stapes

B) The pinna and the ear drum

C) the vestibular nerve and the semicircular canals

D) The eustachian tube and the stapes

2. The retina does the following;

A) allows vision in light and dark, using cones and rods

B) Gives depth perception using binocular vision

C) Contains the ciliary muscles that control the shape of the lens

D) Protects and supports the shape of the eye

3. This is the reason that we stop feeling the clothes that we are wearing

A) Merkel’s Discs are somewhat rigid in structure, and the fact that they are not encapsulated, causes them to have a
sustained response

B) Meissner’s corpuscle are rapidly adapting or phasic, the action potentials generated quickly decrease and
eventually cease

C) Ruffini corpuscles is a class of slowly adapting mechanoreceptor

D) Pacinian corpuscles allow sodium ions to influx in, creating a receptor potential
4. When eating a piece of candy, I will use the following to sense that it is sweet
A) Fungiform papillae

B) Filiform papillae

C) Foliate papillae

D) Circumvallate papillae

E) All of the above

5. If T have a cold, food may not taste as good to me because

A) The nerve fibrils are not functioning properly

B) My food will taste the same; taste and smell have nothing in common
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C) Papilla become blocked by mucus and are unable to function

D) Olfaction, taste and trigeminal receptors together contribute to the flavor of my food

6. Walking from a well lit room into a dark room would cause the following to occur

A) The sclera in the eye to open and eventually allow me to see in the dark

B) The extraocular muscles in the eye to open and eventually allow me to see in the dark

C) The cones in the eye to open and eventually allow me to see in the dark

D) the rods in the eye to open and eventually allow me to see in the dark

7. Hair cells in the ear

A) Are the actual sensory receptors that will fire off action potentials when they are disturbed

B) Show a graded response, instead of the spikes typical of other neurons

C) “Rub” against the overhanging tectorial membrane

D) All of the above

8. Eyesight decreases with age because

A) Older eyes receive much less light at the retina

B) There are numerous eye diseases that can affect an older eye

C) The extent to which the pupil dilates decreases with age

D) all of the above

9. Teens walking off of a roller coaster in Magic Mountain seem to have vertigo because

A) The fluid in the auricle has not stopped moving causing conflicts with the information coming from your vision
B) the fluid in the cochlea has not stopped moving causing conflicts with the information coming from your vision

C) The fluid in the tympanic membrane has not stopped moving causing conflicts with the information coming from
your vision

D) The fluid in the stirrup has not stopped moving causing conflicts with the information coming from your vision
10. These receptors react to foods treated with monosodium glutamate

A) Salt

B) Sour

C) Bitter

D) Sweet

E) Umami

11. What senses fall under the category of chemoreception?

A) Hearing and smell



B) Touch and hearing
C) Vision and taste

D) Taste and smell

Glossary

Anosmia: Lack of olfaction, or a loss of the sense of smell
Auditory Canal: Tube from the auditory meatus or opening of the ear to the tympanic membrane

Auditory Tube: Either of the paired tubes connecting the middle ears to the nasopharynx; equalizes air pressure on
the two sides of the eardrum

Chemoreception: Physiological response of a sense organ to a chemical stimulus
Choroid: Vascular layer of the eye lying between the retina and the sclera

Circumvallate papillae: Papillae that are present on the back of the oral part of the tongue
Cochlea: Is concerned with hearing, resembling a shell of a snail

Dysosmia: When things smell differently than they should

Equilibrium: Sense of balance

Extraocular muscles: Six muscles that control eye movements: lateral rectus, medial rectus, inferior rectus, superior
rectus, inferior oblique and superior oblique

Filiform papillae: Thin, longer papillae that don't contain taste buds but are the most numerous

Foliate papillae: Ridges and grooves towards the posterior part of the tongue

Fungiform papillae: These are present mostly at the apex (tip) of the tongue- slightly mushroom shaped
Gustation: The sense of taste

Hair Cell: Mechanosensors for hearing, columnar cells each with a bundle of 100-200 specialized cilia at the top
Haptic: From the Greek Haphe, means pertaining to the sense of touch

Hyposmia: Decreased ability to smell

Inner Ear: Innermost part of the ear, contains the cochlea, vestibule and semi-circular canals
Mechanoreceptor: Sensory receptor that responds to mechanical pressure or distortion

Meissner's Corpuscle: Encapsulated unmyelinated nerve endings, usually found in areas sensitive to light touch
Middle Ear: Air filled cavity behind the eardrum, includes most of the eardrum and ear bones

Nasopharynx: Nasal part of the pharynx that lies behind the nose and above the level of the soft palate
Nociception: The perception of pain

Olfaction: The sense of smell

Otitis Media: An inflammation of the middle ear



Outer Ear: External portion of the ear, includes the auricle, ear canal and surface of the ear drum

Oval Window: Fenestra that has the base of the stapes attached to it

Pacinian Corpuscles: Detect gross pressure changes and vibrations

Papilla: Specialized epithelial cells that are small projections on the top of the tongue

Perception: The brain’s interpretation of a sensation

Phantosmia: Phenomenon of smelling odors that aren't really present (AKA Phantom odors)
Photoreceptors: Specialized type of neuron found in the eye's retina that is capable of phototransduction
Pinna: Auricle of the ear

Retina: Thin layer of neural cells that lines the back of the eyeball of vertebrates and some cephalopods
Round Window: Fenestra leading into the cochlea

Sclera: White outer coating of the eye- gives the eye its shape and helps to protect the delicate inner parts
Semicircular Canals: Certain canals of the inner ear

Sensation: Occurs when nerve impulses arrive in the brain

Sensory adaptation: A decrease in response to stimuli

Stapes: One of the small bones in the tympanum of the ear; the stirrups bone

Tactition: The sense of pressure perception, generally in the skin

Tympanic Membrane: The membrane in the ear that vibrates to produce sound

Umami: Japanese word meaning savory or meaty- type of taste signal
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The Muscular System

The muscular system is the biological system of humans that produces movement. The muscular system, in
vertebrates, is controlled through the nervous system, although some muscles, like cardiac muscle, can be completely
autonomous. Muscle is contractile tissue and is derived from the mesodermal layer of embryonic germ cells. Its
function is to produce force and cause motion, either locomotion or movement within internal organs. Much of muscle
contraction occurs without conscious thought and is necessary for survival, like the contraction of the heart or
peristalsis, which pushes food through the digestive system. Voluntary muscle contraction is used to move the body
and can be finely controlled, such as movements of the finger or gross movements that of the biceps and triceps.
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Muscle structure

Muscle is composed of muscle cells (sometimes known as
"muscle fibers"). Within the cells are myofibrils; myofibrils
contain sarcomeres which are composed of actin and myosin.
Individual muscle cells are lined with endomysium. Muscle cells
are bound together by perimysium into bundles called fascicles.
These bundles are then grouped together to form muscle, and is
lined by epimysium. Muscle spindles are distributed throughout
the muscles, and provide sensory feedback information to the
central nervous system. Skeletal muscle, which involves muscles
from the skeletal tissue, is arranged in discrete groups. An
example is the biceps brachii. It is connected by tendons to
processes of the skeleton. In contrast, smooth muscle occurs at

various scales in almost every organ, from the skin (in which it controls erection of body hair) to the blood vessels and
digestive tract (in which it controls the caliber of a lumen and peristalsis, respectively).

There are approximately 640 skeletal muscles in the human body
(see list of muscles of the human body). Contrary to popular
belief, the number of muscle fibers cannot be increased through
exercise; instead the muscle cells simply get bigger. It is however
believed that myofibrils have a limited capacity for growth
through hypertrophy and will split if subject to increased
demand. There are three basic types of muscles in the body
(smooth, cardiac, and skeletal). While they differ in many
regards, they all use actin sliding against myosin to create muscle
contraction and relaxation. In skeletal muscle, contraction is
stimulated at each cell by nervous impulses that releases
acetylcholine at the neuromuscular junction, creating action
potentials along the cell membrane. All skeletal muscle and
many smooth muscle contractions are stimulated by the binding
of the neurotransmitter acetylcholine. Muscular activity accounts
for most of the body's energy consumption. Muscles store

A top-down view of skeletal muscle

energy for their own use in the form of glycogen, which represents about 1% of their mass. Glycogen can be rapidly

converted to glucose when more energy is necessary.

Types

There are three types of muscles:

Smooth muscle

Skeletal muscle

Cardiac muscle

= Smooth muscle or "involuntary muscle" consists of spindle shaped muscle cells found within the
walls of organs and structures such as the esophagus, stomach, intestines, bronchi, uterus, ureters,
bladder, and blood vessels. Smooth muscle cells contain only one nucleus and no striations.

= Cardiac muscle is also an "involuntary muscle" butitis striated in structure and appearance. Like
smooth muscle, cardiac muscle cells contain only one nucleus. Cardiac muscle is found only within

the heart.

= Skeletal muscle or "voluntary muscle" is anchored by tendons to the bone and is used to effect
skeletal movement such as locomotion. Skeletal muscle cells are multinucleated with the nuclei
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peripherally located. Skeletal muscle is called 'striated' because of the longitudinally striped
appearance under light microscopy. Functions of the skeletal muscle include:

= Support of the body

Aids in bone movement

Helps maintain a constant temperature throughout the body

Assists with the movement of cardiovascular and lymphatic vessels through contractions
Protection of internal organs and contributing to joint stability

Cardiac and skeletal muscle are striated in that they contain sarcomere and are packed into highly-regular
arrangements of bundles; smooth muscle has neither. Striated muscle is often used in short, intense bursts, whereas
smooth muscle sustains longer or even near-permanent contractions.

Skeletal muscle is further divided into several subtypes:

= Type |, slow oxidative, slow twitch, or "red" muscle is dense with capillaries and is rich in mitochondria
and myoglobin, giving the muscle tissue its characteristic red color. It can carry more oxygen and
sustain aerobic activity.

= Type ll, fast twitch, muscle has three major kinds that are, in order of increasing contractile speed:

= a) Type lla, which, like slow muscle, is aerobic, rich in mitochondria and capillaries and appears
red.

= b) Type lIx (also known as type lld), which is less dense in mitochondria and myoglobin. This is
the fastest muscle type in humans. It can contract more quickly and with a greater amount of force
than oxidative muscle, but can sustain only short, anaerobic bursts of activity before muscle
contraction becomes painful (often attributed to a build-up of lactic acid). N.B. in some books and
articles this muscle in humans was, confusingly, called type 1IB

= ) Type llb, which is anaerobic, glycolytic, "white" muscle that is even less dense in mitochondria
and myoglobin. In small animals like rodents or rabbits this is the major fast muscle type,
explaining the pale color of their meat.

For most muscles, contraction occurs as a result of conscious effort originating in the brain. The brain sends signals, in
the form of action potentials, through the nervous system to the motor neuron that innervates the muscle fiber.
However, some muscles (such as the heart) do not contract as a result of conscious effort. These are said to be
autonomic. Also, it is not always necessary for the signals to originate from the brain. Reflexes are fast, unconscious
muscular reactions that occur due to unexpected physical stimuli. The action potentials for reflexes originate in the
spinal cord instead of the brain.

There are three general types of muscle contractions, skeletal muscle contractions, heart muscle contractions, and
smooth muscle contractions.

Muscular System Working With Other Body Systems

1. Homeostasis

2. Protection

3. Calcium Metabolism

4. Maintaining Body Temperature

Skeletal Muscle Contractions

Steps of a skeletal muscle contraction:

= An action potential reaches the axon of the motor neuron.



The action potential activates voltage gated calcium ion channels on the axon, and calcium rushes in.

The calcium causes acetylcholine vesicles in the axon to fuse with the membrane, releasing the
acetylcholine into the cleft between the axon and the motor end plate of the muscle fiber.

The skeletal muscle fiber is excited by large myelinated nerve fibers which attach to the
neuromuscular junction. There is one neuromuscular junction for each fiber.

The acetylcholine diffuses across the cleft and binds to nicotinic receptors on the motor end plate,
opening channels in the membrane for sodium and potassium. Sodium rushes in, and potassium
rushes out. However, because sodium is more permeable, the muscle fiber membrane becomes more
positively charged, triggering an action potential.

The action potential on the muscle fiber causes the sarcoplasmic reticulum to release calcium
ions(Ca+t+).

The calcium binds to the troponin present on the thin filaments of the myofibrils. The troponin then
allosterically modulates the tropomyosin. Normally the tropomyosin physically obstructs binding sites
for cross-bridge; once calcium binds to the troponin, the troponin forces the tropomyosin to move out
of the way, unblocking the binding sites.

The cross-bridge (which is already in a ready-state) binds to the newly uncovered binding sites. It then
delivers a power stroke.

ATP binds the cross-bridge, forcing it to conform in such a way as to break the actin-myosin bond.
Another ATP is split to energize the cross bridge again.

Steps 7 and 8 repeat as long as calcium is present on thin filament.

Throughout this process, the calcium is actively pumped back into the sarcoplasmic reticulum. When
no longer present on the thin filament, the tropomyosin changes back to its previous state, so as to
block the binding sites again. The cross-bridge then ceases binding to the thin filament, and the
contractions cease as well.

Muscle contraction remains as long as Ca++ is abundant in sarcoplasm.

Types of Contractions:

Isometric contraction--muscle does not shorten during contraction and does not require the sliding of
myofibrils but muscles are stiff.

Isotonic contraction--inertia is used to move or work. More energy is used by the muscle and
contraction lasts longer than isometric contraction. Isotonic muscle contraction is divided into two
categories: concentric, where the muscle fibers shorten as the muscle contracts (ie. biceps brachialis
on the up phase of a biceps curl); and eccentric, where the muscle fibers lengthen as they contract (ie.
biceps brachialis on the down phase of a biceps curl).

Twitch--exciting