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ANATOMY & PHYSIOLOGY I

ANATOMY & PHYSIOLOGY II

The Lymphatic and Immune
System (L)

Innate (nonspecific) defenses (L.5)

inflammatory
response (L.5.7)

- histamine- for inflammation.
prostiglandins- vasodilation. Bradykinn- vasodilation. L.5.7b
Basophils and mast cells

L.5.7c

- because of the blood rushing
through and histamine. - because of all
the extra blood coming through.

Redness
Heat

 extra fluid coming in and because of
inflammation.
Swelling-

 caused by kinins and the fluid putting pressure
on the nerves.
Pain-

 starts when tissue gets damaged by anything.
L.5.7a
inflammation

 brings more macrophages to the site of infection to
"clean up" the mess and brings more blood to the site as well.
L.5.7d

inflammation

surface membrane
barriers (L.5.1)

- slows micrboes downhyaluronic acid

- creates low pH which interferes with microbe
growth
sebaceous glands

- removes potential pathogen from skinexfoliation

- provides a physical, chemical, and biological barrier
for the body
epidermis

- help wash away microbessweat glands

Define diapedesis, chemotaxis,
opsonization, and membrane attack
complex and explain their importance.
(L.5.2)

- the movement of WBCs towards a chemical signalChemotaxis

- the covering of antibodies on a foegien antigen
that will the be "eaten" by a WBCs

Opsonization

- the squeezing through of WBCs through blood
capillaries.

Diapedesis

- is a protein channel that will
integrate to the cell membrane and cause the cell to leak and

shrivel.

membrane attack complex (MAC)

steps involved in
phagocytosis. (L.5.3)

- activated by inflammationActivation of Phagocyte

 phagocyte eats the pathogeningestion of microbe

 Phagocyte destroys the pathogendestruction

 movement of the phagocyte by chemical
messengers to the site of infection

chemotaxis

phagocytes attaches to the microbeattachment 

NK cells function (L.5.4)
NK cells are a type of white blood cell that goes out and attacks
anything that is foreign to the body and eliminates it. The way it

does that is with chemicals it secrets called - which
perforates the cell membrane and - which enter the

cell after it has been perforated and causes apoptosis.

 perforin
 Granzymes

complement and interferon function (L.5.5)
 is a type of cytokine that is released from

a virus infected cell which alerts other neighboring
cells to look out for the virus.

Interferon

 are a group of proteins that attach to
foreign antigens and will either cause an effect

Complements

Fever (L.5.8)

the mechanism of fever is to raise the temperature in the body to
kill off any foreign substance. Pyrogens are molecules that targets

the hypothalamus to start a fever.

Introduction to innate
(nonspecific) defenses &

adaptive (specific)
defenses (L.4)

Describe the roles of various types of
leukocytes in innate and adaptive

body defenses. (L.4.3)

Innate defense cells

Macrophages
eat anything that is foreign to the body

Dendritic cells

eats anything that is foreign to the body and will present it to the T
Helper cell to cause an immune reaction

NK cells
monitor our own cells and kill anything that is foreign to the body

Basophils
secrete histamine (inflammation) and heparin (anticoagulant)

Neutrophils
attack bacteria

Eosinophils
attack worm and allergies

Monocytes
Fight off chronic conditions and viruses

Adaptive defense cells

T- Cells
Regulatory T cells

regulate the immune response

Memory T cells create memory cells for the next time
the body gets exposed to the same
foreign antigen

Helper T cells

Calls for help when presented with a
foreign antigen

Cytotoxic T cells

go out to own cells and monitors them to
make sure they arent infected with a
specific foreign antigen

B-Cells

plasma cells
make anybodies to fight

Memory B cells

creates memory cells for the next time the body
gets exposed to the same foreign antigen

Compare and contrast innate (nonspecific) defenses with
adaptive (specific) defenses (L.4.1)

The difference between the innate and the adaptive defenses is that the innate system is
nonspecific meaning that it will attack anything that is foreign the body without question. While
the adaptive defense will attack but something in specific not just anything out of random. Also
another difference is that the adaptive defense has memory cells in order to respond to a foreign
body a second time while the innate doesn't.

Lymphatic System Anatomy

Lymphatic cells, tissues, &
organs (L.3)

Thymus
anterior and superior mediastinum

site of T-Lymphocytes maturation and differentiation

contains medulla and cortexs

Lymph nodes
filters lymph; immune response is initiated in the lymph

Along the length of lymph vessels; in axillary, inguinal, and
cervical regions

Germinal centers, efferent and afferent vessels, cortex and
medulla

Spleen

contains red and white pulp that deals with RBCs and WBCs

left upper quadrant near the 9th and 11th rib. part way around
stomach

removes old RBCs; serves as platelet reservoir;where immune
response is initiated in the blood;

MALTs
GI tract (lacteals, peyers patches)

Mucosa-associated Lymphoid Tissue

lacteals, peyers patches

Tonsils
protect againt inhaled and ingested substance

Within the pharynx

Lymphatic nodules that contains germinal centers

Red bone Marrow

Where B cells develop and matured

Formed elements are made which includes all WBCs

Found in long bones

spongy bone

Lymph and Lymphatic
vessels (L.2)

diffrences between
blood vessels and

lymph vessels (L.2.2)

Lymphatic vessels

collects interstitial fluid and checks the fluid for anything foreign.

requires help from the skeletal muscle pump in order to move the
lymphatic fluid

only lets fluid in and not out. and only carries lymph

blood vessels

function

vein

carries blood back to the heart

valves are important to carry blood
back. uses help from the skeletal
muscle pump

artery carries blood away from the heart

uses muscles layers to pump blood
through out the body

Layers
tunica intima, media, and externa.

Lymph circulation (L.2.3) lymphatic capillaries --> lymphatic vessels-->
lympatic trunk--> cisterna chyli--> thoracic duct-->
Subclavian veins

Differences between whole blood,
plasma, interstitial fluid, and lymph (L.2.1)

- lacks formed elements but has large proteins and ionPlasma

- same as plasma but doesn't have large proteinsinterstitial fluid

- made up of the formed elements and carries other
stuff.
Whole blood

- like interstitial fluid but also carries some fat from the
digestive system.
Lymph

General functions of the
lymphatic system (L.1)

The lymphatic system transports and
houses lymphocytes and other immune
cells to defend against anything foreign. It
also helps the cardiovascular system
return excess fluid back to the blood to
maintain fluid balance, blood pressure,
and blood volume.

Homeostasis

Predictions related to homeostatic
imbalance, including disease states &

disorders (L.12)

 is a type of cancer that affects the WBCs and causes
an over proliferation of them, but in the process they are immature
and are not competent to fight off any type of foreign antigen.

Leukemia

 is a virus that attacks our Helper T cells and destroys them.
with out the Helper T cells we can not start an immune reaction to
defend yourself against it.

HIV

 is an autoimmune disorder where the antibodies attacks the
mylein sheats of the neuron and can result in double vision,
weakness, some loss of body function, ect.

MS

Application of homeostatic
mechanisms (L.11) They can activate the complement system to help out the immune

system to take the foreign particle out of the body or they could
cause a fever with the help of pyrogens.

Antibodies & their role in adaptive immunity (L.9)

Describe antibody
structure. (L.9.1)

it is a Y shaped protein that includes two
variable regions and one constant region.

five classes of antibodies (L.9.3)
- it is a dimer and its function is neutralization, and

agglutination
IgA

- it is a monomer and its functions are Neutralization
agglutination, precipitation, complement activation

IgG

- it is a monomer and it is produced during allergic reactionsIgE

- it is a pentamer and its functions are neutralization,
agglutination, and complement binding.

IgM

- it is a monomer and its receptor is on the B cell.IgD graph of the primary and
secondary immune response

(L.9.4)

During first exposure there is a pretty big latent phase and there
are not so many antibodies in the serum. While on the second
graph the latent phase is very short and there are a lo of
antibodies in the serum during the second exposure

mechanisms of antibody action (L.9.2)

They take down foreign antigens that are going to cause an
immune reaction. Neutralization, agglutination, precipitation,

opzination, activation of NK cells, and complement fixation

Antigen binding site
- antibodies cross link "clump"agglutination

- antibodies cross link particles forming in soluble
antigen
precipitation

- atibody covers the active portion of microbe.Neutralization

FC region

- binds to NK cells and triggers cytotoxic
chemicals to be relased from them
activation of NK cells

- FC region binds to complemt proteins:
complements activated
complement fixation

- FC region binds to receptors of phagcytic cell,
causes phagocytosis
opzination

Applied
immunology

(L.10)

Distinguish between active and
passive immunity. (L10.1) In active immunity memory cells are made and an immune

response is started. While in passive immunity no memory cells
are made and usually the antibodies are coming from someone
else

natural and artificial active and
passive immunity. (L.10.2)

Active immunity

 you creating antibodies to fight off an infection and
making memory for the future. for example like the Flu or getting
any other infection.

Active natural

you are creating antibodies to fight off an
infection and making memory but not from actually getting an
infection but from a vaccine

Active artificial 

Passive immunity

 you are not creating antibodies or memory
because you are getting them from someone else. In this case it
would be from crossing the placenta or from breast milk when you
are a newborn

Passive natural

 you are not creating antibodies or memory
because you are getting them from someone else. in this case
from plasma or serum

Passive artificial

Lymphocytes & their role in
adaptive immunity (L.8)

helper T cells, cytotoxic T cells, regulatory
(or suppressor) T cells, B cells, plasma
cells, and memory cells (L.8.1)

l- they regulate the immune response and shut
it down when the body has successfully gotten rid of the foreign

body out of our body.

Regulatory T cel

- they monitor the humoral immunity and can differentiate
into plasma cells

B cells

- go out to the cells and destroy the cells that
display foreign antigens on there MHC 1

Cytotoxic T cells

- create antibodies in order to fight off infection in
the body

Plasma cells

- help start up the immune response when the
APC shows it a foreign antigen

Helper T cells

- create memory to the foreign body that invaded
the body so that the next time it ever comes in contact the body

can start an immune response much faster

Memory cells

immunocompetence and
self tolerance (L.8.2)

Self tolerance is being able to not attack your own cells. (L.8.2b)

Positive selection- if it read the MHC its good to go to negative
section. if not it goes through apoptosis. Negative selection if it

reads self antigen then it goes through apoptosis, but if it doesnt
read self antigen then it is done and becomes incompetent

The way B cells defend is by using antibodies that are made by
the plasma cells. While the way T cells defend is that they they

can secrete cytokines like interluken 2, perforin, granzymes, and
other stuff

Immunocompetence- is being commpetent to start an immune
response (L.8.2a)

Antigens & antigen
processing (L.7)

complete antigens, haptens, antigenic
determinants and self-antigens (L.7.2)

- is usually not immunogenic by itself, but has reactivity,
which may lead to allergic reactions

Haptens

- is a specific site on the antigen
molecule that is recognized by the immune system

Antigenic determinants

- can cause an immunue response and is very
reactive with lymphocytes

complete antigen

- these are found on our own cells to show the body
that they are not foreign.

Self-antigens

major histocompatibility complex
(MHC): (L.7.3)

MHC 1 are found on all cells of the body except RBCs, MHC 2 are
found on antigen presenting cells like macrophages or dendritic

cells. L.7.3b

MHC1 they can display self antigen if they are ok, but can display
foreign antigen if they are sick. MHC 2 they will only display

foreign antigens. L.7.3c

They can either display self or foreign antigen L.7.3a

role of antigen-presenting
cells (APCs) (L.7.5)

The role of APCs are to find anything foreign then present foreign
antigens to the Helper T cells in order to mount an immune

response against the foreign body. Cells that function like APCs
are Macrophages, and Dendritic cells

Define antigen and antigen receptor. (L.7.1) is a receptor that binds to an antigen.antigenic receptor

 is a substance that binds to a component of the of the
adaptive immunity

antigen

Overview of adaptive (specific)
defense (L.6)

immunological memory (anamnestic) response. (L.6.2)

Here memory cells will make memory to foreign antigens that
have invaded the body at one point and if ever needed again they

will be the first to respond to the foreign antigen

 (L.6.1)humoral and cell-mediated immunity

Cell-mediated immunity

T-cells will oversee this immunity. they will attack directly and lyse
body cells that have been infected which will release chemicals to

enhance inflammation, attract other macrophages, and other
lymphocyte

humoral-mediated immunityB- cells will oversee this immunity. Plasma cell will also be here
and they will provide antibodies to bind to anything foreign in the

body

The Cardiovascular System
(K)

Anatomy of the Heart (K6)

External Sulci Coronary Sulcus
extends the circumference of the heart to separate the atria and
the ventricles externally

Anterior Interventricular Sulcus
extends inferiorly from the coronary sulcus to separate the
ventricles anteriorly

Posterior Interventricular Sulcus

extends inferiorly from the coronary sulcus to separate the
ventricles posteriorly

Layers of Heart Wall

Myocardium

composed of cardiac
muscle tissue

Involuntary striated muscle

embedded with
intercalated discs

contains gap junctions which provide
low resistance pathway for flow of ions

which allows action potential to move
continuously

results in chambers acting as
a functional syncytium

contains desmosomes which anchor
the muscle cells together

Pericardium

Parietal Layer
in the middle, adheres to inner

surface of fibrous layer
simple squamous serous membrane

Visceral Layer

directly covers the heart wall
simple squamous serous membrane

Fibrous Layer most superficial
dense irregular connective tissue which
anchors heart to thoracic cavity

Pericardial cavity

Serous membranes secrete serous fluid into the space between
the layers to maintain a frictionless environment as the heart
beats

Endocardium

lined with simple squamous epithelium

is continuous with endothelium which lines blood vessels

Chambers

Right Atrium Located in the right superior portion
all blood enters the heart here to be sent to the right ventricle

Right Ventricle Located in the right inferior portion
blood comes from the right atrium and is sent to the lungs

Left Atrium

Located in the left superior portion
blood comes from the lungs and is sent to the left ventricle

Left Ventricle

Located in the left inferior portion
blood comes from the left atrium and is sent systemic

Valves

Semilunar Valves
Pulmonary Semilunar valve

located between the right ventricle and the pulmonary trunk

Aortic Semilunar valve
located between the left ventricle and the aorta

Atrioventricular valves

Left AV valve (Bicuspid)
located between left atrium and left ventricle

Right AV valve (Tricuspid)
located between right atrium and right ventricle

supported by papillary muscles with chordae tendineae

prevent backflow of blood within heart

Internal Septa

Interatrial Septum
Separates the atria interally

Interventricular Septum
Separates the ventricles internally

The heart is located posterior to
the sternum just left of the mid-
line between the lungs.

Coronary Vessels

Arteriesleft coronary artery

anterior interventricular artery

circumflex artery

right coronary artery

right marginal artery

posterior interventricular artery

coronary arteries are the first
branches of the aorta

Veins

coronary sinus
great cardiac vein

middle cardiac vein

small cardiac vein

drains straight into right atrium

Blood

Blood Plasma (K2)
Proteins

Regulatory proteins (<1%)

Produced by various
organs

Enzymes and hormones being transported

Fibrinogen (4%)

Produced by Liver
Responsible for blood clot formation

Albumins (58%) Produced in Liver
Greatest influence on blood
volume and pressure

Globulins (37%)

Gamma-Globuins
(Immunoglobulins)

Produced by Leukocytes
Antibodies for body defense

Alpha and Beta-Globulins Produced in Liver
transport insoluble molecules

Composition
92% Water

Colloid

Blood is a connective tissue
and plasma is the matrixFunctionsColloid Osmotic Pressure

Suspend formed elements and proteins

55% of whole blood

Formed Elements (K3)

45% of whole blood

Erythrocytes

The main function of erythrocytes is to transport oxygen from the
lungs to the tissues and carbon dioxide from the tissues to the
lungs

44% of whole blood

Normal ranges

Hematocrit Values Males: 42%-56%

Females: 38%-46%

Average RBC values Females: ~4.8 million

Males: ~5.4 million

Hematocrit
percentage of formed elements in blood

Biconcave cell that ejects nucleus
This allows for greater amount of
respiratory gases to be transported

Hemoglobin

made up by 4 globins

each globin contains
a heme group each heme group

contains iron to which
oxygen binds to

a protein that allows for
transportation of respiratory gases

Leukocytes

1% of whole blood

Average Value: 4,500-11,000

Granulocytes

visible granules in cytosol
Neutrophils 50%-70% of leukocytes

Phagocytizes bacteria

Eosinophils

1%-4% of leukocytes
Phagocytizes allergens and parasitic worms

Basophils

0.5%-1% of leukocytes
Releases histamine and heparin for inflammation

Agranulocytes

Lymphocytes 20%-40% of leukocytes
Produces antibodies for immune reactions

Monocytes

2%-8% of leukocytes
Phagocytize pathogens,cellular fragments, dead
cells, and debris

non visible granules in cytosol

Thrombocytes

<1% of whole blood

membrane-enclosed cellular fragments

Average Value: 150,000- 400,000

Serves in blood clotting (Hemostasis)

Hematopoiesis

Leukopoiesis

Agranulocytes

Monocyte line

Monocytes come from myeloid cell but are developed differently
then granulocytes

Lymphoid line
Lymphocyte cites develop from a lymphoid stem cell

Granulocytes
All three types of granulocytes develop from a myeloid cell

Platelets

The megakaryoblast is a large cell which developed from the
myeloid cell which breaks up into many small fragments called
platelets

Hemocytoblast
can differentiate and develop into many different kinds of cells

Occurs in the bone marrow
the formation and development of blood cells

Blood Grouping (K5)

Surface Antigens
glycoproteins that project from erythrocytes that act to identify your blood type

Rh FactorA surface antigen that is independent of ABO Antigens
antibodies only develop from prior exposure

Blood types

A+surface antigens for A and Rhcontains anti-B antibodies
permissible transfusions: A+, A-, O+, O-

A-surface antigen for Acontains anti-B antibodies
permissible transfusions: A-, O-

B+surface antigens for B and Rhcontains anti-A antibodies
permissible transfusions: B+, B-, O+, O-

B-surface antigen for Bcontains anti- A antibodies
permissible transfusions: B-, O-

AB+

surface antigens for A, B, and Rhcontains no antibodies
universal recipient

AB-

surface antigens for A and Bcontains no antibodies
permissible transfusions: A-, B-, AB-, O-

O+

surface antigen for Rhcontains anti-A and anti-B antibodies
permissible transfusions: O+, O-

O-

no surface antigens, universal donorcontains anti-A and anti- B antibodies
permissible transfusions: O-

Anitbodies
binds to foreign surface antigens in blood

Hemostasis (K4)

Accessory factors

Throughout the process, endothelial cells, platelets, and other blood
proteins release chemicals which amplify the events of hemostasis

This is an example of positive feedback. The stimulus is amplified until the end
goal is reached and it is stopped. More platelets arrive until plug is sufficient and

prostacyclin is released to stop the plug formation.

AnticoagulantsProteins or drugs that reduce the ability to coagulate
example: Asprin

Fibrinolytic drugs
Drugs that help dissolve blood clots, especially the fibrin portion

ProcoagulantsProteins or drugs that promote coagulation
example: prothrombin

Vitamins and NutrientsCalcium helps make thrombin and also helps activate various
steps of the common pathway

Vitamin K is required to synthesis some plasma proteins and
clotting factors

Clot Elimination

Fibrinolysis
Plasmin degrades fibrin strands to destroy the framework

Plasmin is made from Plasminogen

Plasminogen activator catalyzes the transformation

Common pathway
Extrinsic

initiated by damage to tissue outside of vessel

Intrinsic
initiated by damage to inside of vessel Hemostasis is the

stoppage of bleeding

Phases of Hemostasis
Vascular Spasms (1st)

vasoconstriction occurs to limit the amount of blood lost

Platelet Plug (2nd)

The damaged vessel wall exposes collagen fibers which
platelets begin to attach to with the help of proteins. As

the platelets stick to the wall, they develop long
processes that anchor themselves down which

effectively acts as a temporary block.

Coagulation (3rd)The formation of an insoluble protein network
composed of fibrin. This traps the elements of

blood and is called a blood clot.

Functions of the
Cardiovascular System (K1)

Transport of Vital nutrients Nutrients

Oxygen

Hormones

Metabolic Wastes

Protection
Leukocytes

Plasma Proteins

Platelets

Regulation
Body Temperature

Body pH

Fluid Balance

Adequate Perfusion

Delivering sufficient
blood to maintain the
health of all body
cells

Physiology of
Cardiac Muscle

Contraction (K7)

Electrical Events

Depolarization
Na+ rushes into cell causing RMP to become more positive

Plateau

K+ flows out of cell which triggers Ca2+ to flow into cell which
maintains RMP to keep cell depolarized

This phase is important because it allows the chambers of the
heart to completely empty before enters again which prevents
tetany which could cause irregular heartbeats

Repolarization

Ca2+ stops entering cell but K+ continues to flow out to make the
cell more negative to repolarize

Initiation of Action Potential

skeletal muscle cells
action potential comes from nerves

can exhibit tetany

requires neurotransmitter

cardiac pacemaker cells

nerves can affect rate of heartbeat

cardiac contractile cells

the action potential originates
from pacemaker cells

Autorhythmic which means they can depolarize spontaneously
without external influence

Conduction
System through

Heart (K9)

Sinatrial (SA) Node

initiates heartbeat

Autorhythmicity

SA nodal cells are capable of
generating and firing an action potential
without any external influence

pacemaker

EKG
QRS Complex

ventricular depolarization

atrial repolarization is masked

monitors electrical signals from the heart

P wave
atrial depolarization

T wave
ventricular repolarization

Purkinje Fibers

conducts signal to heart walls

allows for almost all cardiac muscle cells to act as one contractile unit

Atrioventricular Bundle
(Bundle of His)

conducts signal through interventricular septum and
separates into right and left branches

Atrioventricular
(AV) Node

delays conduction slightly to complete ventricular filling

Cardiac Center

housed in medulla oblongata sensory input is relayed from receptors

modifies cardiac activity

Parasympathetic cardioinhibitory center
vagus nerve slows down heartrate

vagal tone

continuous parasympathetic
stimulation of SA node to create a
normal resting heartrate

Sympathetic

cardioacceleratory center
increases heart rate and force of contraction

Maintaining Homeostasis (K15)

Kidneys
Homeostatic pressure is the driving force that allows the kidneys
to do its homeostatic work.

Exercise
When the body needs to work harder for any reason, cardiac
output will increase so that all tissues stay adequately perfused.

Body Temperature If the body overheats, the blood vessels in the skin will dilate. The
heat will radiate out of the body. If the body becomes cold, the
blood will be pulled into the core to keep life systems working.

Homeostatic Imbalances (K16)

myocardial infarction heart attack

occurs when coronary arteries are blocked. Function is disrupted
and could cause cardiac cells to die.

Atherosclerosis

Fatty plague buildup in vessels. This significantly increase
resistance and reduces blood flow

Hypertension
High blood pressure that damages the heart and blood vessels.

Blood Circulation (K13)

Coronary

collateral coronary circulation
a network of vessels used to bypass blockages

coronary arteries

left coronary artery (LAC)anterior interventricular artery

circumflex artery

first branch off aorta

right coronary artery
(RaMP)

marginal artery

posterior interventricular artery

Pulmonary

deoxygenated blood
through right side of heartpulmonary arterieslungs

pulmonary veins with oxygen
rich blood to left side of heart

pump oxygen poor blood to lungs to exchange
gases and return oxygen rich blood to heart

Systemic

oxygenated blood
through left side of heartarteries to body cells

exchange of nutrients,
gases, and wastes

veins bring back deoxygenated
blood to right side of heart

transports oxygen rich blood from left side of heart to body tissues
for exchange, and oxygen poor blood back to right side of heart

Hepatic Portal System

a network of veins that transports venous
blood from digestive organs and spleen to

liver for nutrient processing, then back to the
heart

veins that drain into
hepatic portal vein

splenic vein

superior mesenteric vein

inferior mesenteric vein

Fetal

Fetal Shunts

ductus venous

at birth becomes ligamentum venosum

shunts blood away from liver straight to heart because
the blood already has been processed

foramen ovaleat birth, closes to become fossa ovalis

shunts blood from right atrium to left atrium bypassing
the lungs because the blood already has oxygen

ductus arteriosusat birth becomes fibrous ligamentum arteriosum

shunts blood from pulmonary trunk to aorta, another lung
bypass because it already has oxygen

at some places blood within the fetus, oxygen poor and oxygen
rich blood is mixed due to common passageways

Placentasite of nutrient and gas exchange for the fetus

Umbilical vein takes oxygenated blood from placenta to the fetus

umbilical arteries takes deoxygenated blood from the fetus back
to the placenta

allows fetus to focus more on developing rather than nutrient
exchange

placenta

umbilical vein

ductus venosus

inferior vena cava

right atrium

foramen ovale
left atrium

left ventricle

aortaumbilical arteries

Cardiac Cycle (K10)

changes within the heart from
one heartbeat to the next

Systole
contraction of a heart chamber

Diastole
relaxation of a heart chamber

Phases

Ventricular filling

When the pressure is higher in the Atria, the AV valves open.
Atria also contract to push all blood to ventricles

Isovolumetric contractionThe pressure in the ventricles becomes higher so AV valves
close. Ventricles begin to contract but the pressure is still lower

than in the arterial trunk. Therefore all valves are closed so
volume stays the same.

Ventricular EjectionAs ventricles continue to contract, the pressure becomes greater
than in arterial trunks. Therefore semilunar valves are forced open

and blood is forced out of the ventricle.

Isovolumetric relaxation

Ventricles start to relax and the pressure lowers. This causes the
semilunar valves to close. The ventricles will continue to relax and

soon the cycle will start over.

Heart Sounds

LupAV valves closing
start of Isovolumetric contraction

the pressure in the ventricles is
higher than the atria

Dup

Semilunar valves
closing

start of isovolumetric relaxation

the pressure in the ventricles is
lower than the arterial trunks

Blood Pressure

Systolic

the amount of pressure
exerted on the artery wall

during ventricle contraction

Diastolicthe pressure exerted on
the artery wall during

ventricle relaxation

Normal= 120/80

Regulation of
Cardiac Output
(K11)

Stroke Volume (SV)

volume of blood ejected during one beat

SV= EDV- ESV
end diastolic volume (EDV)

amount of blood left in heart at the end of relaxation

variables that influence SV

afterload
resistance in arteries to ejection of blood

preload

the stretch of heart
walls before
contractionFrank-Starling law

As the volume of blood
increases there is a greater

stretch of the heart. This
results in greater force of

contraction

inotropic agents

positive

increase Ca2+ to increase contractility

epinephrine, norepinephrine, and thyroid hormone

negativedecreases Ca2+ to decreace contractitlity

electrolyte imbalannces

venous return
volume of blood returned to heart via great veins

end systolic volume (ESV)
amount of blood left in heart at the end of contraction

Cardiac Output (CO)
amount of blood that is pumped by a single ventricle and is

measured in liters per minute

CO= HR X SV

a smaller heart (women) beats faster to make up for smaller
stroke volume

a larger heart (athletes) beats slower to maintain constant cardiac
output

cardiac reserve
an increase in cardiac output above its level at rest found by

subtracting CO at rest from CO during exercise

Heart Rate (HR)

number of beats per minute

chronotropic agents

positive
sympathetic nerve stimulation increases heart rate

negative
parasympathetic innervation decreases heart rate

Blood Vessels (K12)

Vessel Walls
Layers

tunica media middle layer

composed of smooth muscle with elastic fibers

vasoconstriction
narrowing of lumen

vasodilation
widening of lumen

tunica externa
outermost layer

composed of areolar connective tissue with elastic fibers

anchors the vessel to other structures

tunica intima

innermost layer

releases substances that regulate the
action of the tunica media

composed of simple squamous that provides
a smooth surface for blood

vasa vasorum

only in very large vessels

network of arteries that supply the tunica externa

lumen
space inside the vessel where blood flows

Veins

carry blood to the heart

thinner walls and lower blood pressure

valves

act like semilunar valves

most veins have valves that prevent
pooling and backflow of blood

venous reserve

volume of blood in veins that can be
returned to circulation if needed

venule
smallest veins that lead to capillaries

Anastomoses

joining together of
blood vessels allows for an alternate pathway if one vessel get blocked

helps divide the work for efficiency

shunt

transports blood from an artery directly into a vein

allows areas to be bypassed if body becomes hypothermic

fingers, toes, palms, and ears

large volumes of blood

circle of willis
example of an important anastomosis

equalizes blood pressure in the brain

can provide collateral channels if needed

Arteries

thicker and more elastic walls due to higher blood pressure

carry blood away from the heart

arterioles

smallest arteries that lead to capillaries

regulate blood pressure throughout body

vasomotor tone
the arteriole stays slightly contracted to lower

pressure as blood approaches capillaries

mostly made up of smooth muscle

Basic Actions

Vasoconstrictionnarrowing of lumen to reduce blood flow

decreases blood pressure

Venoconstriction

veins can constrict to push the
blood in the reservoirs into

circulation faster

used when more blood is needed
during physical exertion

Vasodialationwidening of lumen to allow more
blood to the area

increases blood pressure

Capillaries

Fenestrated
the lining has lots of holes for fluid transport of small molecules

blocks formed elements

small intestines and kidneys

Sinusoids

discontinuous lining with largle openings

allows formed elements to pass

red bone marrow, liver, spleen

bed of tiny vessels that exchange substances
between blood and body tissues

Continuous

intercellular clefts

gaps between endothelial cells which
allow small molecules to pass

muscle, skin, lungs

endothelial cells form a lining around the
lumen to minimize transport

Blood Flow through the Heart (K8)

Veins

Superior Vena Cava
drains oxygen poor blood from superior portion of body into right
atrium

Coronary Sinus
drains oxygen poor blood form coronary vessels

pulmonary veins
carry oxygen rich blood from lungs to left atrium

Inferior Vena Cava
drains oxygen poor blood from inferior portion of body into right
atrium

Arteries

Aorta

Left Common Carotid

Left Subclavian

pumps oxygen rich blood systemically

Coronary Arteries
pump oxygen rich blood to heart walls

Brachiocephalic

Right Common Carotid

Right Subclavian

Pulmonary Trunk

pumps oxygen poor blood to pulmonary arteries

pulmonary arteries
carry oxygen poor blood to lungs

Double Pump

The heart has two
ventricles that pump at
the same time

The blood pressure has to
be small going through
lungs then it returns to
heart to be pumped
throughout the body

Accessory Factors

gravity helps blood
completely empty from
atria into ventricles

AV valves and semilunar
valves both prevent backflow
to ensure unidirectional flow

cardiac muscle contracts in an upward
spiral motion to expel blood up through
the great vessels

Pulmonary and
systemic circuits

if we start in the
body, blood next
goes through

superior vena cava,
inferior vena cava,
(and coronary sinus)

right atrium

tricuspid valve

right ventricle

pulmonary semilunar valve

pulmonary trunk

pulmonary arteries
lungs

pulmonary veins

left atrium

bicuspid valve

left ventricle
aortic semilunar valve

aorta

body

Blood Pressure
(K14)

Regulation

Hormonal Regulation
Renin-Angiotensin System

conserves water and raises blood pressure

Aldosterone

increases absorption of sodium and water in kidneys which helps
maintain blood volume and pressure

Atrial Natriuretic Peptide

increase urine output which decreases blood volume and
pressure

Antidiuretic Hormone (ADH)
increases absorption of water in kidneys which

maintains blood volume and pressure

Autoregulation

at rest tissues will have modest amount of blood flow

when active, tissues require more nutrients and have more waste,
therefore blood flow will increase

hypothermia is an example

precapillary sphincter
controls amount of blood that enters capillary

vasoactivation
vasoactive chemicals are released to widen blood vessels such

as the case of inflammation

Neural Regulation

baroreceptors

sense pressure changes mainly in aorta and carotid arteries

reflex

can automatically regulate blood
pressure within arteries it senses

mostly in medulla
oblongata

chemoreceptors

senses oxygen, carbon dioxide, and ph changses within blood

reflexes
can automatically regulate blood pressure to account to changes

in chemical composition

cardiovascular center

vasomotor center
sympathetic division regulates blood vessels

cardiac center
regulates heart activity

cardioinhibitory center

parasympathetic divison
extends to heart nodes

acetylcholine decreases firing rate
which lowers cardiac output

cardioaccleratory
center

sympathetic division extends to
heart nodes and walls

norepinephrine causes increase in rate
and/or volume of contractions

force per unit area that blood
exerts on a vessel wall

Capillary Exchange

Diffusion

oxygen, hormones, and nutrients diffuse from high
concentrationto low

Bulk Flow

movement of large amounts of fluids and dissolved substances

reabsorption
movement of fluid back in the blood at the venous end

filtration

small solutes pass through at the arterial end but large molecules
are blocked

Net Filtration Pressure (NFP)

NFP = (HPb-HPif) - (COPb-COPif)

the difference between hydrostatic pressure and colloid osmotic
pressure

pressure differences allow certain substances to be filtered or
reabsorbed

Lymphatic System
picks up excess fluid and filters it before returning it to the venous

circulation

Venous Return

PP = 0

facilitated by valves

skeletal muscle pumpaids movement of blood within the limbs

muscles contract to squeeze veins and propel blood toward the
heart

respiratory pump

aids movement of blood within thoracic cavity

pressure differences pulls blood up to the pericardal cavity

Arterial Blood Pressure

Pulse Pressure (PP)
additional pressure placed on arteries when heart is resting to

when heart is contracting

measure of elasticity and recoil of arteries

systolic - diastolic, 120 - 80 = 40mmHg is normal

Mean Arterial Pressure (MAP)

average measure of pressure on arteries

MAP = Diastolic + (1/3) PP

93 mmHg is normal

Blood flow

pressure gradientdirectly related, as blood
pressure gradient increases,

total blood flow is greater

p1-p2

Periphreal
Resistence

Factors
vessel radius

vessel length

blood viscosity

inversely related, as resistance
increases, blood flow decreases

amount of friction blood experiences
when transported through vessels

The Reproductive
System (R)

Hormones of the
Reproductive System

Gonadotropic
Hormones

In males, the LH simulates the interstitial cells of the testes to
produce testosterone.

At puberty, gonadotropin-releasing hormone (GnRH) is produced
and released from the hypothalmus.

Released by the anterior pituitary gland.

Gn-RH release stimulates the secretion of both follicle-stimulating
hormone (FHS) and lutenizing hormone (LH) from the pituitary gland

(gonadtrophic hormones.)

In males, the FSH causes spermatogenesis in the testes.

Testosterone

Androgen

Normal Concentration of testosterone promotes spermatogenesis,
whereas low levels of testosterone can lead to infertility

In females, the ovaries secrete small amounts of testosterone, although most is
converted to estradiol. A small amount of testosterone is also secreted by the

adrenal glands in both sexes.

Plays an important role in muscles developements, bone growth, the
development of secondary sex characteristics, and maintaining libido (sex

drive) in both males and females.

The hypothalmus and the pituitary gland in the brain integrate external and
internal signals to control testosterone synthesis and secretion.

Steroid hormone produced by
Leydig/interstitial Cells

Produce approximately 6-7mg of testosterone per day.

Estrogen
During puberty, estrogen stimulates breast development and
cause the vagina, uterus and Fallopian tubes to mature

From puberty onwards, LH, FSH, estrogen and progesterone all
play vitals part in regulating a woman’s menstrual cycle, which
results in periods.

Progesterone
Prepares mammary glands for milk survival of the fetus.

Primarily concerned with the procreation and survival of the fetus.

Secreted at ovulation, helps to prepare the endometrium (womb
lining) for the implantation of an eggs.

FSH
Females

Stimulates the follicles to ripen several eggs.

Males
FSH causes spermatogenesis in the testes

LH

Males

Stimulates the interstitial cells of the testes to produce
testosterone.

Females Further develops the follicles, triggers ovulation and
stimulates the production of other hormones necessary for the
post ovulatory stages of the menstruaal cycle.

Gamete Production

Oogenesis

Oogonium undergoes
mitosis while remain is still
in utero to form a primary
oocytes.

The primary oocyte
undergoes Meiosis I
but stops in prophase
until puberty.

Puberty triggers the end of
meiosis I to form a secondary
ooctye and first polar body.

Secondary Oocyte undergoes meiosis II but stops in
metaphase II until fertilized by a sperm.

First Polar Body divides into 2 second polar
bodies with no function.

Produces 4 cells, only 1 cell survives to pregnancy.

Begins with Oogonia, ovarian stem cells.

Oogonia are formed during fetal development,
and divide during mitosis, much like
spermatogonia in the testis. Unlike

spermatogonia, Oogonia form primary
oocytes in the fetal ovary prior to birth.

Meiosis

Meosis I.

Prophase I: Homologous pairs of chromosomes are separated
after synapsis and crossing over occurs.

Metaphase I: Homologous, replicated, chromosomes line up
above and below the equator of cell, forming a double line of
chromosomes.

Anaphase I: Maternal and paternal pairs of replicated
chromosomes are separated and pulled in opposite ends of the
cell in a process called reduction division. Sitter chromatids
remain attached.

Telophase and Cytokinesis I: Opposite of Prophase I, 2 cells are
produced each containing 23 pairs of replicated chromosomes,
still composed of sister chromatids.

Meosis II.

Prophase II: Nuclear envelope breaks down and the replicated
chromosomes cluster together. No crossing over occurs.

Metaphase II: Spindle fibers extend from the centrioles to each
chromatid in the chromosome and align the replicated
chromosomes along the equator of the cell.

Anaphase II: Sister chromatids of each replicated chromosome
are pulled apart at the centromere. Sister chromatids are now
called single chromosomes.

Telophase and Cytokineses II: Nuclear division is completed and
the nuclear envelope reforms. Four new daughter cells are
produced, each containing 23 single chromosomes.

Spermatogenesis

Spermatogenesis occurs in the seminiferous tubules that form the
bulk of each testis.

Simple Spermatogenesis

Spermatogorium undergoes mitosis to become primary
spermatocyte

Primary spermatocyte undergoes meiosis I to become secondary
spermatocyte

Secondary spermatocyte undergoes meiosis II to become
spermatid

Spermatid undergoes spermatogenesis to become spermatozoa
(sperm)

Process begins at puberty, after which time sperm are produced constantly throughout a
man’s life. One production cycles, from spermatogonia through formed sperm, takes

approximately 64 days. A new cycles starts approximately every 16 days, although this
timing is not synchronous across the seminiferous tubules.

Male Reproductive System

The Duct System.

Epididymus.
Sperm enter the head of the epididymus and are moved along
predominantly by the contraction of smooth muscles lining the
epididymal tubes.

A coiled tube attached to the testis where newly formed sperm
continue to mature.

It takes an average of 12 days for sperm to move through the
epididymus, with the shortest recorded transit time in humans
being one day.

Ductus Deferens.

A thick, muscular, tube that is bundled together inside the scrotum
with connective tissues, blood vessels, and nerves into a
structure called the spermatic cord.

Because the ductus deferens is physically accessible within the
scrotum, surgical sterilization to interrupt sperm delivery can be
performed by cutting and seating a small section of the ductus
vas deferens. This procedure is called a vasectomy.

From each epididymus, each ductus deferens extends superiority
into the abdominal cavity through the inguinal canal in the
abdominal wall. From here, the ductus deferens continues
posteriorly into the pelvic cavity, ending posterior to the bladder
where it dialated in the ampulla.

Ejaculatory Duct.
A short structure formed from the ampulla of the ductus deferens
extending superiority into the abdominal cavity through the
inguinal canal in the abdominal wall. From here, the ductus
deferens continues posteriorly into the pelvic cavity, ending
posterior to the bladder where it dialated in the ampulla.

Urethra.

Opening at the end of
glans penis that aids
in the expulsion of
urine and semen.

Semen.

Formed from seminal fluid and sperm.

Called ejaculate when released during intercourse.

Transit time from seminiferous tubules to ejaculate is
about 2 weeks.

200-500 Million Spermatozoa.

Sperm cells are divided into as head containing
DNA, a mid-piece containing mitochondria, and a
tail providing motility. The acrosome is oval
shaped and somewhat flattened.

Testes within the scrotum.
The scrotum uses dartos and cremaster muscles to change hoe
close to/far from the testis are to the body.

Helps regulate temperature for optimal sperm production.

The scrotum is a sac of skin and superficial fascia that hangs
outside the abdominopelvic cavity at the root of the penis.

Perineum.
Suspends the scrotum and contains the root of the penis.

Penis

Designed to deliver sperm to the female.

Glans Penis: enlarged tip at the distal end of the shaft.

The skin of the penis is loose and when it slides
distally, it forms a cuff called a prepuce, or foreskin.

Erectile tissue is a spongy network of
connective tissue and smooth muscle

riddled with vascular spaces.

The midventral erectile body, the corpus spongiosum
surrounds the urethra, it expands distally to form the
glans and proximally to form the part of the root called
the bulb of the penis.

The paired dorsal erectile bodies, called corpus
cavernosa, make up most of the penis and are
bound by the fibrous tunica albuginea. Their
proximal ends form the cura of the penis.

Accessory Glands.

Bulbo-Urethral Glands
Cowper’s Glands.

Produces a clear, viscous, mucin that forms mucous.

Coats and lubricated the urethra during intercourse.

Seminal Glands.

Secretes alkaline fluid with fructose
and prostaglandins.

Fructose nourishes the sperm.

The paired seminal vesicles are glands that
contribute to approximately 60% of the
semen volume.

Prostaglandins promote the widening of
the external os of the cervix.

Prostate.

Submucosal glands produce mucin.

Compact, walnut-shaped, encapsulated organ
immediately inferior to bladder.

Secretes a milky fluid rich in citric
acid, seminalplasmin, and prostate-

specific antigen (PSA)

Seminalplasmin: Antibiotic that
combats UTIs.

Citric Acid: Aides sperm heath.

PSA: Enzyme to liquefy semen following
ejaculation.

Female Reproductive System

Ovaries.

Deep to Tunica Albuginea
Outer Cortex contains highly cellular CT, ovarian follicles.

Inner medulla composed of areolar CT and contains
branches of ovarian blood vessels, lymph vessels,
and nerves.

Ovarian Follicles
Oocytes surrounded by follicle cells.

Tunica Albuginea Dense CT capsule.

Deep to Germinal Epithelium.

Germinal Epithelium: Simple cuboidal epithelial layer surrounding
the ovary.

Uterine/Fallopian Tubes.

Covered and surrounded by the mesosalpinx.

Extend laterally from both sides of the uterus towards the ovaries.

Transport ovulated oocytes to the uterus.

Infundibulum

Free, funnel-shaped, lateral margin of the uterine tube,

Numerous fingerlike folds called fimbraie.

Enclose ovary at time of ovulation.

External Structures
and the Vulva.

Vagina: located betweeen the urethra and the anus. Flanked by
outlets to the Bartholin’s Glands (greater vestibular glands.)

Hymen: a thin membrane that’s may partially cover the vaginal
opening.

Labia Minora: Protect the urethra and vagina.

Labia Majora: Skin folds that’s being posterior to the Mons Pubis.

Mons Pubis: Pad of fat over the pubic bone.

Clitorus: organ originating from cells that also create the glans
penis. Nerve-rich, it is important in sexual sensation and orgasm.

Events of the
Menstrual Cycle

Proliferation Phase: begins once
menstrual flow ceases and the
endometrium begins to proliferate.

Granulosa and theca cells of the tertiary follicles begin to produce
increased amounts of estrogen. These rising estrogen

concentrations stimulate the endometrial lining to rebuild.

Stimulates the LH surge that will trigger ovulation. High estrogen
concentrations will eventually lead to a decrease in FSH as a

result of negative feedback, resulting in atresia of all but one of
the developing tertiary follicles.

Ovulation marks the end of the proliferative and follicular phases.

Menses Phase: lining is shed

Progesterone concentrations decline as a result of the
degradation of the corpus luteum, marking the end of the luteal

phase. This decline in progesterone triggers the shedding of the
stratum functionalis of the endometrium.

The menses phase occurs during the early days of the follicular
phase of the ovarian cycle; when progesterone, FSH, and LH

levels are lower.

Secretary Phase: in utero, progesterone
from the corpus luteum prepares the
endometrial lining prepares for
implantation.

Over the next 10-12 days, the endometrial glands secretes a
glycogen rich fluid. If fertilization has occurred, the fluid will

nourish the ball of cells developing from the zygote. At the same
time, the spiral arteries develop to provide blood to the thickened

stratum functionalis.

Elevated levels of estrogen decrease the acidity of the vagina,
making it more hospitable for sperm.

In the ovary, the lutenization of the granulosa cells of the collapse
follicle form the progesterone producing corpus luteum marking

the beginning of the luteal phase in the ovarian cycle.

If no pregnancy occurs within approx. 10-12 days, the surplus
luteum will degrade into the corpus albicans. Levels of both

estrogen and progesterone will fall, and the endometrium will
grow thinner. Prostaglandins will be secrete that cause

constriction of the spiral arteries, reducing oxygen supply. The
endometrial tissue will die, resulting in menses - or the first day of

the next cycle.

Mammary Glands.

Release breast milk during lactation.

Sensitive to prolactin and oxytocin.

Human Development

Fetal Development

Weeks 9-12
Palate Develops.

Epidermis and Dermis of the
skin become more fully
developed.

Coordination between nerves
and muscles for limb movement
occurs.

Primary Ossification centers appear in
most bones.

Reproductive organs
begin to develope.

Brain elongates and enlarges.

Permanent kidneys develop.

Fetal size: 9cm and 28g.

Weeks 13-16
Fetal Size: 14cm and 170g.

Body grows rapidly.

Ossification in the skeleton continues.

Limbs become more proportionate
in length to body.

Brain and skull continue to enlarge.

Weeks 17-20

Fetal Size: 19cm and 454g.

Brain and skull continue to enlarge.

Limbs near final proportions.

Muscle movements
increase in strength and
frequency.

Lanugo covers skin.

Weeks 21-38

Fetal Size: at 38 weeks -
36cm and 2.5-4.5kg

Eyebrows and eyelashes appear,
eyes open.

Subcutaneous fat is deposited.

Body gains major amounts of weight.

Testes descend to scrotum in males.

Blood cells form in bone marrow.

Embryonic
Development

Embryonic Period.Weeks 3-8 of development.

Now called an Embryo

Pre-embryonic Period.

Fertilization.Sperm penetrates secondary oocyte; completes meiosis II and
becomes ovum. Ovum nd sperm plasma membranes fuse.

Ampulla of uterine tube within 12-24 hours after ovulation.

Zygote.Ovum and sperm pronuclei fuse, producing diploid cell.

Ampulla of uterine tube at end of fertiization.

Cleavage.Zygote undergoes cell division by mitosis to increase cell number,
overall size of structure remains constant.

In uterine tube 30 hours - day 3 post-fertilization.

Morula.

Structure resembles a solid ball of cells; 16+ cells.

Uterine tube 3-4 days post-fertilization.

Blastyocyst.

Hollow ball of cells; Outer ring forms by trophoblast Inner cell
mass; embryoblast is a cell cluster inside blastocyst.

In uterus days 5-6

Implantation.

Blastocyst adheres to functional layer of uterus; trophoblast cells
and functional layer begin to form from the placenta.

Functional layer of endometrium begins late during the first week
and is complete by the end of the second week.

Fetal Period.
Remaining 30 weeks of

development prior to birth.

The Respiratory System
(M)

Pulmonary Ventilation (M3)
Pulmonary Air Volume (M4)

Respiratory
Capacities

Inspiratory Capacity (IC) Total ability to inspire.

TV + IRV = IC

Functional Residual Capacity (FRC)

ERV + RV = FRC

Volume of air left in lungs after exhalation in
quiet breathing

Vital Capacity (VC) Total amount of air the lungs are capable of holding.

TV + IRV + ERV = VC

Total Lung Capacity (TLC)

TV + IRV + ERV + RV = TLC

Total amount of air capacity of the lungs.

Alveolar Ventilation

Alveolar Ventilation Rate (AVR)

Pulmonary Function Tests Forced Vital Capacity (FVC)

Force Expiratory Volume (FEV)

Minute Ventilation

Respiratory Volumes

Expiratory Reserve Volume (ERV) Total amount of air that can be forcefulling exhaled, beyond tidal
volume.

Used to measure elasticity of the lungs and chest wall.

Residual Volume (RV)
Total amount of air left in lungs following forced expiration

Inspiratory Resolve Volume (IRV)

Total amount of air that’s can be forcibly inhaled, beyond tidal
volume.

Used to measure compliance of the lung.

Tidal Volume (TV)
Total amount of air inhaled or exhaled during quiet breathing

Maintaining Homeostasis (M8)

Cellular Respiration The exchage of oxygen and carbon dioxide is imperative for the
body to function correctly. This allows the cells to make the
energy required to perform the body's work. It also take the
byproduct away and out of the body.

Maintains blood pH

The more carbon dioxide that is in the body the more hydrogen
ions are there as well. This cause blood pH to lower. Also you
don't want the pH to get too high. If the pH does not stay
consistent then the proteins in the body could not function
properly.

Homeostatic Imbalances (M9)
Chronic Obstrcutive Pulmonary Disease (COPD)

Asthma

Tuberculosis

Lung Cancer

General Functions (M1)

Major processes

Ventalation
breathing air in and out of lungs

External Respiration
Exchange of gases between lungs and the blood

Cellular Respiration
metabolic reactions that produce energy

Internal Respiration
exchange of gases between tissues and blood

Speech Production
When air passes vocal cords

Bring oxygen in and carbon dioxide out

Regulation of
Pulmonary
Ventilation (M7)

Medulla

chemorecepters

senses changes in blood pH and
relays information to the brain

primary brain center that
regulates breathing

Hyperventilation

rapid breathing that results in
increased loss of carbon dioxide

Gas Exchange (M5)Dalton's Law of Partial Pressure

The total pressure exerted by a gas mixture is the
sum of the partial pressures of the individual gasses

Henry's Law

The solubility of a gas is proportional to its
partial pressure.

Composition of Alveolar Gas
mixture of CO2 diffusing from blood and O2
fron environment and other airborne gasses

External Respiration
Gas exchange between environment and blood

Ventilation-Perfusion Coupling(V/Q ratio) represents efficiency of
two variables: V – ventilation – the

air reaching the alveoli and Q –
perfusion – blood reaching alveoli

Internal Respiration
Gas exchange between blood and tissues

Gas Transport in Blood (M6)

Bicarbonate transportdissolved in plasma

part of plasma buffer system

Oxygen Transport
most carried by hemoglobin

Carbon Dioxide Transport
some dissolved in plasma

some carried by hemoglobin

most converted to carbonic acid or bicarbonate

Anatomy of Respiratory System (M2)Nose
Produces mucus; filters; warms, and moistens incoming air;

resonance chamber for speech; receptors for sense of smell ;

Paranasal sinuses
Same as for nose except no receptors for sense of smell ; lighten

skull ;

Pharynx

Passageway for air and food; facilitates exposure of immune
system to inhaled antigens ;

Larynx

Air passageway; prevents food from entering lower respiratory
tract; voice production;

Trachea
Air passageway; cleans, warms, and moistens incoming air;

Bronchial Tree
Air passageways connecting trachea with alveoli; cleans,warms,

and moistens incoming air;

Alveoli

Main sites of gas exchange; reduces surface tension; helps
prevent lung collapse;

Three Cells
Type I alveolar cells - squamous epithelial cells

Type II alveolar cells - cubiodal cells

Respiratory Membrane//Red Blood cells
Lungs

House respiratory passages smaller than the main bronchi;

Pleurae
Produces lubricating fluid and compartmentalize lungs;

Upper and lower respiratory tracts (M2)

Upper Respiratory
Tract

Phraynx

“Throat”

Transports air and nutrients from the mouth.

Lateral walls are up of Skeletal muscle.

Three Regions:

Nasopharynx
Lined with pseudostratified

ciliated columnar epithelium

Oropharynx

Passageway for air and nutrients

Posterior to oral cavity, extends from soft
palate superiority to hyoid bone inferiority.

Laryngopharynx

Posterior to larynx.

Passageway for air and nutrients..

Lined by nonkeritanized, sdtranitified,
squamous epithelium.

Nose
SinusesFour Types:

Frontal

Ethmoidal

Maxillary

Sphenoidal

Lined with pseudostratified,
clilliated, columnar epithelium

Nasal Cavity

Extends from nostrils to choanae - paired openings leading into
the pharynx.

Cavity floor consists of hard and soft palates; Cavity roof
consisting of nasal,, frontal, ethmoid, and sphenoid bones.

Formed by hyaline cartilage, bone, and dense irregular connective
tissue covered externally by skin.

First structure of the conducting passageway.

Functions
Warming: blood vessels dilate in response

to cold temperatures. This dialation
causes increased blood flow.

Humidificaiton: moisture in the cavity
raises humidity levels in the air as it

passes through the structure.

Cleaning: inhaled microbes, dust, and other
foreign materials get trapped in mucus lining

the inner-respiratory tract.

Lower Respiratory
Tract

Tracheapassageway of air called the "windpipe"

bronchi

bronchioles

aveoli
where external gas exchange happens

Fluid/Electrolytes &
Acid/Base Balance (Q)

homeostatic mechanism (Q7)

how do the cardiovascular,
endocrine, and urinary
systems respond to maintain
homeostasis of fluid volume in
the body. (Q7.1 and 2)

 will make a hormone called ADH and it will converse
water if the body dont have of it so we dont become dehydrated

therefore keeping us in homeostasis.

Endocrine

- The adrenal glands will secrete Aldosterone in
order to hold on to Na and indirectly hold on to water to prevent

water loss. The RAAS will also help with with retaining
Aldosterone in order to hold on to water.

Urinary system

- will secrete ANP in order to decrease the
amount of fluid inside the body if the body feel that it is retaining

too much in order to keep the body normal.

Cardiovascular Buffer systems & their roles
in acid/base balance (Q5)

Equations for buffer
systems (Q5.3)

 HPO4+H=H2PO4Phosphate buffer system

 NH2+H=NH3Protein buffer system

 H2O+CO2=H2CO3=H+HCO3Bicarbonate buffer system

Define acid, base, pH and buffer (Q5.1)  accepts H+ when added to a solutionBase

 is a scale that measurethe H+ ions and OH- in a solutionpH

 is a substance that dissociates in water to produce an H+
and an anion
Acid

 prevents pH from changingBuffer

role of hemoglobin in pH buffering. (Q5.4)

In systemic gas exchange, CO2 enter the RBC and binds to H2O, it then
dissociates from water to become H+ and HCO3. Then the HCO3 shifts out of
the RBC and goes to the blood plasma, whereas H+ attaches to the Hemoglobin
with in the RBC. then the process can be reversed when blood reached the
alveovi

normal pH range for arterial blood (Q5.2)
7.35-7.45

Movements between the major
fluid compartments (Q.4)

Hydrostatic pressure

Exchange occurs between the  and  across plasma
membrane. The fluids move from a low concentration to a higher
concentration of solutes

 IF  ICF

Osmotic pressure Exchange between the  and  occurs across capillary
walls. The fluids move from a low concentration to a higher
concentration of solutes.

plasma IF

Chemical composition of
the major compartment

fluids (Q3)

function(s) of each abundant
electrolyte found in body fluids,

including sodium, chloride, potassium,
phosphate and calcium (Q3.3)

- is required for the nueromuscular activities and for
controlling the heart rhythm. Also used in the Na/K pump.
Potassium

- it serves as an intracellular buffer against pH
changes and is a common buffer in the urine
Phosphate

- helps with the transport of of CO2 in the form of HCO3
with the Chloride sift in the RBCs.
Chloride

- Helps harden both bone and teeth but also helps
initiate muscle contraction, second messenger, and blood clotting
Calcium

- helps regulate fluid balance. if you have more Na in the
blood than you have in the tissues then the water will go into the
blood. it can also work the other way around, you can have a
higher concentration of Na in the tissues than in the blood which
will move the water into the tissues. Also used in the Na/K pump

Sodium

Define electrolyte. (Q3.1)
Is any substance the dissociates in solution to form cations and
anions

Role of the respiratory & urinary
systems in acid/base balance (Q6)

Explain the mechanisms by which the
kidneys retain bicarbonate ions, and how
this process affects blood pH. (Q6.4)

The way the kidneys will hold on to HCO3
will by the type A intercalated cells. So if you
retain HCO3 then the pH will go up and
become basic.

Metabolic alkalosis
The opposite can cause Metabolic acidosis

compensation to correct
respiratory and metabolic
acidosis and alkalosis. (Q6.5)

 - The way this problem would corrected
would be by the by the kidney. What the kidney would do would

be by decreasing the amount of HCO3 made or by increasing
excretion.

Respiratory alkalosis

 - The way this problem would be corrected
would be by the lungs. What the lungs would do is increase in

exhalation to get rid of CO2 causing the pH to go back up.

Metabolic acidosis

 - The way this problem would be corrected
would be by the kidneys. What the kidneys will do is produce

more HCO3 and buffer out the extra acid in the body from poor
ventilation.

Respiratory acidosis

 - The way this problem would be corrected
would be by the lungs. What the lungs would decrease the rate of

breathing which would cause the pH to go down back to normal.

Metabolic alkalosis

role of the respiratory system in regulation of blood pH and
how hypo- and hyperventilation will affect blood pH. (Q6.2)

The way the respiratory system is going to
affect the blood pH is by either holding on to
CO2 or letting go. When the respiratory rate is
normal, the blood pH is normal.

 will cause the blood pH to go up. The reason
why is because during hyperventilation you are letting out more
CO2 than what is being made in your body therefore causing the
pH to become more basic.

Hyperventilation

Respiratory alkalosis

will cause the blood pH to go down. The reason
why is that during hypoventilation you are not letting out CO2 and
your body is making more of it, so if you keep holding on to CO2
then the pH of the blood will become more acidic.

Hypoventilation 
Respiratory acidosis

mechanisms by which the kidneys
secrete hydrogen ions, and how
this process affects blood pH.
(Q6.3)

The way the kidneys will secrete H+ ions
is by the type A intercalated cells. So if
you lose H+ then the pH will go up and
become basic.

Metabolic alkalosis
The opposite can cause Metabolic acidosis

normal ranges for PCO2 and HCO3 in arterial
blood and their relationship to blood pH. (Q6.1)

normal ranges for PCO2 is 35-45 while HCO3 is 22-28.
Now the way they are related to blood pH is that they both can
change it because CO2 is an acid while HCO3 is a base. if you

have to many of one you can change the pH to become more
acidic or more basic. so both have to be in a normal range in

order to keep to blood pH in homeostasis.

major fluid
compartments (Q2)

 Total volume =
40 L= 60% of body weight

Total body water

 =
15 L= 20% of body weight

Extracellular Fluid Volume
= 3L = 20% of ECFPlasma volume

 = 12L = 80% of ECFInterstitial fluid Volume

 = 40% of body weightIntracellular Fluid Volume

Regulation of water intake & output (Q1)

routes of water loss from the body (Q1.2) - fluid loss can not be measured.Sweating

 fluid loss can not be measured.cutaneous transpiration-

- fluid loss can not be measured.Breathing

- fluid loss is about 500 mL per dayUrination and defecation

mechanisms used to regulate water intake (Q1.3)

decrease salivary production, increase blood osmolarity, and
decrease blood pressure will cause the Thirst center of the brain
to turn on.

Increase salivary secretions, distention of the stomach, decrease
blood osmolarity, increase blood pressure. Which will cause thirst
centers on the brain to turn off.

water entry into the body (Q1.1)
- Includes water from aerobic cellular respiration.

On average its 200 mL of fluid per day
Metabolic water

- Includes water from food, drinks taken by the
GI tract. on average its about 2300 mL fluid intake per day
Preformed water

mechanisms used to regulate
water output. (Q1.4)

ADH, Aldosterone, and Angiotensin 2 help to dcerase urine
output.

ANP helps to incrase urine output.

Homeostatic imbalance,
including disease states &
disorders (Q8)

situations that would lead to a disruption of homeostasis by
causing respiratory acidosis, respiratory alkalosis, metabolic
acidosis, or metabolic alkalosis (Q8.2)

- COPD, hypoventilationRespiratory Acidosis

- large amount of vomiting, over ingestion of
HCO3 supplements like TUMS

Metabolic Alkalosis

- anxiety, hyperventilationRespiratory Alkalosis

- Kidney failure, Drug overdose, diabetic
ketoacidosis, poison, and alcohol

Metabolic Acidosis

situations that would lead to a disruption of homeostasis by
affecting the volume or composition of body fluids (Q8.1)Factors that would lead to disruption of homeostasis by affecting

body fluids and volume are Dehydration, bleeding out, over
hydration,

types of problems that would occur in the body if the volume and
composition of body fluids were not maintained within normal
homeostatic ranges. (Q8.3)

Dehydration, over-hydration, high blood pressure,
low blood pressure, tachycardia, bradycardia.

types of problems that would occur in the body if body fluid pH were not
maintained within the normal homeostatic range (Q8.4)

Acidosis, Alkolosis. Respiratory, and metabolic acidosis or
alkalosis

Nutrition & Metabolism
(O)

Nutrition (O1)

Nutrients

Micronutrients

Minerals (O1.1E)

Must be obtained
within the diet

Inorganic ions

Trace minerals

Zinc

Helps in protein synthesis
Meat, seeds

Selenium
Cereals, nuts, meat

Molybdenum
Whole grains, nuts, beans

Molybdenum
Whole grains, nuts, beans

Manganese
Vegetables, nuts, tea, fruits

Iodine

Needed to produce thyroid
hormone

iodized table salt

Fluoride
Fluorinated water, fish, tea

Copper
Seafood, legumes, liver, nuts

Cobalt
Fish, green vegetables, nuts

Chromium
Whole grains, meat, cereals

Iron

In hemoglobin within erythrocytes,
binds oxygen. Transports oxygen to
body cells.Red meat, poultry, fish, dark

green leafy vegetables, nuts,
whole grains

Major minerals

Sulfur
Kale, cauliflower, cabbage

Sodium
Maintain resting membrane potential in
excitable cells; needed fo action potentials

Table salt (NaCl),
canned foods

Potassium

Maintain resting membrane potential in excitable
cells; needed for action potentialsMeat, fruits, grains,

vegetables, dairy products,
salt substitutes

Phosphorus
Meat, nuts, dairy products, grains

Magnesium
Green leafy vegetables, whole grains

Chloride
Cured meat, table salt (NaCl)

Calcium

Formation and maintenance of skeleton
Green vegetables,

dairy products

Vitamins (O1.1D)

Essential vitamins
(O1.a)

Obtained and
absorbed by the

process of the
digestive system

Obtained from the
daily diet

Nonessential vitamins
(O1.a)

Obtained by
biochemical

processes within the
body Not required to be

part of the dietary
intake

Organized in two
ways

Fat Soluble (O1.d)

Does not dissolve in water

Vitamin K

Required for synthesis of specific
blood clotting proteins

Leafy green vegetables, liver
(synthesized by bacteria in the colon)

Vitamin E (Tocopherol)

Helps stabilize and prevent damage
to cell membranes

Leafy green vegetables, seeds,
margarine, butter, fish oil, wheat germ

Vitamin D (Calciferol)
Modified from calcitrol; increases
calcium absorption from GI tractCod liver oil, dairy products, UV

rays when synthesized by
keratinocytes of epidermis

Vitamin A (Retinol)
Precursor molecule for the formation of
the visual pigment retinal

Liver, milk products, green
vegetables, fish oil, eggs, margarine

Water-soluble (O1.d)

Vitamin C

Leafy green vegetables, fruit, citrus,
broccoli, tomatoes, cabbage

Folate (Folic acid; B9)
Biotin (Vitamin B7)

Meat, eggs, cheese, legumes, nuts

Vitamin B12 (Cyanocobalamin)
Dairy products, meat, eggs

Vitamin B6 (Pyridoxine)
Meat, whole grains, legumes

Vitamin B5 (Panthothenic acid)
Meat, eggs, whole grains, legumes

Vitamin B3 (Niacin)
Meat, liver, whole grains

Vitamin B2 (Riboflavin)
Meat, whole grains, eggs, greens

Vitamin B1 (Thiamine)

Meat, nuts, whole grains, eggs, seeds,
legumes

Required for normal metabolism

Organic molecules

Macronutrients (O1.b)

Include most organic
biomolecules

ProteinsA source of nitrogenNitrogen balance

Occurs when a balance exists between dietary
intake and its loss in urine and feces

Negative nitrogen balance
More nitrogen is excreted then absorbed

Positive nitrogen
balance

More nitrogen absorbed then is excreted

A chemical element that is needed for synthesizing
other nitrogen-containing molecules

Porphyrin

A component of heme in
hemoglobin

DNA and RNA

Incomplete proteins

Most plant proteins
Legumes, vegetables, grains

Complete proteins
Meats, poultry, fish, eggs, milk, cheese, yogurt

Daily recommended requirement
45 - 60 grams

Adequate dietary intake provides the amino acids to synthesize new proteins to replace
body protein structures

Can provide energy - amino acids can enter
cellular respiration metabolic pathway

Most structural and functional
units of the body

50,000 to 100,000 different proteins in the body

Synthesized from 20 different
amino acids

Twelve of the twenty amino acids are synthesized within the
body.

Eight of the twenty amino acids are essential in
adults and must be obtained from the diet

Isoleucine, leucine, lysine, methionine, phenyalanine, threonine,
tryptophan, and valine

Lipids

Diverse group of
hydrophobic

biomolecules

Tryglycerides

Necessary for the
absorption of fat-
soluble vitamins

Vitamins, A, D, E,
and K

Primary nutrient
supplying energy to

cells

Gram for gram, triglycerides provide more
energy than carbohydrates

Composed of glycerol
and fatty acids

Organized into three
catagories

Polyunsaturated fatty
acids

Two or more double
bonds

Liquid at room
temperature

Soybean oil, corn oil,
safflower oil,

Unsaturated fatty
acids

Monosaturated One double bond
Liquid at room

temperature
Nuts, canola oil, olive
oil, sunflower oil

Saturated fatty acids No double bonds

Each fatty acid chain is
completely saturated
with hydrogen atoms

Solid at room
temperature Fat in meat, milk,

cheese, coconut oil,
and palm oil :

Yields approximately 9 kilocalories of
energy per gram of fat

Phospholipids
Compose cell membraines

amphipathic - contains polar and nonpolar regions

Cholesterol

Also synthesized by metabolic pathways within the liver

Made available through our diet

A component of animal-based products
Meat, eggs, and milk

Component of plasma membranes

Precursor molecule for the formation of steroid hormones, bile
salts, and vitamin D

Carbohydrates

Glucose is broken
down to release

energy for life
processes

Glycogen is a
polymer of glucose

molecules
Stored in the liver and
skeletal muscle tissue

Fiber

Includes fibrous molecules Example: Cellulose

Cannot be chemically digested
and absorbed by the
gastrointestinal tract

Remains in the lumen of the
digestive tract and adds bulk

Stimulates peristalsis of the
large intestine

Facilitates the movement of the
GI tract contents and their
ultimate elimination as a
component of feces.

Lentils, peas, beans, whole grains,
oatmeal, berries, and nuts

Starch

Refined starch

Thickeners and
stabilizers

Example: Corn starch

Polysaccharides

Polysaccharide polymer of glucose
molecules found within certain types
of foods

Beans and peas
Kidney beans, garbanzo
beans, lentils

Grains
Wheat, barley, rice, corn

Carrots

Potatoes

Formed from chains
of monosaccharides

Sugars Disaccharides

Corn syrup and corn sweetener

Trehalose

Raw sugar

Invert sugar

Turbinado sugar

Raw sugar

Molasses

Malt syrup

Honey

Brown sugar

Dextrose

Maltose
In cereals

Lactose
Milk sugar

Sucrose
Table sugar, maple
syrup, and fruits

Two monosaccharides

Monosaccharides

Galactose

Fructose

Glucose

Monomer

Provide fuel for the
processes of cellular

respiration to form ATP

Measured in calories
Kilocalorie is equal to 1000
calories or 1 Calorie

The amount of heat required to raise the
temperature of 1 gram of water by 1
degree Celsius

Body weight is maintained when there is a balance between
calories consumed in the diet and those expended through
metabolic processes and physical activity

Recommended Daily
Allowance (RDAs)

(O1.2)

Amount of nutrients that must be
obtained in the diet each day

USDA revised food pyramid
to "My Plate"

Visual aid to help see at a glance proportions of the
types and amounts of food we need to eat to stay
healthy

One half of plate vegetables and fruits
and the other half is protein and grains

Study of the means by which
living organisms both obtain and
utilize the nutrients they need to
grow and sustain life

Energy balance and
Thermoregulation (O5)

Metabolic Rate (BMR)

Basal metabolic rate (BMR)

Measured by

Calorimeter

Water-filled chamber into which an individual is placed. Heat
released from the persons body alters the temperature of the

water, and the change in temperature is measured
Heat is directly measured

Respirometer

Instrument that measures
oxygen consumption

Every liter of oxygen consumed, 4.8
kilocalories of heat are produced Indirect method because the

amount of heat produced is inferred
from oxygen consumption

Amount of energy required when
at rest

Resting conditions are
determined by

Reclining and relaxed

Not eaten in 12 hours

Room temperature 20 degrees celcius

Varies from one
person to the next

Age
Decreases with age

Body surface area

Heat is lost through the surface of the skin
Greater the surface area,
greater the heat loss

Lean body mass
Greater lean body mass have a higher BMR

Various levels of
hormones in the blood

Thyroid hormone increases BMR with accompanying increase in
lipolysis occurring within adipose connective tissue

Hypothyroidism have a lower than normal BMR and tend to gain
weight

Hyperthyroidism have a higher than normal BMR and tend to lose
weight

Sex Males have a higher BMR

Females have a lower BMR

The measure of energy used
in a given period of time

Total metabolic rate (TMR)

Amount of energy used by the body, including
energy needed for physical activity

Varies from one person to the next

Changing environmental
conditions

Example: Increases when exposed to cold temperatures

Food intake Example: Increases following ingestion of a meal
but decreases after the absorption of nutrients
has been completed

Amount of skeletal
muscle and its activity Example: Rapid elevation of TMR

occurs in vigorous exercise and
stays elevated for several hours

Temperature Regulation

Nervous System Control
Mediated primarily through

the hypothalamus

Hypothalamus detects changes in body temperature
either by monitoring the temperature of the blood

passing through the hypothalamus or nerve signals
received from the skin

Example: Response to an increase in body temperature: Increasing body
temperature causes heat to be released. Blood vessels in dermis dilate to
release the heat. Sweat glands are stimulated to release sweat that evaporates
on skin surface, cooling the body

Example: Response to a decrease in body temperature: Sweat glands inhibited.
Blood vessels in dermis vasoconstrict to conserve heat. Arrector pili contract to
generate heat. Skeletal muscles contract rhythmically (shivering) to generate heat

Hormone secretion

Thyroid hormone

As the body temperature begins to
drop, the hypothalamus releases

thyrotropin-relasing hormone
(TRH)

TRH stimulates the anterior
pituitary to release thyroid-
stimulating hormone (TSH)

TSH stimulates the thyroid gland to release
the thyroid hormones T3 and T4 which is

able to help maintain body temperature by
increasing the metabolic rate of almost all

cells in the body, especially neurons

Neurons are specifically stimulated to
increase their number of sodium-

potassium (Na+/K+) pumps.

More energy is converted to ATP that
ultimately produces more heat and
body temperature is maintained

Most significant

Establishes metabolic rate causing us to produce a
certain amount of heat to keep the body warmGrowth hormone

Testosterone

Epinephrine and norepinephrine

Homeostatic mechanisms keeps the
body near the normal value of 98.6
degree F (37 C)Accomplished through a

balance of heat
production and heat loss

Core body temperature

Temperature of the vital
portions of the body

Head and torso

Cellular Respiration (O3)

ATP Generation

Involves four stages

4. The electron transport system

Occurs within the mitochondria
and requires oxygen

Transfer of hydrogen and an electron from
the coenzymes NADH and FADH2

ATP formation occurs through
oxidative phosphorylation

2. The intermediate stage
Occurs within the mitochondria and

requires oxygen A multienzyme step

Pyruvate is converted to acetyl CoA, and a
molecule of carbon dioxide (CO2) is

formbed by decarboxylation
One molecule of NADH is
produced per pyruvate

3. The citric acid cycle

Occurs within the mitochondria
and requires oxygen Metabolic pathway

Acetyl CoA binds to oxaloacetic
acid (OAA) to form a citric acid

Two molecules of carbon
dioxide (CO2) are formed

by decarboxylation One ATP molecule, 3 NADH
molecules, and 1 FADH2
molecule are produced per turn
of the cycle

1. Glycolysis

Two ATP molecules are formed and
hydrogen is transferred to 2 NAD+

molecules to form 2 NADH molecules
If insufficient oxygen is available to the cell, then the
pyruvate is converted to lactate.

Glucose is oxidized to two pyruvate molecules

A metabolic pathway

Occurs within the cell
Does not require oxygen

Interconversion of
nutrient biomolecules

Glycerol and Fatty
Acids

Carbons of fatty acids are removed two at a
time to form acetyl CoA. Acetyl CoA
molecules enter the citric acid cycle

Glycerol is converted to glucose through
gluconeogenesis within the liver

Amino Acids

Amine group is removed by deamination
within the hepatocytes of the liver

Remaining portion of amino acid
following deamination enters the
metabolic pathway of cellular
respiration at different steps

Into the pathway of glycolysis

At the intermediate stage

At specific points within the citric acid cycle

Amine group (-NH2) is converted to urea and is eliminated
through the kidney as a component of urine

The changing of one nutrient
biomolecule to another

Pathways though cellular
respirationExample: If energy is not needed, glucose can be

broken down to acetyl CoA that is then synthesized
into triglycerides and stored, instead of entering the

citric acid cycle

Metabolism (O2)

Postabsorptive State (O5.1)

Time between meals when the body
relies on its stores of nutrients

because no further absorption of
nutrients is occuring

Approximately 12 hours a day spent
in postabsorptive state

Glucagon is released from the
pancrease in response to decreasing

blood glucose levels

Effectors respond to glucagon

Liver increases glycogenolysis (glycogen is
broken down into glucose molecules) and
increases gluconeogenesis (glucose is
synthesized from noncarbohydrate source)

Adipose connective tissue increases lipolysis (triglycerides
are digested into fatty acids and glycerol)

Absorptive State (O5.1)

Time we eat, digesting,
and absorbing nutrients

Approximately 4
hours after a meal. 12

hours daily in
absorptive state

based on three meals
a day.

Concentrations of glucose, tryglycerides, and
amino acids are increasing within the blood as

they are absorbed from the GI tract.
Normal range of glucose: 70-110
milligrams per deciliter (mg/dL)

Effectors respond to insulin in
the following ways

Insulin is released from the pancreas in
response to increasing blood glucose levels.

Major regulating hormone released during
the absorptive state

The liver increases glycogenesis (synthesizes
glycogen from glucose molecules)

The muscles increases glycogenesis
(synthesizes glycogen from glucose molecules)

Adipose connective tissue stimulates lipogenesis;
inhibits lipolysis (fatty acids are stored as triglycerides)

Mast cells increases amino acid uptake
which stimulates protein synthesis

Release of insulin results in a decrease in all energy-
releasing molecules (glucose, triglycerides, and amino

acids) in the blood and an increase in storage of glycogen
and triglycerides, and the formation of protein within body

tissues

Excess of amino acids are
not stored as protein

Excess amino acids become
structural and functional
components of the body

Functions of the Liver (O4.1)

Summary of Metabolic processes

Carbohydrate metabolism

Monosaccharides are absorbed from the small intestine into the
blood and then enter hepatocytes. Fructose and galactose are
converted to glucose.

Noncarbohydrates are converted to
glucose by gluconeogenesis

Glucose molecules are bonded together
to form glycogen by glycogenesis

Glucose molecules are released from
glycogen by glycogenolysis

Protein metabolism

Deamination: Amine group removed from amino acids -
NH2 is converted to urea and urea enters blood (urea is
eliminated by the kidney). Remaining components are
oxidized in cellular respiration to generate ATP from the
liver

Amino acids are used to form
proteins, including plasma proteins

Transamination: Amino acids are
converted from one form to another form

Lipid metabolism
Fatty acids are joined with glycerol to
form triglycerides (lipogenesis)

Fatty acids are released from
the triglycerides (lipolysis)

Fatty acids are broken down
into acetyl CoA (beta oxidation)

Acetyl CoA is changed to ketone bodies
(water-soluble molecules); ketone bodies
are released into the blood and transported
to other cells, where they can be oxidized in
cell respiration pathways

Acetyl CoA is used in cholesterol
synthesis; cholesterol is released into the

blood within VLDLs, and some are used
to form bile salts and released as a

component of bile

Lipid TransportTransports both triglycerides and cholesterol from the liver to peripheral tisues

Empty HDLs released to pick up lipids from peripheral tissues and
blood vessels; return as full HDL to the liver

Other functions of the liver
Absorption of bilirubin

Storage site for vitamins A, D, B12; and
minerals Fe, Zn, Cu, Mg, Mn

Detoxification of drugs

Hormone breakdown

Transport from peripheral
tissues to the liver

High-density lipoproteins (HDLs)

Associated with the transport
of lipid from the peripheral
tissues to the liver

Structures are produced in
stages and have a function that
opposes VLDLs and LDLs

Proteins are formed in the liver and released
into the blood without the addition of a lipid
(i.e., structures are empty)

HDL molecules circulate throughout
the blood and fill with lipids (e.g.,
cholesterol and triglycerides) from
the peripheral tissue and the inner
lining of arterial walls

HDLs transport lipids
to the liver

Excess cholesterol is
converted to bile salts within

the liver and released into
the small intestine as a

component of bile

Transport from the liver to
peripheral tissues

Low-density lipoproteins (LDLs)

Contains relatively high
amounts of cholesterol

Delivers cholesterol to
cells of the body

LDLs bind to LDL receptors displayed within
the plasma membrane and engulfed by the
cell by receptor-mediated endocytosisEither incorporated into the plasma membrane of all cells

or used by certain tissues such as testes, ovaries, and
the adrenal cortex to produce steroid hormones

Very-low density lipoproteins
(VLDLs)

Various types of lipids
packaged with protein

Assembled in the liver and
released into the blood stream

delivered to all cells of peripheral tissues,
mostly adipose connective tissueA change in density causes the release of

triglycerides from the cells and the lipoprotein is
then called a low-density lipoprotein

Largest internal organ and
estimated to have several

hundred different functions

Anatomy of the liver

Liver lobules
serve as functional units of liver

Composed of cords of
hepatocytes that radiate

out from a central vein

Sinusoids located
between the cords of

hepatocytes Blood flow

Oxygenated blood from branches of the
hepatic artery and deoxygenated blood
delivered from branches of the hepatic
portal vein are then combined and are
transported through the liver sinusoids

toward the central vein.

Blood flows out of the
liver by several hepatic

veins into the inferior
vena cava (IVC)

Bile canaliculi are in between each
cord of the hepatocytes and receive

bile that is synthesized by
hepatocytes

Bile drains through a series of
progressively larger ducts
until it enters the small
intestine

Each lobule is served by arterial, venous and biliary vessels

functions include

Removal of bilirubin from the blood following breakdown of
hemoglobin as part of erythrocyte destruction

Formation and release of bile into the
small intestine for emulsification of lipids

Cholesterol synthesis

Following formation, cholesterol

Released into the blood as a component of
very-low density lipoproteins (VLDLs)

Synthesized into bile salts (bile acids)

Released as a component of bile into
the small intestineReabsorbed back into the blood

A small amount of bile salts eliminated in feces

A means of lowering
blood cholesterol

Low dietary intake results in lower blood cholesterol
and less cholesterol entering the liver.

Synthesis of cholesterol by the liver increases

High dietary intake of cholesterol increases blood cholesterol entering the liver and
synthesis of cholesterol decreases.

Fatty acids in the blood are transported from a liver
sinusoid and enter hepatocytes. They are then
broken down into numerous two-carbon units

Forms into acetyl CoA
called beta oxidation

Acetyl CoA molecules used to synthesize
cholesterol in an enzymatic pathwayHMG-CoA (3-hydroxyl-

3-methylglutaryl CoA)
reductase

**The Digestive
System (N)

Alimentary Canal

Gastrointestinal
Tract (N2 & 3 )

Oral Cavity ( N2.2)
Labial Frenulum

Provide stability of upper and lower lip

Lips
hold food and drinks inside

Hard plate
help move the bolus back to the oropharynx

Soft Plates
help elevate to close nasopharynx

Uvula
elevate and close off the nasopharynx

Lingual Frenulum
Tongue movement

Pharynx
Provides lubrication for swallowing

Esophagus
Peristalic contractions of esophageal muscle push bolus toward stomach

Stomach
Makes bolus into chyme, a liquid sustance

Small intestine (N2.4)

Ileum
Last part of the small intestine absorption and
digestion still occurs

Duodenum first part of the Small intestine,its arched into the
pancreas. also attached to the liver by lesser
omentum

Jejunum

Middle region of small intestine, chemical digestion
of nutrients

Anal Canal
Makes up the terminal few centimeters of the large intestine

Accessory Digestive
Organs (N3.2)

Salivary Glands

Parotid
largest gland, secretes only serous
secretions

Submandibular
secrete serous and
mucus secretions

Sublingual

secrete serous and
mucus secretions

Tongue
Bolus of food is pushed by tongue against the
hard palate

Teeth
For mastication

Liver

Detoxifies, Liver secretes bile, bile salts and lecithin
function in a chemical digestion of lipids, allowing
more efficient chemical digestion of triglycerides.,

Pancreas

produces pancreatic juice to assist with digestion,
amylase, lipase, proteases, and nucleases

Gallbladder
Stores bile

Large intestine (N2.4)

Cecum
Fist part,appendix is attached,chyme enters the
cecum from the ileum

Rectum

Muscular tube that expands to store accumulated fecal
prior to defication

Colon Ascending colon, transverse colon, and descending colon,
absorbs water and electrolytes, turns leftovers into a solid
form

 ( N2.1)Tunic Layers

Mucosa 3 sublayers Lamina Propria
Tissue type-Areolar

connective tissue
Contain small blood
vessels and nerves

Muscularis Mucosa

Tissue type- is smooth muscle
Function is for movement within
mucosa* very minor

Epithelium
Tissue Type-Simple
Coumnar Epithelium

Function is for protection can
withstand abrasion in esophagus

Submucosa

Tissue Type
Areolar and dense iregullar connective tissue

Function & features

Fine branches of nerves that extend into the micosa, these nerves
innervate the tunic layers

Muscularis Externa

Tissue Type
Two layers of smooth muscle, *circular and longitudinal

Function

Inner layer is the circular muscle and the outer layer is the
longitudinal both are for paristalsis

Serosa

Tissue type
Areolar Connective tissue

Function
Covers portions of the GI tract within peritoneal cavity

Peritoneum & Mesenteries ( N4)

Location

Retroperitoneal organs

remainder of the duodenum

cecum

ascending colon

decending colon

pancreas

kidneys

Intraperitoneal organs
stomach

spleen

liver

bulb of duodenum, jejunum, and ileum

transverse colon and sigmoid colon

Parietal peritoneum

The serous membrane that lines the
inner surface of the abdominal wall very sensitive to pressure,

pain, laceration and
temperature.

Visceral peritoneum

surrounding the organ known as
intraperitoneal organs

only sensitive to stretch and
chemical irritation

(N, 9: 10 )

Homeostatic mechanisms
& Homeostastic imbalance

Maintaining Homeostasis

Helpful Bacteria

Microflora

These resident
bacteria help keep
transient bacteria
from invading the
body

Microflora species have such a
positive effect on their host, help
produce vitamins, help formulate

excrement and guard against
harmful bacteria.

PH Balance

saliva in the mouth is the primary
digestion of carbohydrates
"salivary amylase"

this is slightly acidic because it
can't be to strong or it will harm
the oral cavity structuresTo balance things out it is important that the

small intestine has a high pH, because most of
the enzymes used in digestion can’t function

properly in an acidic environment

Homeostatic imbalances

Gallstones
bile stored in gall bladder
for too long or too much

water is removed,
cholesterol it contains
crystallizes and forms

gallstones

Pancreatitis

inflammation of pancreas, pancreatic
enzymes digest the pancreatic tissue

and duct (caused from activation of
pancreatic enzymes in duct)

Digestion Process

(N8)

Hormonal &
neural regulation
of digestive
process 

long reflex

reflex goes from gut mechano
and chemical receptors along
the vagus nerve to the Brain

short reflex

Reflexes that mediate
motility, secretions,
and hormone release

Digestive phasesgastric phase

initiated by the
presence of food in
the stomach

baroreceptors and chemoreceptors detect and start
secreting gastrin

intestinal phase

initiated by presence of acidic
chyme in duodenum

CCK decreases the force of contraction in the stomach and the
presence of acidic chyme causes release of secretin

cephalic phase
initiated by thought, smell,
sight , or taste of food

even sounds of food preparation

Hormones or
paracrines

gastrinit's a peptide hormone that stimulates secretion of
gastric acid (HCL) by the parietal cells in the stomach

and acids in stomach motility
secretin

inhibits the secretion of gastrin

histamine

plays a role in gastric secretion by helping to induce
the production of acid in the stomach

somatostatin
this regulates a wide variety of physiological functions and

inhibits the secretion of other hormones

cholecystokinin

it stimulates the delivery of enzymes from the
pancreas and bile from the liver and gall bladder

glucose dependent
insulinotropic peptidethis induces insulin secretion which is

stimulated by a hyperosmolarity of glucose
in thee duodenum

motilin

participates in controlling the pattern of
smooth muscle contractions in the upper

gastrointestinal tract. This also triggers the
secretion of gastrin which elicits the

release of (HCL) acid.

(N6 & 7)

Major
Macromolecules

Lipids

Portal venous
system

Is responsible for directing
blood from parts of the GI tract
to the liver

Substances absorbed in the small
intestine travel first to the liver for
processing before continuing to the
heartThe liver detoxifies

any toxin material
that we ingest.

Bile salts released from the
liver and gallbladder emulsify
lipid droplets to form micelles

pancreatic lipase functions within
micelles to digest each triglyceride
into a mono- glyceride and three
free fatty acidsMonoglycerides and free fatty acids

enter an epithelial cell , while bile
salts remain in the intestinal lumen

to be reabsorbed and recycled

Lacteals

A lacteal is a lymphatic capillary that
absorbs dietary fats in the villi of the

small intestine

sPeyer's patche

They are lymphatic tissue found
in the ilium of the small intestine

they form an important part of the immune
system by monitoring intestinal bacteria
populations and preventing growth of
pathogenic bacteria

Main functions

To monitor intestinal bacteria
and to prevent pathogenic

bacteria growth

it helps prevent ingested
microbes from crossing the GI

tract wall and entering the body

Proteins

Protease

Its a pancreatic
enzyme or pancreatic
juice that breaks
down protein

Chief cells

Inactive pepsinogen

Hydrochloric acid
activates pepsinogen
into pepsinPepsin helps destroy

denature protein to help
chemical breakdown

Parietal cells

HCL is not formed within
the cell but it forms from
the H+ and the CL-
Secreted from the parietal
cells

HCL converts the
inactive enzyme
pepsinogen into active
pepsinHCL also kills

microorganism that enter
the stomach, most can't

survive the low PH

Location of chemical
breakdown

Digestion initiates at the stomach by the
HCL acid and it terminates at the
duodenum in the small intestine

The gastric phase -
initiated by presence

of food in stomach

Nucleic Acids

Enzyme- nuclease

Nucleases,
deoxyribonuclese and

ribonuclease

nucleosidase

breaks bond sugar
and nitrogen base

phosphatase breaks the bond holding
phosphate to the rest of
the nucleotide

Carbohydrates

Organization of Carbohydrates disaccharides sucrose, maltose,and lactose
Enzyme wants to break bonds to
smallest subinit

monosacccharides

glucose,fructose and galactose
Smallest, the building blocks

polysaccharides starch & cellulose
Enzyme main goal is to break
down into subunit

Pancreatic amylase

synthesized in pancreas then
ejected into duodenum for example- lactase digests lactose to glucose

and galactose and sucrase digest sucrose to
glucose and fructose

Salivary amalyse

Enzyme is on the saliva that starts
chemical beak down of a

carbohydrate Salivary amylase helps start break down, when
bolus reaches the stomach the enzyme is
inactivated by the low PH of the stomach

 ( N1,5 & 8)Main functions

Digestion

Chemical digestion Breaking bonds
Gall bladder realeses bile, Parietal cells secreting
hydrochloric acid

Mechanical digestion
Only mastication without breaking bonds

Absorption

Involves membrane transport of
digested molecules, into the

blood or lymph Once pancreatic enzymes chenically
digest the bolus and the chyme
substance then nutrients are absorbed

Elimination

Is the expulsion of indigestible
components that are not absorbed

Secretion

Producing and releasing
digestive enzymes, acid and

bile From the start of Cephalic phase srcretory
activity initiate by preparing the body to
start chemical breakdown

Motility
Voluntary and involuntary muscular contractions for mixing

and moving materials trough the gastrointestinal tract Peristalsis and Mixing the constriction and altering of the circular
and longitudinal for propelling, also the blending of ingested
material with secretions in the GI tract.

Ingestion

The introduction of solid or
liquid nutrients into the oral

cavity

Uses structures of the oral cavity to
start breaking food apart to turn it

into a bolus If its a carbohydrate -
salivary amylase then
bonds start breaking

The Endocrine System (J)

(J 5) Major Hormones

Pituitary
Follicle Stimulating Hormone

Released from anterior pituitary; control of development of oocyte
in ovaries; development of sperm in testes

Prolactin

Released from anterior pituitary; regulates mammary glands;
breast milk production; increases testosterone synthesis in males

Luteinizing Hormone
Released from anterior pituitary gland; induces ovulation; controls
testosterone synthesis in testes

Adrenocorticotropic Hormone

Released from anterior pituitary; stimulates adrenal cortex to
release corticosteroids

Thyroid-Stimulating Hormone Released from anterior pituitary gland; stimulates thyroid hormone
release; hyposecretion: hypothyroidism, goiter; hypersecretion:
hyperthyroidism, graves' disease

Oxytocin

Held in posterior pituitary gland; contraction of smooth muscle of
uterus, muscle; increases emotional bonding between individuals

Growth Hormone Released from anterior pituitary gland; induces growth; releases
insulin-like growth factors (IGFs); hyposecretion: dwarfism;
hypersecretion: gigantism, acromegaly

Antidiuretic Hormone

Held in posterior pituitary gland; kidneys with urine output and
thirst center to increase fluids when body is dehydrated;
hyposecretion: diabetes insipidus

Parathyroid

Parathyroid Hormone
From parathyroid; target organs are bones,
kidneys, and intestines; withdrawal of calcium
from bone to raise blood calcium; hyposecretion:
tetany; hypersecretion: osteitis, fibrosa, cystica

Thyroid

Thyroxine/ Triiodothyronine From thyroid; aids in metabolism and
development; hyposecretion: cretinism,
myxedema; hypersecretion: graves' disease

Calcitonin

From thyroid; target organ is bone;
decreases blood calcium levels

Adrenal

Epinephrine/ Norepinephrine

adrenal medulla; prolongs effects of sympathetic nervous system;
hypersecretion: hypertenion (high BP)

Gonadocorticoids

aldosterone; target organ: kidney tubules; conserves
NaCl and water; hyposecretion: addison's disease;
hypersecretion: cushing's disease

Mineralocorticoids

regulate potassium and sodium
levelsand fluid balance

Glucocorticoids (cortisol) adrenal cortex; stress response;
anti-inflammatory; hyposecretion:
addison's disease; hypersecretion:
cushing's disesase

Pancreas

Insulinsugar transport, storage, and
usage; hyposecretion: diabetes

melllitus

Glucagon

raises blood sugar;
hypoglymia (sugar

levels drop)

Testis
Testosterone stimulates maturation and

functions of male
reproduction system;
hyposecretion: infertility

Inhibin

Ovary Progesterone

target organ: uterus;
maintains pregnancy;
hyposecretion: infertility

Inhibin

Estrogen
promotes femaleness;
hyposecretion: infertility

(J 1) Functions
(J 1.1) Major Functions

regulates development, growth, and metabolism hormones control both anabolic and catabolic processes

regulatory roles in cell division and cell differentiation

controls reproductive activities
hormones affect development and function of
reproductive system and sexual behaviors

controls digestive processes

hormones influence secretory processes and
movement of materials through GI tract

maintains homeostasis of
blood composition and

volume

regulate blood volume and other characteristics

hormones regulate amount of specific substances
dissolved within blood plasma

(J 1.3) Nervous and
Endocrine Systems

Contrast

endocrine system

hormones secreted into blood, distributed to target
cells throughout body

exercises control between two specific locations in body
through secretion of hormones

response is widespread and involves a long response
time and long-lasting effects

nervous system

response is rapid and short-lived

nerve signal causes neurotransmitter release
from neuron into a synaptic cleft

exercises control between two locations
in body by way of neurons

Comparisons
cells of both systems release chemical substances
(ligands) to communicate with particular target cells

ligand binds to cellular receptor in target cells to
initiate a cellular change

(J 4) Hypothalamus and
Pituitary Gland

(J 4.3) Release of Anterior
Pituitary Hormones hormones from hypothalamus are released into hypothalamo-

hypophyseal portal system which then goes to pituitary gland

releases releasing and inhibiting hormones

(J 4.4) Release of Posterior
Pituitary Hormones

hormones are packaged within secretory vesicles and transported
by fast axonal transport through unmyelinated axons to their
synaptic knobs in posterior pituitary

does not produce hormones, just stores them

for release, nerve signal is sent from hypothalamus along
hypothalamo-hypophyseal tract

(J 4.2) DefinitionsInhibiting Hormone

decrease production and
secretion of specific anterior

pituitary hormones

Releasing Hormonestimulate the production and
secretion of specific anterior

pituitary hormones

Tropic Hormone

stimulate other endocrine
glands or cells to secrete

other hormones

(J 4.1)
Locations/Anatomical

Relationships
Anterior Pituitary

lies inferior to hypothalamus

connects to hypothalamus through infundibulum

connects with hypothalamus by portal system

Posterior Pituitary
lies inferior to hypothalamus

connects to hypothalamus through infundibulum

axons extend from hypothalamus

Hypothalamus

has direct control over release of hormones from pituitary gland

located in brain

(J 9) Homeostatic Imbalance

(J 8) Application of Homeostatic
Mechanisms

(J 8.2) Endocrine
organs maintaining
homeostasis

Thyroid
metabolism and development

Pituitary Gland
secretes hormones to maintain homeostasis

Thymus
helps maintain immunity (thymosin)

Hypothalamus
regulation of hormones produced/secreted

Adrenal Gland
helps maintain water balance

(J 8.1) Examples of
maintaining

homeostasis

Antidiuretic Hormone (ADH) decreases urine output, stimulates
thirst center to increase fluid intake
when body is dehydrated

Melatonin
regulates body's circadian rhythms

Calcitonin
decreases blood calcium levels

Parathyroid Hormone (PTH)
increases blood calcium levels

(J 9.1) Endocrine gland effects

brain injury

dehydration

decreased calcium levels

(J 9.2) Bodily problems as
a result of failing to
maintain homeostasis

dwarfism

diabetes mellitus

addison's disease

cushing's disease

infertility

(J 2) Chemical Classification and
Mechanisms for Hormones

(J 2.1) Major
Chemical Classes

Biogenic Amines

Proteins

Steroids
(J 2.2) Transportation
through bloodBiogenic Amines

water-soluble (except for
thyroid hormone)

Proteins

secreted from cell by
exocytosis, water-soluble

Steroids
lipid-soluble, diffuses out

of cell membrane

(J 1.2) Terms
endocrine gland

composed of epithelial tissue that produces and releases
hormones directly into blood rather than through a duct

endocrine tissue (organ)
a single organ that is entirely endocrine in function

hormone
molecule transported in tissue fluids to stimulate specific cells or

tissues into action

target cell
cells with specific receptors for a hormone

(J 7) Hormonal Response to Stress

(J 7.3) Long-Term
Stress

cortisol
participates in stress

response

increases nutrients that
are available in blood

cortisone
decreases inflammation

(J 7.2) Short-Term StressEpinephrine
stress hormone for

whole body

Norepinephrine

stress hormone for
fast-acting of nervous

system

(J 7.1) Stages of Stress
Response

The Stage of
Exhaustion

body becomes weaker

elevated aldosterone levels may cause fluid,
electrolyte, and pH imbalances

occurs after weeks or months, as fat stores in
adipose connective tissue are depleted

combination of body weakness, electrolyte imbalances,
and other factors can cause organ failure and death

The Alarm Reactioninitial reaction to stress

regulated by sympathetic system

adrenal medulla releases epinephrine
and norepinephrine into blood

changes to body: pupils dilate, bronchioles
dilate, respiration rate increases, blood vessels

vasoconstrict

The Stage of
Resistance

primarily regulated by endocrine system

occurs a few hours later as glycogen stores in liver are depleted

function is to provide glucose to meet increased
energy demands; as a result, gluconeogenesis is
increased in liver, glucose is released into blood

(J 3) Control of Secretions

(J 3.2) Negative/Positive
Feedback Rolesbring body back to balance

negative feedback

controls many long term states

reverse changes in controlled condition

positive feedback
discontinue feedback system

when appropriate

(J 3.1) Types of
Stimuli

Nervous System Stimulation

few glands are stimulated to
release by direct stimulation

from the nervous system

Hormonal Stimulation
stimulus for release of some hormones

is binding of another hormone

Humoral Stimulationstimulated in response to a changing
level of nutrient molecules or ions

within blood

(J 6) Local Hormones and
Growth Factors

(J 6.1) Definitions
autocrine

synthesis and changes are
done within the same cell

paracrine
changes in neighboring cells

(J 6.2) Eicosanoids

thromboxanes

vasoconstrictor

facilitates clumping of platelets

potent hypertensive agent

produced in platelets by
thromboxane synthetase

prostaglandins

generated from arachidonate

sustain homeostatic functions

mediate pathogenic mechanisms

(J 6.3) Growth Factors

Growth Hormone
(GH)

anterior pituitary gland

stimulates epiphyseal plate to grow

stimulates muscles growth

Histology (D)

the microscopic study of tissue
architecture, organization, and function

Types of Tissue
(D1)

Epithelial (D2)

Glands (D7)

Endocrine
Structure: internally
secreting glands; lose ducts
during development

Function: secrete hormones

Exocrine

Structure: has ducts which
allow secretion on suface

Types

Simple Branched Tubular Found: Gastric Glands

Structure: multiple tubular secretory units
branching off a single duct

Simple Branched Alveolar

Found: Sebaceous Glands

Structure: individual bulbous secretory
units branching off a single duct

Simple Tubular

Found: Intestinal Glands

Structure: a single secretory unit at the
end of a tubular duct

Compound Tubular Found: Duodenal Glands of small intestine

Structure: secretory units which begin tubular
and transition to flask-like sacs

Compound
Tuboalveolar

Found: Salivary Glands

Structure: multiple branching tubular-shaped
ducts off a main duct

Compound Alveolar Structure: multiple branching ducts with bulbous
secretory units; off one main duct

Found: Mammary Glands

Function: secrete products
onto body surfaces or into
cavities

highly cellular with specialized
intercellular connections between

adjoining cell membranes called cell
junctions; differences in function

between apical surface of the cell
and basal surface

Stratified Squamous

Description: thick epithelium made of several cell layers; basal
cells are cuboidal or columnar; surface cells are squamous

Function: protects tissues underneath from abrasion

Found: moist linings of the esophagus, mouth, & vagina;
epidermis of the skin

Simple Cuboidal

Description: cube-like cells in a single layer with large orbicular
central nuclei

Function: secretion and absorption

Found:kidney tubules; ducts and secretory
portions of small glands; surface of ovaries

Pseudostratified
Columnar

Function: secretes compounds, especially mucus; propulsion of
mucus through ciliary action

Description: cells of differing heights in a single layer with nuclei
visible at different levels; may bear cilia

Found: lines the trachea and most of the upper respiratory tract;
ducts of large glands; males' sperm-carrying ducts

Simple Columnar

Function: absorption; secretion of mucus, enzymes, ect.

Description: single layer of elongated vertically cells with circular
to ovular nuclei; some bear cilia

Found: lining most of the digestive tract; gallbladder;
excretory ducts of some glands; small bronchi;
uterine tubes; some regions of the uterus

Simple SquamousFunction: allows components to pass through by diffusion and
filtration in areas where protection is not important; secretes

lubricating substances in serosae

Description: flattened cells in a single layer with elliptical central
nuclei

Found: kidney glomeruli; air sacs of lungs; lining of heart, blood
vessels, and lymphatic vessels; serosae

Membranes (D6)

Synovial
Function: produces a lubricant which allows the bones to move

without much friction

Location: lines the joint cavities

Structure: wet connective tissue membrane

Mucous

Structure: wet membrane of varying cell compositions, depending
on location

Function: absorbs and secretes; some secrete mucus which traps
possible irritants

Location: lines all body cavities which are exposed to the exterior

Serous

Structure: wet membrane; mesothelium supported by connective
tissue

Function: covers organs and cavities; secretes fluid to reduce
friction between organs

Location: lines body cavities unexposed to the exterior

Cutaneous
Structure: an organ system consisting of the epidermis connected

to the dermis; dry membrane

Function: protects blood and all organ systems from pollutants

Location: the skin

Connective (D3)
cells dispersed in

matrix

Dense

Regular

Found: tendons, most ligaments, aponeuroses

Function: attaches muscles to bones/muscles;
attaches bones to bones; withstands great

stress when pulling force is applied

Description: mostly parallel collagen fibers; some
elastic fibers; major cell type is fibroblast

Elastic

Function: allows tissue to revert after stretching

Found: walls of large arteries; within specific ligaments associated
with the vertebral column; within the walls of the bronchial tubes

Description: dense regular connective tissue with high proportion
of elastic fibers

Irregular

Description: mostly irregularly arranged collagen
fibers; some elastic fibers; main cell type is fibroblast

Function: withstands tension applied in many
directions; provides structural strength

Found: fibrous capsules of joints and organs; dermis
of the skin; submucosa of the digestive tract

Bone

Found: bones

Function: provides structure and
leverage for the muscles; stores calcium
and other minerals

Description: rigid, calcified matrix containing many collagen
fibers; osteocytes lie in lacunae; well vascularized

Fluid Blood

Description: red and white blood
cells in a fluid matrix (plasma)

Function: conveys gases
from respiration, nutrients,
byproducts, and other
substances

Found: contained within
blood vessels

Loose

Reticular

Function: fibers form a soft internal skeleton
which supports other cell types

Found: lymphoid organs (lymph nodes,
bone marrow, and spleen)

Description: loose network of reticular fibers in a gel-like ground
substance; reticular cells lie on the fibers

Areolar
Function: surrounds and cushions
organs; plays a key role in inflammation;
contains and carries tissue fluid

Description: matrix with all three fiber types;
cells: fibroblasts, macrophages, mast cells and
some white blood cells

Found: under the epithelia of the body; packages
organs; surrounds capillaries

Adipose

Found: under skin in subcutaneous tissue; around kidneys and
eyeballs; within abdomen; in breasts

Description: matrix as in areolar, but sparser;
closely packed adipocytes have nucleus
pushed to the side by large fat droplet

Function: dispenses reserve food fuel; maintains heat
retention; supports and protects organs

Cartilage

Fibrocartilage
Function: malleable strength allows it to absorb shock

Description: matrix similar to but less firm than that of hyaline
cartilage; predominately thick collagen fibers

Found: intervertebral disks; pubic symphysis;
disks of knee joint

Hyaline Function: semi-flexible support and reinforcement

Found: forms most of embryotic skeleton; covers ends of long
bones in joint cavities; forms costal cartilages of the ribs;
cartilages of the nose, trachea, and larynx

Description: unstructured but firm matrix;
collagen fibers form an imperceptible
network; chondrocytes lie in lacunae

Elastic

Found: supports the pinna; epiglottis

Function: flexible structure

Description: similar to hyaline cartilage, but
more elastic fibers in matrix

Muscle (D4)
contractile cells

Cardiac

Description: branching, striated, usually uninucleated cells that
connect at intercalated discs

Function: propels blood into circulation

Found: the walls of the heart

Smooth

Description: spindle-shaped cells with central nuclei; non-striated;
closely arranged cells to form sheets

Function: propels materials or objects along
internal channels

Found: mostly in the walls of hollow organs

Skeletal

Description: long, cylindrical, multi-nucleated cells;
obviously striated

Function: voluntary movement

Found: in skeletal muscles attached to bones
(occasionally to skin)

Nervous (D5)

Description: neurons are branching cells with a single longer
tendril; nervous tissue also contains nonexcitable supporting cells

Function: neurons transmit electrical signals which send and
receive information from throughout the body; supporting cells
protect neurons

Found: brain, spinal cord, and nerves

Tissue Injury and
Repair (D8)

Stages of Repair (D8.2)

3. the clot begins to be replaced

2. immune cells remove debris and kill bacteria

1. a fibrin clot forms to seal the wound site

4. mitosis occurs to produce new skin
cells; epidermis returns to normal
function

How Injuries Affect
Tissues (D8.1)

Epithelial
regenerates well, allowing

normal function to return

Connective
regenerative capabilities vary

Muscular
regenerative capabilities vary from

moderate to virtually none

Nervous

have virtually no regenerative
capabilities, with injured tissue

replced by scar tissue
Chemistry and Cell

Biology Overview (C)

Atoms & Molecules (C1)

Molecules (C1.3)

Chemical Bonds (C2.1)

Ions (C2.1) Cations: losing electrons

Anions: gaining electrons

Electrolytes Substances that when dissolve in water
conduct electrical current

Salts, Acids, and Base: conduct
electrical currents

Ionic Bonds: atoms with a positive or negative charge

Covalent bond (C2.1): sharing of
electrons between atoms

Single: one pair of electrons that are shared

Double: sharing two pairs of electrons

Triple: three pairs of shared electrons

Electronegativity

Nonpolar: equal sharing of electrons

Polar: unequal sharing of electrons

Hydrogen Bond (C2.1)weak attraction

forms between polar molecules

Compounds Ionic: gaining or losing electrons, usually dissociate in water

Molecular: composed of two or more different elements joined in a fixed ratio by covalent bonds

Organic Molecules (C4.3)

Nucleic Acids ( C 4.4 )

DNA (Deoxyribonucleic acid):
stores genetic information

deoxyribonucleic

one phosphate group

one nitrogen base

adenine

guanine

thymine

cytosine

Double Helix: two strands
attached by hydrogen bonds

RNA (Ribonucleic Acid)
helps manifest genetic

code for proteins

Ribose group

one phosphate group

one nitrogen base

adeneine

guanine

urical

cytosine

Single strand: of sugar-
phosphates backbone
studded with bases

ATP: (Adenosine Triphosphate)

Ribose

adenine base

3 phospate groups

is a high energy because of the 2
covalent bonds linking the 3

phosphate groups that store a
significant amount of energy

Subunits of nucleotide

nitrogen-containg based

Adenine: Purine- nitrogen base model with a double ring strand

Cytosine: Pyrimidine: is a nitrogen base, with single strand ring
structure

Thymine: Pyrimidine: is a nitrogen base, with single strand ring
structure

Guanine: Purine- nitrogen base model with a double ring strand

Uracil :Pyrimidine: is a nitrogen base, with single strand ring
structure

a pentose sugar

deoxyribose: has one less oxygen than the ribose.

ribose

one or more phosphate group

Carbohydrates ( C 4.4)

Monomers of Carbohydrates ( C 4.4 )

Ploysaccharides (hundreds or
thousands of monomers)

Starches:
long chains called Amylose

stored in plant based foods

polymer of glucose

Glycogen: polymer of glucose

stored in tissues of animals (muscles and liver)

Cellulose:

primary component of cell wall of green plants

fiber not digestible for humans, but has many
health benefits.

Monosaccharide

Pentose Sugars (contains
5 Carbon atoms ) Ribose

Deoxyribose

Hexose sugars (contain 6
atoms of Carbon)

Glucose

Frructose

Galactose

Disaccharide
Sucrose:table sugar

Lactose: milk sugar

maltose: malt sugar

Proteins ( C4.4)

Shape of proteins

Secondary structure:

Alpha-helix:stand of amino acids in a spiral shape held together
by hydrogen bonds

Bonding occurs between the amino acids with different regions of
the polypeptide.

Primary structure: sequence of amino acids that make up the
polypeptide chain.

Tertiary structure: : proteins folds into a 3 demential shape

Quaternary structure: combination of globular proteins, often
highly reactive and hydrophobic. example-hemoglobin

Portions are composed of

amino acids linked by peptide bonds

peptide

is a covalent bond between 2 amino acids

also called polypeptides

amnio acid carboxyl group

amino group

R group (may be polar, nonpolar, charged, neutral

20 kinds

Lipids ( C 4.4 )

Steroids
4 Hydrocarbon rings bonded to other atoms

Cholesterol (building block for
steroid hormones)

found in cell membrane to help regulate the flow of substances

Phospholipid
Polar head

Phosphorus group

Glycerol backbone

Non-polar tail
2 fatty acid chains

Triglyceride

3 fatty acid chains

Tans fatty acid chains: created from unsaturated fatty acids
chemically changed to create hydrogenated fats

Saturated: straight rigid chains and solids at room temperature

unsaturated: are oils at room temperature

Polyunsaturated: (kinked) two
or more double carbon bonds

Monounsaturated: (kinked) one
double carbon bond

Glycerol

Prostaglandin
group of signaling molecules

unsaturated fatty acids ( Omega-3 fatty acids ) found
in fish helps regulate blood pressure, inflammation,
and reduces risk for heart disease.

Parts of an atom
(C1.1)

Protons
Nucleus

Atomic Number

Positive charge, mass 1 Amu

Neutrons

Neutral charge, mass 1 Amu

Nucleus

Atomic Mass - Atomic number =
neutrons + protons

Electrons
orbitals

Equal to proton number

Negative charge, mass 1/1800 Amu

Periodic Table
(C1.1, C1.3 & C1.2)

Atomic Mass: Mass of protons and neutrons in the atomic nucleus

Isotopes: Element that have the same number of protons and
electron but differ in neutrons

Valence Electrons: elections in the outer most shell

Radioisotopes (C1.2)

Alpha, Beta Particles, and Gamma Rays

contain excess number of neutrons

Element:: Atom that makes up chemical properties

Octet Rule: Atoms gain, lose, or share electrons to maintain a
chemical stability - often with 8 valence electrons

Atomic Number: indicates number of protons (and electrons in neutral atom)

Inorganic Compounds &
Solutions (C3)

Water (C3.1)

Cohesion: attraction between water molecules

Surface Tension: the inward pulling of cohesive forces at the
surface of the water

Adhesion: attraction between water molecules and another
substance

Specific Heat: is the amount of energy required to increase the
temperature of 1 gram of a substance by 1 degree of celsius

Heat of Vaporization: energy from liquid state to a gaseous

Water Mixtures (C3.2)

Mixtures: mixing of two or more substances

Suspension: occurs when material that is lager in size than 100
nanometers is mixed with water. it does not remain mixed
together unless in motion.

Colloid: is a mixture composed of protein within water , where
protein ranges in size from 1 to 100 nanometers.

Solution: is a homogeneous mixture in which the substance is
smaller that 1 nanometer, that dissolves in water

Emulsion: mixture of polar and non-polar compounds

pH Scale (C3.4 & C3.5)

Neutralization: occurs when a solution that is either acidic or basic
is returned to neutral (pH7) . EX- Thumbs neutralizing stomach
acid.

Acid: because H+ is a proton, an acid is the proton donor

A substance that releases hydrogen ions (H+) in a solution

Base: accepts the H+ already present in a solution

substance that releases hydroxyl ions (OH-) in a solution

Buffer: a single substance or can also be a associated group of
substances that help prevent pH changes if either excess acid or
base is added

the pH solution is a measure of a relative amounts of H+ it
contains: expressed as a number between 0-14. pH is inverse
relationship of logarithmic values for hydrogen concentration H+

Example
[H+] = 1 x 10-7

[H+] = 0.0000001

Water is 10-7

pH = 7

As H+ increases, pH decreases and as H= decreases ,pH
increases

Negative log of [H+]=1/log of [H+]

Intracellular Organization
of Nucleus & Cytoplasm (C6)

3 main parts of cell (C 6.1)

Plasma (Cell) Membrane- A
membrane surrounding all
animal cells

Interstitial fluid- fluid contained
within small spaces between cells.

Membrane proteins ,structures
and functions (C 7.2, 7.3, 8.1)

Transportation
through cell
memberane

Passive process- no expenditure of
cellular energy required. (Substances
move down their concentration gradient)

Diffusion -movement of solutes

Simple diffusion - no transport protein required

Facilitated diffusion -
transport protein required

Carrier-mediated- small polar molecule moved by carrier protein

Channel-mediated- Ion moves through channel

Osmosis- diffusion of water across a
selectively permeable membrane

Isotonic -both solution and cytosol have the
same concentration of solutes

Hypotonic -the solution that has a lower concentration of solutes
and has a higher concentration of water in cytosol

Lysis- rupture of the cell when
a difference in concentration is

large enough

Hemolysis-a term specifically for
the rupture of erythrocytes

Tonicity- the ability to change the volume
or pressure of the cell by osmosis

Hypertonic- Solution has a higher
concentration of solutes and lower
concentration of watering the cytosol

Crenation- this process is when the
difference in concentration is large

enough, the cell will shrink.

Active process- requires the
expenditure of cellular energy
(involves either the moment of a
substance up its concentrate gradient
or the formation or loss of a vesicle)

Vesicular transport-
Involves a vesicle

Endocytosis- Material brought
into cell as vesicle is formed.

Phagocytosis-cellular eating

Pinocytosis- cellular drinking

Receptor-Medicated endocytosis-
receptor required

Exocytosis -vesicular
contents realized from cell

Active transport-ion or small molecule
moved agent the concentration gradient

Primary active transport - energy
source comes from ATP

Na+/K+ pump is a plasma membrane transport protein
that uses ATP to move Na+ and K+ ions through the

membrane in opposite directions from there region of low
concentration to their region of high concentration. ATP is

moving 3 Na+ out of the cell and 2 K+ into the cell

Secondary active transport - energy source from
movement of another substance

Symport -two substances moved
in the same direction

Antiport - two substances moved in the
opposite directions

Membrane Protein
function

Peripheral proteins- found on the outer or inner surface of the
lipid bilayer but can also be attached to the internal or external
part of an integral protein. they preform specific instructions for
the cell

Integral proteins - embedded and
extend through the lipid bilayer.

Ion Channel - forms a pore through which specific ion can flow to
get across the membrane

Carrier transports a specific substance across the membrane by
undergoing a change in shape (also called transporters)

Ligand- is a specific molecule that binds to and activeates as a
receptor

Receptor- type of recognition protein that can selectively bind a
specific molecule outside the cell, and binds with a chemical
reaction within the cell

both peripheral and integral proteins
Enzymes- are attached to either to the internal or external surface
of a cells for catalyzing chemical reactions

Linker- anchor filaments inside and outside the plasma
membrane , by providing structural and stable shape for the cell

Cell Identity Marker ( Glycoprotein ) -communicate to other cells
that they belong to that cell. immune system cell uses identity
market to tell the cell part from healthy cell, damaged, or infected
cells that need to be destroyed

Gradients across the
membrane

Concentration Gradient -differences in the concentration of a chemical from
one place to another, inside and outside the plasma membrane.

Electrochemical gradient - the combined influence of both concentration
and electrical gradient on movement of a particular ion

Electrical gradient- a chemical difference in electrical charges
between two regions

Functions of Plasma
Membrane

Physical barrier-establishes a flexible boundary, protects cellular contents and supports
cell structure. Phospholipid bilayer separates substances in and out of the cell.

Selectively permeable -regulates the entry of the ions, nutrients and waist through
the plasma memebrane

Electrical chemical gradient-establishes and maintains a electrical
charge difference across the plasma membrane

Communication-contains receptors that recognize and respond to a molecular signals

Surfaces of Cells External
SurfaceFlagella -longer than cilia. the function is to help

propel an entire cell. (sperm moves through the
reproductive tract to oocyte) Requires energy .

Microvilli- are thin membrane extensions from the
surface o the plasma membrane .they increase surface

area of the plasma membrane for more efficient
membrane transport. small intestines have microvilli

which is needed to absorb digested nutrients

Cilia- hair like follicles.Contain cytoplasm and
supportive microtibles proteins , and are

enclosed by the plasma membrane. (respiratory
pathways- moves mucus) Requires energy.

Lipid bilayer

Cholesterol (20%) with
steroid attachment -OH

group

Gylcolipids- (5%) lipids attached
carbohydrates group.

carbohydrates- help form the
glycocalyx and help identify cells

Pliable structure
composed 75% of
phospholipid bilayer
(C7.1)

hydrophilic molecules

Phosphate heads

glycerol

phosphate

polar

attracted to the water (water
loving)

intracellular fluid - the fluid
inside the cell

extracellular fluid-the fluid of
environment outside the

enclosure of the cell membrane

hydrophobic molecules

fatty acid tails
saturated fatty acid

unsaturated fatty acid

non-polar

repels and is repelled by
water (water fearing)

Cytoplasm- internal material
between the cell membrane and

nucleus of the cell

contains (6.2)

Cytosol -Clear fluid
made up mostly of
water and is the
semi-fluid medium of
the cytoplasm

Organelles and
cellular solutes (C.9)

Smooth Endoplasmic
Reticulum

Synthesis,transports,and storage of lipids (steroid)

Detoxifies drugs and poisons

Carbohydrate Metabolism (glycogen synthesis and break down of
liver cells.

Forms transport vesicles for shipping of the golggi apparatus

portions without attachment of ribosomes

Rough Endoplasmic
Reticulum

Forms transportation vesicles for shipping of proteins to the golgi
apparatus

Modify proteins and stores proteins -examples adds
carbohydrates to form glycoproteins then tags for shipping.

extends from the nuclear envelope to the plasma membrane and
makes up one-half of the membrane within the cell. The ER
membrane surface is a point of attachment for the ribosomes.

Synthesizes protein for secretion

Cytoskeleton

Structural support
and organization of

the cell

Intermediate Filaments - (between 8-12 nanometers ) support
cells structurally and stabilize junctions between them. Example:
keratin in skin,nails,and hair

Microfilaments - (7 nanometers long and composed of actin) help
maintain cells shape, form internal support of microvilli, separate the
cells formed in cytokinesis, and facilitate cytoplasmic streaming

Microtubules - (hollow cylinders the are approximally 25 nanometers) composed of long globular
proteins called tubulin. Help maintain shape and organization, movement of organelles, form
protein components of cilia and flagella, participates in cellular transportation of vesicles, and
separates chromosomes during cell division

Movement- vacillates cytoplasmic streaming, involved in the
moment of the vesicles within the cell, and also participates in
muscle contraction.

Cell Divison - separates the chromosomes during cell division
splits into two daughter cells (cytokinesis)

Golgi Apparatus

Modify s, package s,and sort proteins that where made by the ER
then shipped out to different regions

Synthesis digestive enzymes for lysosomes

Forms secretory vesicles for delivering components of the plasma
membrane and releasing contents from the cell by exocytosis

Centrosome
Function of the centrosome is organization of the microtubules
within the cytoskeleton . Involved in celluar division when
microtubules form the spindle fibers to facilitate chromosome
movement

Contains a pair of perpendicularly oriented cylinders (also help in
cell division )

Proteasomes

controls the quality of exported cell protiens

Degrades proteins that are damaged, incorrectly folded, or no
longer needed

Mitochondria

Double-membraned organelle
responsibe for cellular respiration (see
Nutrition and Metabolism)

Ribosomes

Bound Ribosomes -are attached to the external surface of the ER
they help with the synthesis of proteins that will be exported form
the cell, to become part of the plasma membrane, or serve as an

enzyme with lysosomes

Free Ribosomes-these are suspended within the cytosol all
proteins that function within the cell are synthesis by the free

ribosomes.

Non-membrane-bound organelles containing protein and
ribonucleic acid

Free Ribosomes
freely suspended ribosomes

Peroxisomes

Break down( fatty acids, uric acid, and amino acids-a waste
product of nucleic acid breakdown) molecules with hydrogen

peroxide produced during the process (by a catalase enzyme)

Membrane-enclosed sacs that contain over 50 different enzymes
that vary by cell

Involves in synthesis of specific types of lipids

Lysosomes
Autophagy-remoal of damages cellular components and organelle

Autolysis-breakdown cellar components folioing cellular death

Smallnmembranous sacs that contain digestive enzymes , are
immersed in acidic fluid (pH5)

Nucleus-(Control center of the cell) House DNA

Chromatin

Structure -granular thread
like material composed of
DNA and histones
proteins

30% DNA is our genetic material

60% globular histone protiens - regulate DNA

10% RNA chains,newly formed or forming

Function- DNA constitutes genes

Chromosomes -barklike bodies of tightly could chromatin,
they become visible during cell division

DNA

Cell Cycle (C 12)

Cell Division

Mitosis (karyokinesis)

( 2 )Metaphase

The two centrosomes are that opposite ends
(poles) of the cell

The chromosomes gather at the midline of the cell

At the end of metaphase the enzymes will act
separating the chromatids from each other are

triggered.

( 3 ) Anaphase
Non kinetochore microtubules side past each other lengthening

and pushing the to poles of the cell apart.

Microtubules shorten, pulling each chromosome
toward the ends (poles) it faces.

( 4 ) Telophase

Reformation of the nuclear membrane

Chromosomes unravel and DNA becomes chromatin

(1 )Prophase

Early Prophase

The chromatin coils and condenses

Each chromosome consists of two identical threads ( sister
chromatins held together at centromeres

When the chromosomes appear, the nucleoli disappears and the
two centrosomes separate from each other.

The centrosomes act as focal points for the growth of the
microtubules. They grow in length and people that centrosomes at

the opposite ends (poles )of cell

Microtubule arrays (asters) extend from the centrosomes

Late Prophase

The nuclear envelope breaks down, allowing the spindle fibers to
interact with the chromosomes

Microtubules slide past each other , forceing the poles apart.

The microtubules pull on chromosome from both poles ( like tug
of war) that draws the chromosomes to the center of the cell

Cytokinesis

Division of the cytoplasm and
formation of two cells via cleavage

Occurs during anaphase
and telophase

Interphase (Growth
Phase)

S Phase: DNA is replicated, ensuring that the two future cells
being created will be received identical copies of the genetic

material.New histones are also made and assembled into
chromatin.

G2: last phase of interphase. The enzymes and other proteins
needed for division are synthesized and moved to other sites.

centriole replication started in G1 and be complete by end go G2.
this stage also marks a checkpoint that ensures DNA is replicated
and damaged DNA has been repaired . then the cell will be ready

to divide.

G0 Phase:Cells that permeantly stop dividing

G1 Phase: cell is metabolically active, synthesizing proteins
and growing. Can last minutes, hours, and days.

Protein Synthesis

Transcription

The DNA helix separates and one of the strands serves as a
templet for synthesizing a complementary RNA strand

Transcription - will transfer information from DNA base sequence
to complementary base sequence of an mRNA molecule

RNA polymerase - enzyme that over see the perpetration of
mRNA

Processing of mRNA - the editing and furthering the process to
clean the mRNA transcript. introns are left and must be removed

by spliceosome.

Messenger RNA (mRNA) - a long nucleotide that resembles half-
DNA molecules. mRNA will carry genetic information to the

cytoplasm

Once mRNA is made it detaches and leaves the nucleus through
the nuclear pores, and heads toward the ribosomes for protein

synthesis

3 phases

Initiation- RNA polymerase binds to the promoter, separates the
helix strand and the mRNA synthesis starts with the promoter

region.

Elongation-RNA polymerase moves along the templet strand ,
joining together RNA nucleotides complementary to DNA. (

replaces the T for a U ) it elongates that mRNA as it transcripts
one nucleotide at a time, unwinding the DNA Helix in the front and

rewinding it behind.

Termination-mRNA synthesis will end when the polymerase
reaches a special nucleotide sequence (termination signal)
Finally they Polymerase and finished mRNA transcript are

released.

Translation3 phases

Elongation- involves the orderly delivery of
subsequents amino acids to amino acids by
speific tRNAs to form the proteins

Peptide bond is formed between the
two amino acids

anticodon of charge tRNA
complementary bases-pairs with

codon of mRNA in certain site.

Ribosome shifts down one codon.
additional amino acids delivery by tRNA
base-pair with mRNA until stop codon is

reached

Initiation- ( happens in cytosol )- small subunit, and charged tRNA
with UAC anticodon and attachment methionine come together to

form a complex.( tRNA is in the P site )

Termination- releases factor binds with stop codon of mRNA :
newly formed proteins strand is released

Transfer RNA (tRNA) serves as an adapter to bring specific
amino acid to a specific mRNA codon. Has two specific regions,

the acid acceptor and the anti-codon.

the language of nucleic acids (base sequence) translated into
language of proteins (amino acid sequence )

Structure of the
Nucleus Nucleoplasm- fluid within the nucleus that separates the

cytoplasm

Nuclear Envelope- a double membrane that encloses the nucleus

Nuclear Pores -are open passage ways formed by proteins that
extend through fused regions of the nuclear envelope.

Nucleolus- non-membrane-bound and is composed of proteins
and RNA and is responsible for protein synthesis

The Nervous
System (H)

Gross & microscopic anatomy of
nervous tissue (H3)

Glial cells

in CNS

Astrocytes
Most abundant and versatile glial cells, and have a
"star shape", support neurons in the CNS, by
maintaining the concentration of the chemials in
extracellular space, removing excess signaling
molecules, reacting to tissue damage and
contributing to the blood-brain barrier.

Microglial Cells
Small, classified as phagocytic cells of the immune
system, they wonder through the CSN and replicate in
response to infection. They also protect against any
microorganisms and other hamful substances and
debris of dead or damaged nervous tissues.

Ependymal Cells

Ciliated simple cuboidal or simple columnar epithelial
cells that line the internal cavities of the brain and
central canal of spinal cord. Work together with blood
capillaries to form choroid plexus. This helps produce
cerebrospinal fluid, a clear liquid that covers the
external surface of the CSN.

Oliogodendrocytes

Large cells, with bulbous body and slender cytoplasmic
extensions. These cells wrap around and insulate axons
in the CSN to form a myelin sheath, this allows faster
propagation of action potentials.

in PNS

Satellite Cells Found in sensory and autonomic ganglia, surround
the cell bodies of neurons. Perfrom similar functions
as astrocytes that are found in the CNS

Schwann Cells

Insulate axons with myelin in the periphery, they are
very similar to oligodendrocytes, important to
regeneration of damaged peripheral nerves

Neuron Processes Axon
Conducts an output signal, typically away
from the cell body

Carries an electrical signal (action potential)
away from cell body toward a target cell

Dendrites

One of many branchlike processes that extends
from the neuron cell body and functions as a
contact for incoming signals (synapses) from other
neurons or sensory cells

Recieves signals from other neurons

Cell body (Soma)
Varies in location. Biosynthetic center of the
neuron, contains the usual organelles needed
to synthesize protiens and other chemicals

Recieves information from other neurons

Structural types of
neurons Bipolar Two processes, axon and dendrite that

extend from opposite sides of cell body,
found in some special sense organs

Multipolar

Three or more processes. One axon
and rest are dendrites. Most common
neuron in humans

Unipolar Single short process, emerges from cell
body, divides into proximal and distal
branches, found in ganglia in PSN

Nerve
A bundle of axons in the PSN

Tract

Bundles of axons within the CSN in which
the axons have a similar function and

share origin and destination

Neurophysiology (H4)

Neuron signaling

Graded potentials

Influx of ions (ex. Na+, Cl-) or outflow of ions (ex. K+)
changes local membrane potential

Stimuli from neurotransmitters open ligand-gated
channels on dendrites or soma

IPSP - inhibitory post-synaptic potential
occurs when positive ions leave the neuron (K+) or negative ions enter neuron (Cl-)

EPSP - excitatory post-synaptic potential
occurs when positive ions enter the neuron (Na+, Ca++)

Summation

Temporal
one area of neuron is stimulated repeatedly

Spatial
many areas of the neuron are stimulated at once

Threshold
occurs when summation of EPSPs and IPSPs reaches threshold at the axon hillock

Resting potential normal negative potential - approx -70 mV of neuron inner cell
membrane

due to leakage K+ channels andICF/ECF ion concentrations

Neurotransmitter release

AP triggers voltage gated
calcium channels

only on synaptic bulb

allow influx of Ca++

influx of calcium triggers exocytosis
of neurotransmitter

Action potential

role of Na+/K+ pump

Na+/K+ pump re-establishes Na+ and K+ gradients

resting potential restored

begins at axon hillock (first voltage gated channels)

triggers fast voltage-gated
Na+ channels

causes depolarization (potential increases to 30 mV)

triggers slow-acting voltage-
gated K+ channels

causes repolarization (potential to drop back to -70)

Change in membrane potential travels
down cell membrane

saltatory conduction - action potential "jumps" from neurofibril
node to next

continuous conduction - without myelin

Neuron cell membrane

ion channels

Ligand-gated Channels

Neurotransmitter (such as acetylcholine) binds to a
specific location on the extracellular surface of the
channel protein, the pore opens to allow certain ions
through.

Leakage Channels

In certain situations, ions need to move through the membrane
randomly, the particular electrical properties of certain cells are
modified by the presence of is type of channel

Mechanically gated channels

When mechanical change occurs in the surrounding tissue, such
as pressure or touch, the channel is physically open

Voltage Gated Ion
Channel

Usually closed, but they open in
response to changes in electrical
charge across the plasma membrane

Voltage gated Na+

Voltage gated K+

Voltage gated Ca++

The cell membrane is composed of a phospholipid bilayer and
has many transmembrane proteins, including different types of
channel proteins that serve as ion channels

Feedback Loop (H2)

Receptors
Temperature sensitive
cells in skin and brain

Control Center

Thermoregulatory
center in the brain

Effectors

Sweat Glands, skeletal
muscles

Sensory
Receptors (H6)

Exteroceptor Receptor that is located located near a stimulus in the external
environment, such as the somatosensory receptors that are
located in the skin

Interoceptor Interprets stimuli from internal organs and tissues, such as the
receptors that sense the increase in blood pressure in the aorta
and carotid sinus

Proprioceptor
Receptor located near a moving part of the body, such as a
muscle, that interprets the positions of the tissues as they move

Types of receptor cells

Nociceptors
Interprets the presence of chemicals from
tissue damage, or similar intense stimuli

Mechanoreceptor

Physical stimuli, such as pressure and
vibration, as well as the sensation of
sound and body position

Chemoreceptors
Interprets chemical stimuli, such as an
objects taste or smell

Photoreceptor

Receptor cells specialized to
respond to light stimuli

Organization (H2) anatomical

central nervous system CNS

brain Perception and processing of sensory stimuli (somatic and
autonomic)
Execution of voluntary motor responses (somatic)
Regulation of homeostatic mechanisms (automatic)

spinal cord

Initiation of reflexes from ventral horn (somatic) and lateral horn
(autonomic), pathway for sensory and motor functions between
periphery and brain (somatic and automatic)

peripheral nervous
system PNS

cranial nerves
Sensory and motor neurons (somatic and autonomic)

spinal nerves
Both sensory and motor

ganglia

Reception of sensory stimuli by dorsal root and cranial ganglia
(somatic and automatic), relay of visceral motor responses of
autonomic ganglia (automatic)

Functional Organization

Peripheral nervous system (PNS)

Motor (efferent) divison
Somatic (Voluntary) Somatic motor,

Conducts impulses from the CNS
to skeletal muscles

Autonomic

Sympathetic division
mobilizes body for activity (fight or flight)

Parasympathetic
divison

Conserves energy, promotes house-keeping
functions during rest (rest and digest)

(Involuntary) Visceral motor, Conducts impulses from the
CNS to cardiac muscles, smooth muscles, and glands

Motor nerve fibers, Conducts impulses from the CNS to effectors
(muscles and glands)

Sensory (afferent) divison
Somatic and visceral sensory nerve fibers, conducts impulses from receptors to the CNS

Cranial and spinal nerves serve as
communication lines between CSN
and all of the body

Central Nervous System (CNS)
integrative and control centers

Function (H1) Integration Stimuli that are recieved by sensory structures are
communicated to the nervous system where that
information is processed

Response

Produces a response on the basis of the
stimuli perceived by sensory structures

Sensation Reciving information about the environment to gain
input about what is occuring on the inside and outside
of the body

Anatomy of Spinal Cord and
Nerves (H10)

Gray Matter
Site for integration of

EPSP's and IPSP's Mostly neuron cell bodies and
unmyelinated fibers

White Matter
Contains sensory and

motor tracts
Dense collections of
myelinated fibers (axons)

Gross anatomy of Spinal Cord
Posterior median sulcus

Central canal

Subdural space

Anterior median fissure

Subarachnoid space

Pia Matter (inner)

Denticulate ligament

Arachnoid mater (middle)

Dura Mater (outer)

Spinal cord cross
section structures

Anterior root of spinal nerve

Dura mater and arachnoid mater

Denticulate ligament

Pia mater

Posterior root of spinal nerve

Epidualr space

Subarachnoid space

Anterior ramus of spinal nerve

Posterior ramus of spinal nerve

Roots

Ventral Root

Including rootlets contain axons of motor
neurons, which conduct nerve impulses from

the CNS to effectors (muscles and glands)

Dorsal Root Ganglion
Contains cell bodies of sensory neurons

Spinal Nerve Plexuses

Spinal Nerves
Paths of communication between the spinal cord and specific

regions of the body

There are 8 pairs of cervical nerves (C1-C8), 12 pairs of thoracic
nerves (T1-T12), 5 pairs of lumbar nerves (L1-L5), 5 pairs of sacral

nerves (S1-S5), and 1 pair of coccygeal nerves

Cervical Plexus
Lesser occipital nerve, Greater auricular, Ansa Cervicalis,

Transverse cervical nerve, Supraclavicular nerve, Phrenic Nerve

Brachial Plexus

Musculocutaneous nerve, Axillary nerve, Median nerve,
Radical nerve, Ulnar nerve, Intercoastal nerve, Subcostal

nerve, Second lumbar vertebra

Lumbar Plexus

Iliohypogastric nerve, Ilioinguinal nerve, Genitofemoral nerve,
Lateral nerve, Femoral nerve, Obturator nerve

Sacral Plexus

Superior gluteal nerve, Inferior gluteal nerve, Sciatic
nerve, Tibial nerve, Posterior cutaneous nerve of thigh,

Pudendal nerve

Cranial Nerves (H9)

I.) Olfactory
Sensory, (smell). Receptors in olifactory epithelium of nasal cavity

II.) Optic
Sensory, (Vision). Retina of the eye

III.) Oculomotor
Motor. Oculomotor and Edinger Westphal nuclei within the

midbrain

IV.) TrochlearMotor. Contracts one extrinsic eye muscle (superior obique) to
move eye inferiorly and laterally. In the Trochlear nucleus within

the midbrain

V.) TrigeminalMixed (both sensory & motor). Mixed nerve that consists of three
divisons: ophlamic, maxillary, and mandibular. Located in the

nuclei of pons

VI.) Abducens
Motor. Innervates one extrinsic eye muscle (lateral rectus) to

move the eye. Located in Potine (abducens) nucleus of the pons

VII.) Facial

Mixed (both sensory & motor). Conducts taste sensationa from
anterior two-thirds of tongue; relays motor output to muscles of

facial expressions; tear glands and most salivary glands. Located
in nuclei in the pons

VIII.) Vestibuocochlear

Sensory. Spinal ganglion (hearing), Vestibular ganglion
(balance).

IX.) Glossopharygeal
Motor. Pharyngeal muscles, Geniculate ganglion, Otic ganglion

X.) Vagus

Motor. Terminal ganglia serving thoracic and upper abdominal
organs (heart and small intestines)

XI.) Accessory
Motor. Neck muscles, controls movement of the head

XII.) Hypoglossal

Motor. Muscles of the larynx and lower pharynx, promotes speech
and swallowing

Division, origin, and
function of component
parts of the brain (H7)

Limbic system

Limbic lobe
Is a rim of cerebral cortex on the medial

surface of each hemisphere

Septal Nuclei

Located within the septal area formed by the regions
under the corpus callosum and the paraterminal gyrus

Mammillary bodies

Two round masses close to the midline near the
cerebral peduncles

Olfactory bulbs

Flattened bodies of the olfactory
pathway that rest on the cribriform

plate

governs emotional aspects of behavior

Denate gyrus
Lies between the hippocampus and

parahippocampus

Amygdala
Composed of several groups of neurons located

close to the tail of the caudate nucleus Developmental regions

Cerebrum

Largest part of the brain, divided into two hemispheres,
memory, emotion, and consciousness are the result of
cerebral function

Hypothalumus

Collection of nuclei that are largely involved in regulating
homeostasis

Diencephalon
Consists of thalamus, hypothalamus, and epithalamus

Cerebellum "little brain", largely responsible for comparing information
from the cerebrum with sensory feedback from the periphery
through spinal cord

Brainstem
Connects the brain to the spinal cord, consists of the
medulla oblongata, pons, and midbrain

Thalamus

Collection of nuclei that relay information, all sensory
information except smell, passes through the thalamus,
before processing by the cortex

Lobes of cerebral
cortex

Parietal Lobe postcentral gyrus, located posterior to central sulcus, contains the
primary somatosensory area of the cerebral cortex

associated with movement, orientation,
recognition, perception of stimuli

Occipital Lobe

associated with visual processing

parieto-occipital sulcus, seperates parietal lobe from occipital lobe

Temporal Lobe

associated with perception and recognition auditory stimuli,
memory and speech

lateral cerebral sulcus the frontal lobe from the temporal lobe

Insula Within the lateral cerebral sulcus, deep to
the parietal frontal, and temporal bones,
cannot be seen at the surface

Frontal Lobe

precentral gyrus, located immediately
anterior to central sulcus

associated with reasoning, planning,
emotion and problem solving

central sulcus seperates the frontal lobe from the
parietal lobe

Hemispheric Specialization

Right HemisphereControls movement in the left side of the body, creativity, Receives
sensations from left side of the body, recognition of faces, recognition

of patterns, musical ability, spatial ability, emotional detection and
expression, appreciation of art

Left Hemisphere

Controls movement in the right side of the body, speech, receives
sensations from right side of the body, comprehension of

language, reading and writing, analytical thinking, logical reasoning
mathematics

Corpus Callosum
allows communication between the two hemispheres of the brain,
responsible for neural messages between the right and left sides

Reflexes (H11)

Spinal reflex
Integration takes place in the spinal cord
gray matter

Stretch flex Causes contraction of a skeletal
muscle in response to stretching of the
muscle (patellar or knee jerk)

A fast, involuntary, unplanned sequence of actions
that occurs in response to a particular stimulus

Flexor Reflex
Causes withdrawal of a part of the
body in response to a painful stimulus

Cross extensor
Help maintain balance

Intersegmental
reflex Nerve impulses from one sensory neuron ascend

and descend in the spinal cord and active inter
neurons in several segments and the spinal cord

Specific reflexes used in clinical
assessments

Achilles Involves plantar flexion of the foot by contraction of the
gastrocnemius and soleus muscles in response to tapping the
calcaneal tendon.

Babinski

Reflex results in gentle stroking of the lateral outer margin of the
sole.

Patellar Reflex Involves extension of the knee by contraction of the
quadriceps femoris muscle in response to tapping the
patellar ligament

Abdominal

Involves contraction of the muscles that compress the abdominal
wall in response to stroking the side of the abdomen

Neurotransmitters
&Their Roles in
Synaptic
Transmission (H5)

Postsynaptic
Receives change in the membrane potential. Receives the chemical

signal and in turn may generate an electrical signal

Presynaptic
Converts an electrical signal (nerve impulse) into a chemical

signal (released neurotransmitter)

Summation (Postsynaptic Potentials)

TemporalA single imputResponse to stimuli that occur at the same
location in the membrane of the postsynaptic

cell but at different times

Spatial

Multiple input
Results from the buildup of neurotransmitters

released by several presynaptic end bulbs

Neurotransmitter
(examples)

Seratonin
Mainly inhibitory, role in regulating mood,

appetite, circadian rhythm, and sleep
Acetycholine

Neuromuscular junction

Dopamine
Influences emotion and attention

Norepinephrine
Triggers flight or fight

Postsynaptic
potentials

Excitatory
Push the neurons closer to threshold and make an

action potential more likely

Inhibitory

Push the neuron further from the threshold, makes
an action potential harder to achieve

Synapes
Electrical

Least common, corresponds to gap junctions

Chemical

Axon terminal, receptor region. More abundant, slower,
more selective

Special Senses (I)

Maintaining Homeostasis

Homeostatic
Imbalance disease
and disorder

Cataracts
A common cause of blindness is a loss of transparency of the lens

GlaucomaMost common cause of blindness in the United Sates, is due to an
abnormally high intraocular pressure as a result of a buildup in

aqueous humor

Deafness
Significant or total loss of hearing

Meniere's Disease

Increased amount of endolymph that enlarges the membranous
labyrinth

Otitis Media

Acute infection of the middle ear caused mainly by bacteria and
associated with infections of the nose and throat

Homeostatic ImbalancesFactors include, your genetic makeup, environment, behavior the
food you eat, and even the thoughts you think. The way you live
your life can either support or interfere with your body's ability to

maintain homeostasis

Homeostatic
Mechanisms (I.9)

Sensing Disruptions
in Homeostasis

Mechanoreceptors
Detects mechanical deformation of
the receptor itself or adjacent cells

Thermoreceptors

Sensory receptor that detects
changes in temperature

Nociceptors

A free nerve ending that detects
painful stimuli

Chemoreceptors
Sensory receptor that detects the
presence of a certian chemical

Maintaining
homeostasis

Respiratory High concentration of carbon dioxide triggers faster
breathing, Lungs exhale more frequently which
removes carbon dioxide from the body more
quickly

Endocrine

High concentration of blood triggers secretion of
insulin by an endocrine gland called the
pancreas

Vision

Anatomy of the eye

Cornea
Transparent coat that covers the iris

Pupil
Hole in the center of the iris

Iris
Colored part of the eye

Fovea Centralis
Serves as focal point

Anterior Chamber
Contains aqueous humor, which nourishes and

maintains the shape of the front of the eye

Ora Serrata
Jagged anterior margin of retina

Posterior Chamber
Produced by ciliary body, contains

aqueous humor

Suspensory Ligaments
Increase or decrease refraction of light

Vitreous Body
Maintain the shape of the eye and support

the internal parts

Optic Disk
Blind spot

Retina
Translucent inner tunic, which

contains rods and cones

Choroid

Dark middle tunic which absorbs
light to prevent reflection

Sclera
White outermost tunic for protection and

maintenance of shape

Optic Nerve

Transfers visual information from the retina
to vision centers of brain

Lens
Behind iris; focuses light on retina

Lacrimal Gland
Produces tears that lubricate the eye

Photoreceptors

Photopigment
A colored protein that undergoes structural changes when it

absorbs light, in the outer segment of a photoreceptor

Rods
Retinal receptor cell that is specialized for low-light vision

Photo pigment found in rods are rhodopsin

Cones
Retinal receptor cell that is specialized for color vision

through the use of three photopigments
Cone photopigments are present in the retina, one in each of the

three types of cones, blue cones, green cones, and red cones

Inner segment
Contains the nucleus and other common organelles of a cell

Outer segment
Specialized region in which photo reception takes place

Light falling on the retina causes chemical changes to pigment
molecules in the photo receptors, leading to change in the activity

of the RGC's.

Image Formation

The formation of focused images on the photoreceptors of the
retina depends on the refraction of light by the cornea and len,

75% of total light refraction occurs in the cornea.

Accommodation occurs in the lens, when an image is distant the
lens is flat and thin. For near vision the lens is round and thick.

Caused by the relaxation or contraction of the ciliary muscles in
the ciliary body involving taut zonular fibers

Constriction of the pupil contributes to the clarity of images
formed on the retina. Occurs simultaneously with accommodation

Light and Dark Adaption

LightWhen you emerge from a dark place such as a tunnel into sunshine light
adaption occurs, your visual system adjusts in seconds to the brighter

enviornment by decreasing its sensitivity

Dark

When entering a dark room such as a theater your visual system
undergoes dark adaption, sensitivity increases over many minutes.

Requires production of rhodopsin.

Structure of retina

Structures in order

Blood vessels and Optic (III) nerve

Neural layerSensory layer of the retina is a multilayer outgrowth of the brain that
processes visual data extensively before sending nerve impulses into axons

that form the optic nerve

Ganglion cell layer
Ganglion cells

Separated by two zones, the outer and inner synaptic layers

Bipolar cell layer

Amacrine cells
Horizontal cellsThese cells form laterally directed neural circuits that modify the

signals being transmitted along the pathway from photoreceptors
to bipolar cells to ganglion cells

Photoreceptor cell
layer

Cones

Red cones
Sensitive to red light

Green cones
Sensitive to green light

Blue cones
Sensitive to blue light

Brighter light, produce color vision, retina contains about 6 million cones,
color vision results from the stimulation of various combinations on the

three types of cones

Rods
120 million rods are in a retina, rods do not provide color vision, in

dim light we only see black and white and all shades of gray

Pigmented Layer
Sheet of melanin-containing epithelial cells located between the choroid and the neural part of the retina

Nerve impulses propagate along optic nerve axons toward optic
disc

Third and inner layer of the eyeball, lines the posterior three-
quarters of the eyeball and is the beginning of the visual pathway

Path of light
Light travels through the cornea, aqueous humor in anterior cavity,

pupil within the iris, lens, vitreous humor in posterior cavity, retina

Taste

Sense of taste Gustation
Sour

Sweet

Bitter

Salty

Umami

Taste Buds

Basal Cells

Stem cells found at the periphery of the taste bud near
the connective tissue layer, produce supporting cells,
which then develop into gustatory receptor cells.

Gustatory microvilli

Project from each gustatory receptor cell to
the external surface through the taste pore,
an opening in the taste bud

Supporting cells surround about 50 gustatory receptor cells

Sensations of taste are located in the taste buds. They are
found on the tongue, soft plate, pharynx, and epiglottis.
Number of taste buds decline with age

Anatomy of the
tongue

Epiglottis

Palentine tonsil

Lingual tonsil

Vallate papilla

Inverted V-shaped row at the back of the tongue, each houses
100-300 taste buds

Filiform papilla
Contain tactile receptors but no taste buds

Fungiform papillae

Mushroom shaped elevations scattered over the entire surface of
the tongue that contain about five taste buds

Gustatory pathway

Facial (VII), Serves taste buds in the anterior two-thirds of the
tongue, Glossopharyngeal (IX), serves taste buds in the posterior
one-third of the tongue, Vagus (X), serves taste buds in the throat
and epiglottis

Gustatory nucleus

Limbic system
Hypothalamus and Thalamus

Primary gustatory area

Hearing

Equilibrium

Crista ampullaris

In the ear, the structure at the base of the
semicircular canal that contains the hair cells and
cupula for transduction of rotational movement of the
head

Macula

Enlargement of the semicircular canal at
which transduction of equilibrium stimuli
takes place within the ampulla

Specialized for sensing linear acceleration,
such as when gravity acts on the tilting
head, or if the head starts moving in a
straight line

Utricle and saccule are both largely
composed of macula tissue

Inner ear is responsible for encoding information about
equilibrium, the sense of balance.

Anatomy of the ear Tympanic Cavity (middle ear)

Round Window

Oval Window
Ossicles

Malleus

Incus

Stapes

Eustachian Tube

Internal Ear

Bony labyrinth

Vestibule Oval central portion, membranous labyrinth in
the vestibule consists of two sacs called the
utricle and saccule

Cochlea

Resembles a snail shell, divided into three
channels, cochlear duct, scala vestibuli and
scala tympani

The bony labyrinth is lined with periosteum and contains
perilymph, a fluid chemically similar to cerebrospinal fluid

Semicircular canal
Anterior, posterior, and lateral

Membranous labyrinth
Houses the receptors for hearing and equilibrium

External Ear

Pinna
Flap of elastic cartilage

Tympanic Membrane
Eardrum, semitransparent partition between the
external auditory canal, and middle ear

External Auditory Canal
Lies in the temporal bone and leads to
the tympanum (eardrum)

Auditory pathway

Hair cells of the spiral organ generates action potentials in the
first-order auditory neurons that innervate the hair cells

From hair cells of the cochlea, auditory
information is conveyed along the
cochlear branch of the vestibulochlear
(VIII)nerve and then to the brain stem,
thalamus, and cerebral cortex

Olfaction
Sense of smell

Gives information about the food we eat, presence of
individuals in the room, or potential danger

Anatomy of the noseOlfactory Epithelium

Lamina propria

Housed within collagen fibers and
ground substance

Olfactory glands (Bowmans glands), and
many blood vessels and nerves

areolar connective tissue
Internal to olfactory epithelium

Composed of three cell types

Olfactory receptor cells

Detect odors
Regenerated every 40 to
60 days by basal cells

Decreases with age

Bipolar neurons

Serve as primary neuron in the
sensory pathway for smell

Has both a single dendrite
and an unmyelinated axon

Basal cells
Neural stem cells to replace

olfactory receptor cells

Supporting cells
Sustains the olfactory

receptor cells

Lines the superior
region of the nasal
cavity

Covers both the inferior surface of the
cribiform plate and superior nasal

conchae of ethmoid bone

The Muscular System (G)

Physiology of Contraction (G4)

Excitation-Contraction
Coupling (G4.5)

Electrical Signaling at
NMJ (G4.3)

action potential in axon opens calcium channels on terminal

influx of calcium triggers exocytosis of acetylcholine

acetylcholine crosses synaptic cleft

acetylcholine binds to chemically gated sodium channels and
opens them

acetylcholinesterase breaks down acetylcholine for recycling

Excitation (G4.4)
influx of sodium depolarizes motor end plate

adjacent voltage gated sodium channels open

additional sodium crosses sarcolemma

Excitation-contraction
Coupling and Power

Stroke (G4.4)

calcium released into sarcoplasm binds to troponin

troponin changes shape, moving tropomyosin

tropomyosin exposes active sites on actin

myosin binds to actin forming cross-bridge

ADP and Pi are released, myosin head bends

bending of myosin pulls actin toward M-line, called the power
stroke

ATP binds to myosin, causing it to release actin

Hydrolysis of ATP places myosin back in its ready position to
repeat power stroke

Action Potential (G4.4)

voltage gated sodium channels allow sodium influx which open
more voltage gated sodium channels further down the membrane

slower voltage-gated potassium channels also open, releasing
potassium

release of potassium causes repolarization

sodium potassium pumps quickly restore sodium and potassium
gradients

action potential occurs as a wave of depolarization and
repolarization down sarcolemma

action potential travels through t-tubules and triggers voltage
gated calcium channels on sarcoplasmic reticulum to release
caclium into sarcoplasm

Sliding Filament Theory (G4.1)

many myosin heads pull on actin in ratcheting motions to draw
actin toward the M-line

as all the actin in the sarcomere is pulled toward the M line, the
sarcomere shortens

From Sarcomere to Muscle
Contraction (G4.2)

as all sarcomeres are simultaneously shortened, the myofibril
shortens

as all of the myofibrils shorten, the muscle fiber shortens

shortening of enough motor units triggers muscle contraction

Anatomy of Muscle
Organs, Tissues, and

Cells (G3)

Connective Tissues Associated with Muscle (G3.2)

Epimysium surrounds each muscle (dense irregular connective tissue)

Perimysium surrounds fascicle (dense irregular connetive tissue)

Endomysium surrounds and insulates each muscle fiber (areolar
connective tissue)

Tendon - union of connective tissues where muscle is anchored to bone

Fascia surrounds muscle or
muscle groups

Deep fascia binds muscles together (dense irregular connective tissue)

Superficial fascia between skin and muscles (areolar connective
tissue, adipose)

Fast, Slow, and
Intermediate Muscle

Fibers (G3.7)

Slow oxidative
slow speed of contraction

aerobic

high myoglobin content

low glycogen stores

many mitochondria

red color

used in endurance activities

Fast glycolytic

anaerobic

fast speed of contraction

low myoglobin content

rapid rate of fatigue

pale color

few mitochondria

hypertrophic with intense use

high glycogen content

used in intense, short-term activities

Fast oxidative (intermediate) fast speed of contraction

anaerobic and aerobic

many mitochondria

medium rate of fatigue

intermediate glycogen content

pink color

high myoglobin content

used in sprinting and walking

Gross Anatomy of a Muscle (G3.1) Organ Level: Muscle (ex. rectus femoris)

Tissue Level: Fascicle - a bundle of muscle fibers

Cellular level: Muscle fibers (cells)

Some groups of muscles work together to form the same action
(ex. quadriceps group)

Muscle Fiber (Cell) Structures (G3.3)

Muscle fibers contain sarcoplasmic
reticulum

is specialized endoplasmic reticulum

stores calcium ions

Muscle fibers contain myofibrils (G3.4-G3.5)

Sarcomeres contain
myofilaments (G3.5)

myosin

contain heads that can do power stroke

make up thick filaments

anchored in center of sarcomere by M line

actin

make up thin filaments

contains myosin-binding sites

attached to titin filaments at Z discs at
ends of sarcomere

regulatory proteins
troponin - holds tropomyosin in place
but changes conformation in
presence of calcium ions

tropomyosin - covers actin
binding sites

Myofibrils contain sarcomeres

Sarcomeres contain
structural proteins (G3.5)

titin (in elastic filaments)

dystrophin - connects thin filaments to sarcolemma

m-line

nebulin, myomesin, C-proteins, and desmins help
join and strengthen sarcomere structure

Sarcomeres contain
bands and zones

A band (thick filaments of myosin)

I bands (thin filaments of actin)

H Zone (space between thin filaments)

Muscle fibers contain
transverse (T) tubules

Muscle fibers contain many mitochondria

Muscle fibers are multinucleate cells that
extend the length of the muscle

Muscle fiber is synctium of fused myoblasts

The Anatomy of the
Neuromuscular Junction

(G3.6)

The axon terminal is separated from the muscle fiber by the
synaptic clet

the surface of the muscle fiber at the NMJ is called the motor end
plate

Axon terminals at end of one motor neuron are associated with
specific motor units (one motor neuron and the muscle fibers it
extends to)

the motor end plate is folded to increase surface area

the surface of the motor end plate contains receptors for
acetylcholine

Types of Muscle Tissue (G2)

Skeletal Muscle

Characteristics and Function (G.2.3) powerful, adaptable, but easily fatigued

voluntary movement

Appearance (G.2.1)

long parallel cells extending length of muscle

multinucleated

striated

Locations (G.2.2) some insert to skin (ex. facial muscles)

attached to skeleton

Cardiac Muscle

Characteristics (G.2.3) will contract without direct stimulation
from nervous system

contains auto rhythmic nodal cells

involuntary

Appearance (G.2.1)

noticable intercalated discs between cells

striated

uninucleate or binucleate

branching cells

Locations (G.2.2)
found exclusively in heart walls

Smooth Muscle

Appearance (G.2.1)
elongated cells

not striated

unicellular

Characteristics (G.2.3)

smooth, slow, rhythmic contractions

involuntary

Locations (G.2.2)
forms sphincters and valves for control of materials
through body

found in walls of hollow organs and tubes

Functions of the Muscular System (G1) Protect underlying organs (ex.
abdominal muscles)

Regulate Movement
of Materials

sphincters

peristalsis

pump blood

Maintain posture and position

Generate body heat

Movement move skeleton

move skin (facial muscles)

Major Muscles of the
Human Body (G8, G9)

Armbiceps brachii
action - flex and supinate forearm

origin - scapula and humerus

insertion - radial tuberosity of radius

triceps brachii
action - forearm extension

origin - scapula and humerus

insertion - olecranon of ulna

deltoid
action - arm abduction

insertion - humerus

origin - clavicle, acromion and
spine of scapula

Leg

gluteus maximus
origin - ilium, sacrum, coccyx

insertion - femur

action - thigh extension

quadriceps group

origin - ilium and femur

insertion - patella and tibia

action - leg extension, hipflexion

made up ofvastus lateralus

rectus femoris

vastus medialis

vastus intermedius

gluteus medius
origin - ilium

insertion - femur

action - adduct and medially rotate thigh

gastrocnemius
action - plantar flexion

origin - condyles of femur

insertion - calcaneus

hamstring group

made up of
biceps femoris

semimembranosus

semitendinosus

origin - ischial tuberosity of ischium

insertion - fibula and tibia

action - extend thigh, flex leg, rotate leg

soleus
action- plantar flexion

origin - tibia and fibula

insertion - calcaneus

tibialis anterior
action - dorsiflexion

origin - tibia

insertion - cuneiform and metatarsal 1

adductor group (magnus,
longus, brevis)

action - adduct, flex, medially rotate thigh

origin - pubis and ischium

insertion - femur

gracilis
action - adduct thigh, flex and medially rotate leg

origin - pubis and ishium

insertion - tibia

sartorius
action - flex, adduct, laterally rotate thigh

origin - iliac spine

insertion - tibia

Abdomen

rectus abdominus
origin - pubic crest

Insertion - xiphoid process and costal cartilage

action - flex and rotate spine

external oblique
origin - ribs

insertion - linea alba and pubis

action - flex spine, compress abdomen

internal oblique
action - flex spine, compress abdomen

origin - lumbar fascia, iliac crest

insertion - linea alba, pubic crest, ribs

transversus abdominus
action - compress abdomen

origin - inguinal ligament, lumbar fascia ribs, iliac crest

insertion - linea alba, pubic crest

Chest

pectoralis major
action - adduct and rotate arm

origin - clavicle, sternum, costal cartilage

insertion - humerus

intercostals (internal and external)

origin - rib

insertion - adjacent rib

compress rib cage

serratus anterior/ventralis

origin - ribs

insertion - scapula

action - rotate scapula

Back

rhomboids (major and
minor)

action - stabilize scapula

origin - spinous processes of vertebrae

insertion - medial scapula

erector spinae
(group)

action - extend and laterally flex spine

origin - vertebrae and iliac crest

insertion - ribs and transverse processes
of vertebrae

trapezius
action - elevate and rotate scapula

origin - vertebrae and occipital bone

insertion - acromion, spine of scapula, clavicle

teres major

origin - scapula

insertion - humerus

action - extend, rotate, adduct arm

infraspinatus

origin - scapula

insertion - humerus

lateral rotation of the arm

latissimus dorsi
action - arm extension, adduction, rotation

insertion - humerus

origin - lumbodorsal fascia and vertebrae

supraspinatus
origin - scapula

insertion - humerus

action - abduct arm

Head and Neck

orbicularis oculi
origin - frontal and maxillary bones

insertion - eyelid

action - close eye

orbicularis oris
origin - maxila and mandible

insertion - skin and muscles around mouth

action - close lips

masseter
origin - zygomatic arch

insertion - mandible

action - close jaw

temporalis
origin - temporal bone

insertion - coronoid process po mandible

action - close jaw

sternocleidomastoid
action - flex and rotate head

origin - manubrium and clavicle

insertion - mastoid process and occipital bone

splenius

action - extend or hyperextend head

origin - spinus processes of C7-T6 vertebrae

insertion - mastoid process, occipital
bone, C2-C7 vertebrae

digastric
origin - mandible and mastoid process

insertion - hyoid

action - open mouth

Whole Muscle Contraction (G6)

Motor Units (G6.3)

one motor neuron and the muscle fibers it stimulates

one muscle may have few or many motor units

recruitment - increasing the strength of contraction by recruiting more motor units in a
muscle

motor units are recruited from small to large as greater contractile force is needed

motor units range from a few muscle fibers per neuron to several hundred muscle fibers per
neuron

muscles requiring fine motor control have smaller motor units for increased dexterity

Tension and
Contraction (G6.2,

G6.5)

Tension
force a muscle exerts against a load (opposing force)

Contraction Types
(G6.5, G6.6)

Isotonic Contraction

Concentric muscle shortens - tension exceeds load

example - curling a dumbell involves a concentric contraction of
the biceps brachii

Eccentric

muscle extends - load exceeds tension

example - slowly lowering dumbell involves an eccentric
contraction of biceps brachii

Isometric Contraction

muscle tension exerted against an immovable load; muscle does
not change length

example - trying to push against a wall or lift a car

Myogram (G6.1,
G6.4)

graph showing muscle tension over time

muscle length is held constant

combining twitches

summation - if frequency of stimulation causes twitches to start
before relaxation is complete, twitches have cumulative effect

tetany - summation at high enough frequency produces sustained
contraction

electrical stimuli
produce twitch
responses

latent period - excitation contraction occuring

contraction - cross bridges develop,
tension increases

relaxation - cross bridges reduced, calcium
pumped back into SR

total time for one twitch can range from a few
milliseconds to a few hundred milliseconds

Muscle Metabolism (G5)

Metabolic Differences
of Muscle Tissues
(G5.5)

Skeletal

no gap junctions

triggered by individual neuromuscular junctions

use stored calcium ions in sarcoplasmic reticulum to trigger
contraction

do not have pacemaker cells; contract voluntarily via nervous
system stimulation

regulate calcium via troponin and tropomyosin regulatory proteins

contract fast or slow, but do not contract rhythmically

are able to function aerobically and anaerobically

Cardiac

contract slowly

contain autorhythmic nodal cells; contract involuntarily

no neuromuscular junctions

use calcium from sarcoplasmic reticulu and extracellular fluid

regulate calcium via troponin and tropomyosin

function aerobically

cells connected by gap junctions to synchronize contraction

Smooth

regulate calcium via calmodulin

gap junctions only in unitary muscle

contraction regulated by involuntary autonomic innervation and
pacemaker cells in unitary muscle

utilize calcium from sarcoplasmic reticulum and extracellular fluid

contract very slowly

function aerobically

Fatigue and Recovery
(G5.3-G5.4)

can be reduced by

training to increase muscle myoglobin and glycogen stores

increased cardiovascular efficiency via cardio exercise

caused by combination of factors

ionic imbalances such as excessive loss of potassium to
ECF and failure to pump calcium back into sarcoplasmic
reticulum

increased levels of Pi from using ATP can block calcium
release from sarcoplasmic reticulum

decreased glycogen levels

decreased oxygen resulting in anaerobic respiration and
lactic acid buildup

Decreased ATP causes increased magnesium ion
concentration which interferes with calcium release

Sources of Energy and
ATP Usage (G5.1, G5.2)

aerobic cellular respiration
can provide hours of energy

requires continuous supply of oxygen

provides 32 ATP per glucose

waste products are carbon dioxide and water

uses glucose or other organic molecules that
can feed into cellular respiration pathway

anaerobic glycolysis

breaks down glucose into lactic acid

no oxygen required

provides 2 ATP per glucose

energy lasts 15-30 seconds

lactic acid buildup causes "burning"
sensation in muscles

direct phosphorylation
of ADP via creatine

phosphate

provides energy for about 15 seconds

no oxygen required

1 creatine phosphate molecule can
phosphorylate 1 ADP into 1 ATP

ATP available in cell - used within a few seconds

Homeostatic Mechanisms
(G11, G12)

Musclular System
Interactions with

Other Systems
(G11.2)

Nervous system activates muscles

Muscle growth is regulated by endocrine hormones

Cardiovascular system is dependent on cardiac muscle which
delivers blood carrying oxygen and nutrients to the cells of the
body

Muscular activity improves lymphatic circulation and immune
system functions

Muscular exercise improves respiratory efficiency and health;
respiratory system provides oxygen for muscle activity

Digestive system provides nutrients to muscles, smooth muscle
propels food through the digestive tract, sphincters control
movement of materials through digestive tract

Urinary system excretes metabolic wastes from muscles; smooth
and skeletal muscles are involved in controlling micturition

Muscular contractions assist in reproductive functions including
sex and childbirth; testosterone stimulates muscle growth and
hypertrophy

Muscular system protected by integument and
muscular exercise improves integumentary health

Muscular system depends on skeletal system for
attachment points and leverage for movement; muscular
exercise helps enhance bone remodeling

Muscular System
Homeostasis and Responses
to Homeostatic Imbalances
(G11, G12)

Muscle tissue can be slightly damaged (microtears) that trigger
hypertrophy (increased myofibril production) to increase muscle

strength

Diseases affecting
muscle physiology

fibromyalgia - chronic muscle inflammation

hernia - organs protruding through muscle wall

myalgia - muscle pain from any disorder

strain - excessive stretch of a muscle resulting in pain and
inflammation

spasm/cramp - involuntary twitch or contraction often caused by
electrolyte imbalances

tetanus - long-term involuntary contraction of a muscle,
sometimes triggered by  infectionClostridium tetani

Muscle fatigue occurs when fuel molecules, ion concentrations or
quantities, or lactic acid buildup take muscle tissue out of

homeostasis

Lever Systems of
the Body (G10)

lever involves fulcrum (pivot point)
if effort closer to fulcrum than load, load is moved further

and faster than effort force

if effort force is further from fulcrum than load, load is moved a smaller
distance, but greater force is applied to it

levers provide mechanical advantageincrease ability to move a heavier load

move load further and faster

classification of levers
second-class - load is between fulcrum and effort force

first-class - fulcrum is between load and effort forces

third-class - effort force is between load and fulcrum

Naming Muscles (G7)

by location of attachments

origins are included first

example - sternocleidomastoid refers to origins
sternum and clavicle and insertion mastoid process

by sizeexample - maximus means largest; minimus
means smallest

example - brevis means short; longus means long

by locationexample - temporalis over temporal bone

example brachia in arm

by shapeexample - deltoid means triangle

example trapezius refers to trapezoid

by actionexample - flexor, elevator, adductor, extensor

example - adductor longus is a long thigh
muscle used in adduction

by number of
origins

example - biceps (2), triceps (3), and quadriceps
(4) indicate number of "heads" of muscle

attached at different origins

by fiber direction

example - rectus means fibers are
parallel to axis of body or limb

example - transversus indicates fibers are
perpendicular to axis of body or limb

example - oblique means fibers run
obliquely to axis of body or limb

Homeostasis (B)
Feedback loop

A stimulus

The detection of the
stimulus by a receptor

Input information relayed to the control
center (if a separate structure)

Integration of the input by the control center
and initiation of a change through effectors

Return of homeostasis by
the actions of effectors

Positive Feedback

Stimulus reinforced to continue in
the same direction until a climactic
event occurs

Following climactic event, the body
returns to homeostasis.

Examples of positive feedback in
disease or body system failure

cancer

heart disease

AIDS

diabetes mellitus

aging

Examples of positive feedback in
normal physiology

labor

orgasm

blood clotting

Example: Breast Feeding

Baby suckles at the breast

Sensory receptors in the skin of the breast
detect the suckling; send impulses to
hypothalamus

Hypothalamus signals posterior pituitary to
release oxytocin

Oxytocin is release and breast is
stimulated to eject breast milk

Breast milk is released and baby feeds and
continues suckling

Continues to encourage release of hormones that
stimulate the breast until baby stops suckling

Since positive feedback moves body away from
set point, it may be for a purpose (clotting) that
is beneficial, or it may lead to disease or death

(diabetes).

Negative Feedback

Set point

Variable fluctuates

If stimulus increases, the homeostatic system is activated to
cause a decrease; if the stimulus decreases, the homeostatic
system causes an increase in the stimulus until it returns to
normal.

Example:
Temperature
regulation

Cold environment lowers
body temperature to below

normal

Sensory receptors in skin detect cold

Hypothalamus of brain compares sensory input regarding
temperature decrease to normal set point of 37 degrees celceus

Blood vessels in skin constrict: sweat gland become inactive;
skeletal muscles shiver to generate heat

Body temperature returns to normal

Opposite direction of the
stimulus

Maintains variable within
a normal level

Controls most body processes

Most endocrine functions operate via negative feedback

Components of
Homeostatic Systems

Effector

Structure that brings
about a change to
alter the stimulus Most body structures serves as effectors

Example: Smooth muscle in the walls of air passageways
(bronchioles) regulate airflow into and out of the lungs

Example: Glands, such as the pancreas, release hormones (e.g.,
insulin)

Receptors
Detects changes in a variable, which is a
substance or process that is regulated

Control Center

Interprets input from
the receptor

Initiates changes through the effector

Endocrine Organ

Example: Thyroid gland

Slower to respond

Provides a means of sustained response over several
hours or days through release of hormones

Example: Parathyroid hormone continuously regulates blood
calcium levels for normal function of muscles and nerves

Sometimes the same as the receptor

Detects the stimulus and causes a
response to regulate Example: Pancreas acts as a receptor because it

detects an increase in blood glucose and also
acts as a control center because it releases the
hormone insulin in response

Nervous System Brain or spinal cord Quick to respond
Example: Touching a hot stove

Stimulus

A change in the
variable (physical or
chemical)

Consists of sensory neurons (nerve cells)

Skin, internal organs of the body, or specialized organs such as
the eye, ear, tongue, or nose

Example: Change in light, temperature, chemicals (e.g., glucose
or oxygen levels), or stretch in muscle

The Skeletal System and
Articulations (F)

Joint Classification

Structural classifications

Synovial

ends of bones covered with hyaline cartilage, bones separated by
capsule containing synovial fluid

example - most joints of appendicular skeleton including knee,
elbow, etc.

Cartilaginous

synchondrosis
example - costal cartilage; epiphyseal plates

symphysis
example - pubic symphysis; intervertebral discs

bones joined by cartilage

Fibrous

suture
example - fibers connecting flat bones of skull

syndesmosis
example - interosseous membrane between bones; ligaments

gomphosis
example - periodontal ligament holding teeth in mandible

composed of dense regular connective tissue between bones

Functional classifications

amphiarthrosis slightly movable joint

may be fibrous or cartilaginous

diarthrosis

freely movable joint types of freely moving joints

multiaxial movement

ball-and-socket joint
ex: shoulder and hip joints

biaxial movement

condylar joint
ex: knuckle and wrist joints

saddle joint
ex: carpometacarpal joint of thumb

uniaxial movements

hinge joint
ex: elbow and interphalangeal joints

pivot joint
ex: atlantoaxial joint

nonaxial movement plane joint
ex: intertarsal and intercarpal joints

always synovial
synarthrosisimmovable joint

may be fibrous or cartilaginous

Types of movements at joints

rotational movements

pronation
rotating forearm so palm is facing

posteriorly

supination
rotating forearm so palm is facing

anteriorly

bone pivots around longitudinal axis

medial rotation

rotating body part toward midline

example: rotating head from looking to
the side to looking forward

lateral rotation

rotating body part away from midline

example: turning head to side

angular movements

flexion

angle of joint decreases in anterior-
posterior plane

example: bending elbow

extensionangle of joint increases in anterior-
posterior plane

example: straightening elbow

hyperextensionextending joint past anatomical position

example: extending next to look up
lateral flexion

lateral bend in vertebral colum

abduction

movement of body part away from mid-line in lateral
direction

example: raising arm laterally

adduction

movement of body part toward midline in
lateral plane

example: lowering arm laterally to side of body

circumduction

continuous movement that includes flexion,
extension, abduction, and adduction to move distal

end of appendage in a circle

example: making a circular motion with the hand
to wax a car

gliding movements
two bones slide past each other in

any direction

example: bones of wrist in wrist flexion

special movements

depression moving a body part down or inferiorly

example:lowering the jaw to open mouth

elevation moving a body part up or superiorly

example: raising the jaw to close mouth

dorsiflexion
ankle movement that raises toes

plantar flexion
ankle movement that points toes

eversion
twisting the foot to expose the sole laterally

inversion
twisting the foot to expose the sole medially

protraction

moving a body part anteriorly from anatomical position

example: thrusting jaw forward

retraction

moving body part posteriorly from anatomical psitioni

example: drawing jaw back from protracted position

opposition
bringing thumb to fingers for grasping

Bone Formation

Intramembranous Ossification (Flat Bones)

Mesenchymal cells become osteoblasts that secrete osteoid at
the occificatoin center within the thin layer of mesenchyme

Calcium enters the occification site and the osteoid is calcified
into the bone matrix. The osteoblasts get trapped in the matrix

and are referred to as osteocytes.

Woven bone made up of spongy bone and blood vessels is
formed. The surrounding mesenchyme thickens to create the

periosteum.

Woven bone becomes Lamellar as compact bone forms laterally
towards the periosteum and spongy bone forms medially.

Endochondrial Ossification
(Long Bones) - (F 6.1)

Starts in Hyaline Cartilage; Chondrocytes that secrete cartilage
matrix get trapped in the lacunae and the perichondrium is

calcified which creates a bone collar.

Blood weasel and osteoblasts are sent from the periosteum
bone collar to the core of the shaft. They fill the vacated areas

left behind by the chondrocytes, and it becomes the first
ossification center. In the diaphysis.

Later the second and third occification centers are formed in the
epiphyses by the same process. Osteoclasts create the hollow

medullary cavity.

Cartilage besides the articulate cartilage and epiphyseal plate is
replaced with bone. Growth plates finally occification and

becomes the epiphyseal line.

Bone
Remodeling

Purpose: Regulate
blood-calcium level and
thicken bone

accomplished by osteoblasts and ostepoclasts

helps maintain blood calcium levels

about 20% of bone material is replaced yearly by remodeling

Causes: Hormones and
Mechanical Stress

parathyroid hormone increases osteoclast
activity to trigger bone resporption and

increase blood calcium levels
calcitonin promotes osteoblast

activity and acts as an antagonist
to parathyroid hormone

Bone Growth

Interstitial

Increases length of long bones until epiphyseal plate closes

Five Zones of Epiphyseal Plate

Ossification; Cappilaries nad osteoprogenitor cells are present;
New Bone Matrix is created

Calcified Cartilage; Multiople layers of dying chondrocytes and
minerals

Hypertrophic Cartilage; Chondrocytes enlarge and resorb matrix

Proliferating Cartilage; Chondrocytes undergo mitosis and enlarge

Resting Cartilage; Small chondrocytes; connects to epiphysis

Appositional

Osteoblasts in the periosteum
produce more bone matrix.

Osteoclasts resorb old bone
matrix in the medullary cavity.

Bones get thicker but not heavier.

Appendicular Skeleton

Pectoral Girdle Scapula

Clavicle

Upper Limbs

Humerus

Radius

Ulna

Carpal
hamate

capitate

psiform

triquetrum

lunate

trapezium

trapezoid

scaphoid

Metacarpal

Phalanx

Pelvic Girdle

Os Coxa
ilium

pubis

ishium

Lower Limbs

Femur

Tibia

Fibula

Patella

Tarsal
talus

calcaneus

navicular

cuboid

lateral cuneiform

intermediate cuneiform

medial cuneiform

Metatarsal

Phalanx

Bone Related
Hormones (F 11.2, F
12. 3)

Growth, stimulates growth of epiphyseal plate

Thyroid; Increases metabolism in bone cells

Sex; M/F skeletal differences; difference in rate of bone
formation and cartilage growth

Serotonin/Cortisol; Raises blood-calcium

Parathyroid; Raises blood-calcium

Calcitonin; Lowers blood-calcoioum

Bone Fracture and
Repair (F 10.1)

Healing ProcessFracture Hematoma; blood is clotted

Fibrocartilage formed from reorganized hematoma;
Dense, regular, connective tissue. (3 weeks)

Fibrocartilage is replaced with spongy
bone (over several months)

Compact bone replaces spongy bone

Types of Fractures Compound; sticks out of skin; Muscle and Nerve Damage;

Simple: Bone breaks but does not pierce through skin

Spiral; Results from twisting stress

Pathological; Caused by one wearing diseases

Greenstick; bone is partially broken on one side

Hairline; thin crack where bone is still aligned

Axial Skeleton Skull

Facial Bones
Maxilla

Palatine

Zygomatic

Lacrimal

Nasal

Vomer

Inferior Nasal Concha

Mandible

Cranial Bones
Frontal

Parietal

Occipital

Temporal

Sphenoid

Ethmoid

Middle Ear Bones
Malleus

Incus

Stapes

Vertebral Column
Cervical Vertebra

Thoracic Vertebra

Lumbar Vertebra

Sacrum

Coccyx

Hyoid

Thoracic Cage

Sternum
manubrium

body

xyphoid

Ribs

The Integumentary
System (E)

Specific Tissue Layers (E3)

(E 3.1) Epidermis

(E3.1b) Cell Types

Stem Cells of Stratum Basale
kertinocyte stem cells divide to generate new cells that

replace dead keratinocytes shed from surface

Keratinocytessynthesized from keratin which is a protein that
strengthens epidermis

makes epidermis almost waterproof

Melanocytes
produce and store pigment melanin in response to

ultraviolet light exposure

Langerhans Cells

AKA epidermal dendritic cells

immune cells that fight off infection in epidermis

Merkel Cells

when compressed, release chemicals that stimulate
sensory nerve endings, providing information about

objects touching the skin

discs

keratin

extracellular lipids

(E3.1a) Functions of
Epidermis

protection

metabolic regulation

immunity

secretion and absorption

(E3.2) Dermis

(E3.2a) Functions

sensory reception

sensory receptors detect and relay pain, heat,
cold, touch, pressure, vibration

temperature
regulation

dilating blood vessels release heat

constricting vessels conserve heat

sweat glands release fluid onto skin surface, body
cools off by evaporation of sweat

secretion and absorption
sweat glands secrete sodium, water, and urea onto epidermal

surface, maintains electrolyte homeostasis

sebaceous glands secrete sebum, lubricates skin and hair, also
helps make integument water resistant

(E3.3) Subcutaneous Layer

(E3.3b) Advantage/
Disadvantage of Areolar
Connective Tissue

Advantages
connects layers for stability

Disadvantages

not as strong as most
other connective tissues

(E3.3c) Thermoregulatory Role

adipose tissue surrounds and insulates, causing thermal
regulation

regulation of temperature by evaporation of fluid from skin

(E3.3a) Functionspads and protects the body

acts as energy reservoir

provides thermal insulation

extensive vascular network promotes
rapid absorption so drugs are often

injected into this layer

(E3.4) Multilayer Benefits
protection

insulation

immune function

(E 4) Anatomy and
Roles of Accessory
Structures

Glands, Hair and Nails (E4.1)

sweat glands

eccrine

(E 4.1 a) Structure: numerous. coiled

(E 4.1 b) Location: widely distributed, secretory portion located in
reticular layer of dermis

(E4.1c) Anatomy: simple, coiled tubular glands

(E4.1d) Function: major function is thermoregulation; provides a
means for loss of water and electrolytes; prevents growth of

microorganisms; protection by diluting harmful chemicals

apocrine

(E4.1a) Structure: coiled, tubular

(E4.1b) Location: secretory portion located in reticular layer of
dermis

(E4.1c) Anatomy: coiled, tubular glands

(E4.1d) Function: secretion is viscous and produces distinct,
noticeable odor

nails

(E4.1b) Location: on dorsal edges of fingers and toes

(E 4.1 c) Anatomy: white free edge, pink nail body, nail root

(E4.1a) Structure: scalelike modifications of stratum corneum
layer

(E4.1d) Function: protect distal tips, prevent damage or extensive
distortion, grasping objects

hair

(E4.1b) Location: almost everywhere on body except palms,
sides/soles of feet/toes, lips, and portions of external genitalia

(E4.1c) Anatomy: cuticle, medulla, cortex, hair follicle, matrix, hair
papilla, connective tissue root sheath, epithelial tissue root sheath

(E 4.1 a) Structure: shape of slender filament

(E4.1d) Function: protection, facial expression, heat retention,
sensory reception, visual identification, chemical signal dispertion

sensory receptors

sebaceous glands
(E4.1b) Location: open onto hair follicles

(E4.1c) Anatomy: infundibulum-responsible for discharging sebum

(E4.1a) Structure: oval in shape

(E4.1d) Function: produce lubricant to keep skin and hair from
becoming dry, brittle, and cracked; have bacteria-killing properties

(E4.2) Hair Growth Cycle

Catagen Phase
brief regression period

lasts about 3-4 weeks

division ceases and follicle
undergoes involution

Telogen Phase
resting phase

usually when hair is shed

after 3-4 months, cells of hair bulb regrow,
follicle reenters anagen phase

Anagen Phase active phase of growth

longest part of growth cycle (18 months-7 years)

each hair strand grows about one-third millimeter per day

80-95% of follicles on normal scalp are in this phase

Homeostatic
Imbalance (E6)

(E6.2) Problems from integumentary system
not maintaining homeostasis

body could overheat or lack warmth

lack of vitamin and hormone production

wouldn't react to a hot stove for example, resulting in
burned skin

(E6.1) Factors/Situations affecting
homeostasis

burns; lack of water balance, can cause dehydration; lack of
sensory reception in skin; lack of oil production for immunity

Homeostatic Mechanisms (E5)

(E5.1) Maintaining Homeostasis
Water balance

Temperature Regulation sweat glands produce "sweat" which is then evaporated to cool
off skin

influenced by vast capillary networks that dilate or constrict to
regulate temperature

Synthesis of vitamins and hormones; synthesis of melanin and
carotene to produce skin color; vitamin D deficiency can cause
bone abnormality in children

acidic secretions of skin slow growth of fungi on skin

(E5.2) Relation to other
systems to maintain

homeostasis

nervous system
sensory receptors cause signals to be sent to brain to cause an
effect in order to prevent consequences

immune system

skin acts as barrier

secretes oils that act as mucus to "slide" off of skin

Gross and microscopic anatomy of skin (E2)

(E2.2 Dermis)

Layers

Reticular Layer

consists primarily of dense irregular connective tissue

collagen fibers project in all
directions from dense irregular

connective tissue that makes
up layer

function of fibers is to resist stress

fibers are interwoven and surround
structures in dermis such as hair
follicles, sebaceous glands and sweat
glands, nerves, and blood vessels

deeper layer

Papillary Layer
superficial region of dermis

dermal papillae (projections of dermis) contain papillaries that
supply nutrients to cells of epidermis

dermal papillae contain sensory nerve endings that serve as
tactile receptors (monitor touch on surface of epidermis)

composed of areolar connective tissue

(E2.3) Subcutaneous Tissue

consists of both areolar connective tissue and adipose connective
tissue

connective tissue fibers of reticular layer of dermis and those of
subcutaneous layer are interwoven to position skin and bind to
underlying structures

(E2.4) Skin color

(E2.4a) Three Pigments

Carotene may improve immune cell number and activity

yellow-orange pigment acquired from various yellow-
orange vegetables (carrots, corn, squashes)

converted into vitamin A in body which plays
important role in vision

(E 2.4 b) accumulates inside keratinocytes of
stratum corneum and in subcutaneous fat

Melanin

occurs in variety of black, brown, tan, and yellow-brown shades

(E 2.4 b) melanin transferred in melanosomes from melanocytes
to keratinocytes in stratum basale, bc keratinocytes are displayed
are displaced toward the stratum corneum, melanocyte acitivity
affects color of entire epidermis (depends on individuals and
races)

pigment produced and stored in melanocytes

amount determined by heredity and light exposure

Hemoglobin exhibits bright red color upon binding oxygen, giving blood
vessels in dermis a reddish tint that is seen in lightly pigmented
individuals

more red if superficial layers' blood vessels vasodilate

oxygen-binding protein present in red blood cells

(E2.1) Epidermis

(E2.1b) Layers

stratum corneum

contain 20-30 layers of dead, scaly, interlocking keratinized cells;
anucleate and tightly packed together

most superficial

stratum you see when you look at your skin

secretions from exocrine glands help prevent the growth of
microorganisms on epidermis, supporting its barrier function

stratum lucidum (AKA clear layer)

2-3 layers that are superficial to stratum granulosum

contain dead cells

keratinocytes in this layer are flattened and filled with translucent
protein- eleidin; this layer protects skin from UV light

only in thick skin within palms of hands and soles of feet

stratum granulosum

process of keratinization begins
keratinocytes fill up with protein keratin, causing cell's
nucleus and organelles to disintegrate and cell dies

composed of 3-5 layers of keratinocytes
superficial to stratum spinosum

third layer

stratum spinosum

composed of living keratinocytes

second layer

Langerhans cells (epidermal dendritic cells)
immune cells that help fight infection

contains fourth epidermal cell type: epidermal dendritic cells

stratum basale
deepest layer

composed of living keratinocytes, melanocytes, tactile cells

single layer of cuboidal to low columnar cells

(E2.1c) Thick/ Thin Skin

Thick on palms of hands, soles of feet

all five epidermal strata occur in thick skin

ranges between 0.4mm and 0.6mm thick

houses sweat glands

Thin

covers most of body

lacks a stratum lucidum

contains hair follicles, sebaceous glands, sweat glands

ranges from 0.075mm to 0.150mm thick

(E2.1d) Growth and
keratinization layers in the dermis go through mitosis and push new

cells up to surface of skin to replace dead keratinocytes
shed from surface

(E2.1a) Tissue keratinized

stratified squamous
epithelium

General Functions of the skin and the subcutaneous
layer (E1)

(E1.2) Functions of
subcutaneous layer

connective tissue fibers of reticular layer of dermis are interwoven
with fibers of subcutaneous layer to stabilize position of skin and
bind it to underlying structures

pads and protects body

acts as energy reservoir

provides thermal insulation

extensive vascular network promotes rapid absorption

(E1.1) Functions of skin

protection of internal body structures

sensory reception

detect and relay pain,
heat, cold, touch,
pressure, vibration

layers of protection against harmful chemicals, toxins, microbes,
excessive heat/cold, UV radiation

metabolic regulation

vitamin D3 and melanin are produced,
giving skin a more tanned look

secretion and
absorption

sweat glands secrete sodium, water, and urea onto surface, this
helps maintain electrolyte homeostasis

sebaceous glands secrete sebum (lubricates skin and hair) and
helps make integument water resistant

immunityepidermal dendritic cells engulf and destroy pathogens, alert
immune system to presence of pathogens, and initiate immune

response

temperature
regulation

dilating blood vessels in dermis release heat

constricting vessels conserve heat

sweat glands release fluid onto skin, body cools off by
evaporation of sweat

Body Plan and
Organization (A)

Language of
Anatomy &
Physiology

Anatomic Position
(A1)

Standing upright with feet parallel
and flat on the floor

upper limbs at the side of the body,
palms facing anteriorly

Head level, eyes facing forward

Sections & Planes (A2)
Coronal plane or

frontal plane Vertical plane that divides the body
or organ into anterior and posterior
parts

Anterior
Front

Posterior
Back

Midsagittal plane or
median plane

Divides the body into equal left
and right halves

Transverse plane

Horizontal plane or
cross-sectional plane

Divides body or organ into superior
and inferior parts

Superior
Top

Inferior
Bottom

Oblique plane
Passes through a structure at an angle

Sectionsections are named according to
the plane through which the body

was cut or imaged

cut away-view of the body

may be actually cut
or viewed using
imaging device

Sagittal plane

Divides a structure into left
and right portions that are
not equal

Abdominal Regions & Quadrants (A4)

Umbilical Region Middle region Umbilicus, or navel (belly button)
Lies in its center

Epigastric Region
Superior region above the umbilical region

Hypogastric Region
Inferior to the umbilical region

Right and left Hypochondriac Regions

Inferior to the costal cartilages and lateral to
the epigastric region

Right and left Lumbar Regions
Lateral to the umbilical region

Right and left Iliac Regions
Lateral to the hypogastric region

Also divided into four
quadrants

Left upper quadrant (LUQ

Right upper quadrant (RUQ)

Right lower quadrant (RLQ)

Left lower quadrant (LLQ)

Inferior to the costal cartilages and lateral to the epigastric region

Body Cavities and
Membranes (A3)

Cavities

ventral

thoracic

pleural - contains lungs

mediastinum

pericardial - contains heart

mediastinum contains pericardial
cavity but also thymus, trachea,
esophagus, great blood vessels

abdominopelvic

abdominal - contains most digestive organs and others

pelvic - within pelvis, contains bladder

dorsal

cranial (endocraium) - contains brain

spinal (vetebral canal) - contains spinal cord

Membranes

Serous

membranes that line cavity walls or
cover surfaces

visceral - on organ surfaces

parietal - lines body cavity walls

serous fluid reduces friction between
visceral and parietal membranes

membranes by location

peritoneum - dealing with
abdominopelvic cavity

pleura - dealing with lungs

pericardium - dealing with heart

Mucous

lines tubes through body that connect to
surface reproductive tract

digestive tract

respiratory tract

urinary tract

Integument

outermost membrane
of body

skin

Membrane Naming

Based on cavity and type of membrane

Examples

membrane on surface of lung - visceral pleura

membrane on abdominopelvic cavity wall - parietal peritneum

sac around the heart - parietal pericardium

surface membrane of spleen - visceral peritoneum

lining of stomach - mucous

outside surface of stomach - visceral peritoneum

Details of Structure &
Form (A5)

PhysiologyExamines how organs and body systems function under
normal circumstances as well as how their functioning may

be altered by medication or disease

Anatomy
Study of structure and form
of organisms.The relationships among parts of the

body as well as the structure of
individual organs

Types of Anatomical Study

Gross Anatomy
Investigates the anatomy of each

functional body system

Systemic Anatomy

Studies the anatomy of each
functional body system.

Regional Anatomy
Examines all of the structures in a particular

region of the body as a complete unit

Surface Anatomy

Focuses on both superficial anatomic
markings and the internal body

structures that relate to the skin covering
them.

Comparative Anatomy

Examines similarities and the
differences in the anatomy of different

species

Embryology
Developmental changes occurring from

conception to birth

Organ Systems
(A7)

Integumentary

Provides protection

Regulates body temperature

Site of cutaneous receptors and
some glands

Synthesizes vitamin D

Prevents water loss

Skeletal

Provides support and protection

Site of hemopoiesis
Blood cell production

Stores calcium and phosphorus

Provides sites for muscle
attachments

MuscularProduces body movement

Generates heat when muscles
contract

NervousRegulatory system that controls muscles and
some glands and responds to stimuli

Responsible for consciousness,
intelligence, and memory

Endocrine
Consists of glands and cell clusters that secrete

hormones, which regulates development,
growth and metabolism

Maintains homeostasis of blood composition
and volume

Controls digestive processes

Controls reproduction

CardiovascularConsists of the heart and blood vessels

Heart moves blood through blood vessels
in order to distribute hormones, nutrients,

gases, and pick up waste products

Lymphatic

Transports and filters
lymph

Interstitial fluid transported through
lymph vessels

Participates in an immune
response when necessary

Respiratory
Responsible for exchange
of gases

Oxygen and carbon
dioxide

Urinary
Filters blood to remove waste products

and biologically active molecules

Concentrates waste products in the form
of urine

Expels urine from the body

Digestive
Mechanically and chemically

digests food materials

Absorbs nutrients

Expels waste products from the body

Male Reproductive

Produces male sex cells
Sperm

Produces male hormones
Testosterone

Transfers sperm to the female

Female Reproductive

Produces female sex
cells

Oocytes

Produces female
hormones

Estrogen and
progesterone

Receives sperm from
male

Site of fertilization of oocyte

Site of growth and development of
embryo and fetus

Produces and secretes breast milk for
nourishment of newborn

Anatomic Directions
(A4)

Anterior

In front of: toward the
front surface

Example: The stomach is
anterior to the spinal cord

Posterior

In back of: toward the
back surface

Example: The heart is posterior to
the sternum

Dorsal

All the back side of
the human body

Example: The spinal cord is on
the dorsal side of the body

Ventral

At the belly side of the human body
Example: The umbilicus (navel, belly button)
is on the ventral side of the body

Superior Closer to the head
Example: The chest is superior to the
pelvis

Inferior Closer to the feet
Example: The stomach is inferior to the heart

Cranial (cephalic)

At the head end
Example: The shoulders are cranial to the feet

Rostral

Toward the nose or
mouth

Example: The frontal lobe of the brain is
rostral to the back of the head

Medial
Toward the midline of the

body
Example: The lungs are medial to the
shoulders

Lateral

Away from the
midline of the body

Example: The arms are lateral to the heart

Deep
On the inside, internal to another

structure
Example: The heart is deep to the
rib cage

Superficial Toward the outer surface
Example: The skin is superficial to
the biceps brachii muscle

Proximal
Closer to point of

attachment to trunk
Example: The elbow is proximal to the hand

Distal
Farther away from point of attachment to

trunk
Example: The wrist is distal to
the elbow

Regional Anatomy (A5)

Divided into two main
regions

(A.4) - Axial region

Includes the head,
neck, and trunk Forms the main

vertical axis of the
body

Cephalic (head)
region

Frontal
Forehead

Orbital
Eye

Buccal
Cheek

Nasal
Nose

Oral
Mouth

Mental (chin)

Cranial
Surrounding the brain

Occipital
Back of head

Auricular

Ear
Visible surface

structures of the ear

Facial
Face

Thoracic (chest)
region

Axillary
Armpit

Mammary
Breast

Pectoral
Chest

Sternal
Sternum

Anterior middle
region of the thorax

Vertebral

Spinal columnfrom upper thoracic
into abdominal region

and lumbar (lower
back)

ScapularShoulder blades

Abdominal region

Abdomen

Umbilicus
Navel

Region inferior to the thorax (chest) and superior to the
hip bones

Dorsal/Dorsum

Sacral

Posterior region between
the hip bones

Gluteal
Buttock

Lumbar

Relating to the loins, or the inferior part of
the back, between the ribs and pelvis

Cervical
Neck

Pelvic

Coxal
Hip

Inguinal

Groin

Sometimes used to indicate the
crease or junction of the thigh

with the trunk

PerinealDiamond-shaped region between the
legs that contains the anus and

eternal reproductive organs

(A.4) - Appendicular region

Composed of the
upper and lower
limbs

Attaches to the axial
region

(A.4) - Upper extremity

Deltoid
Shoulder

Brachial Arm
Portion of the upper limb between the
shoulder and the elbow

Antecubital Front of elbow
Region anterior to the elbow;
also known as the cubital region

Olecranal
Posterior aspect of the elbow

Antebrachial

Forearm Portion of the upper limb
between the elbow and
the wrist

Carpal
Wrist

Dorsum of the hand
Manus

Hand

Palmar

Palm (anterior surface) of the
hand

Digital (also called
phalangeal)

Finger

Pollex
Thumb

Radial
Radial (thumb side) aspect of forearm

Ulnar
Medial aspect of the forearm

(A.4) - Lower extremity

Femoral
Thigh

Patellar
Kneecap

Popliteal
Back of knee

Crural Leg
Portion of the lower limb between the
knee and the ankle

Sural Calf
Posterior part of the leg

Pes

Foot Tarsal
Ankle

Dorsum of foot
Top of foot

Digital (also called
phalangeal)

Toe

Hallux
Great toe

Plantar surface
Sole

Coxal
Hip

Fibular
Lateral aspect of the leg

Tibial
Medial aspect of the leg

Characteristics that
Describe Living Things

Organization
Complex structure
and order

Metabolism
Sum of all chemical
reactions

Growth &
Development Increased size and

specialization by mitosis and
cell differentiation

Responsiveness
The ability to sense
and react to stimuli

Regulation
Adjusting or directing the internal bodily
functions in the face of environmental changes

Reproduction

replace organisms in population.

Requires gametes
produced by meiosis

Levels of Organization:
Simplest to Most Complex
(A6)

Cellular Level

Cells
Smallest living
structure

Serves as the basic units of
structure & function

Formed from atoms & molecules from
the chemical leve

Specialized for different bodily functions

Tissue Level

Made up of similar cells
To perform common functions

Four types of tissues

Epithelial
Covers exposed surfaces and lines

body cavities

Connective tissue

Protects, supports, and binds
structures and organs

Muscle tissue
Produces movement

Nervous tissue
Conducts nerve impulses for communication

Organ Level
Composed of organs made up of
two or more tissues

Working together to perform
specific complex functions

Organ System LevelMade up of organs
That work together to coordinate activities

and achieve a common function

Chemical Level

Simplest Level

AtomsAtoms are the smallest units of matter
Elements

two or more atomsMoleculesMacromoleculesComplex
macromolecules form

organelles

Organism Level
Highest level of
organization

All body systems function
independently

Human being

Introduction to Heredity
(S)

Terms (S,2.1)

Locus
Specific place where each gene

is located on a chromasome

AutosomesContains no sex genes
22 pairs of chromosomes

Karyotype
The representation of chromosome pairs, ordered and

arranged by size and similar features

Allele

diagram that predictst inheritance
probabilities

Punnett Square

Table that gives probabilities for
genetic outcomes by showing
possible genotypes of sperm
combined with possible genotypes of
ova.

Does not predict outcomes - only
provides probabilities if alleles follow
Mendelian genetics

Individual gene for a given
trait on one chromosome

Recessive
Expressed only if it is present on
both homologous chromosomes

Expressed by lower case letter Example: Recessive Trait are attached earlobes.
This would be expressed as a little w with both
parents providing the little w (ww)

Dominant

Expressed when one gene dominant
and one gene recessive or both

genes dominant

Expressed by capital letter

Example: cheek dimpling is a dominant
trait. Tesallele could be represented as a
"D", and absence of dimples as "d." To
have dimples,one parent must provide a
dominant allele D and one parent provide a
recessive allele d or both parents provide
a dominant allele D. (Offfspring will have
either DD, Dd).

Genotype
Genetic makeup of an individual

Phenotype
Physical expression of genotype

Chromosome

Strand of DNA encoded with
genes, humans have 23 pairs

22 autosomes; 1 pair of sex chromasomes

Gene

One from each parent

Units of DNA that provide instructions
for the production of specific proteins

Located on chromosomes

Passed from parent to offspring, determines traits

Homozygous
Having two identical alleles for a specific gene

Heterozygous

Having two different alleles
for a specific gene

One dominant allele and
one recessive allele

Dominant allele expressed

Segregated

Two alleles determining a trait
Distributed to different gametes

occurs during anaphase 1 of meiosis

Pedigrees

Diagrams that show patterns of inheritance in related
individuals, much like a family tree

individuals are arranged by generation

affected individuals are represented by filled shapes

males are represented by squares

females are represented by circles

mating pairs are linked by lines

offspring are indicated as a new generation under parents,
connected by lines

Genetic therapy

CRISPR-Cas9 genome editing allows for direct manipulation
of genes, but difficult to "fix" affected embryonic cells

eggs can be fertilized in vitro and
screened before implanting

Symptoms of genetic disorders can sometimes be treated
(such as insulin injections for Type I Diabetes)

Penetrance & Environmental
Influences on Heredity

Percentage of a population with a particular genotype that
exhibits the expected phenotype

Environmental influences may
affect many genetic traits

Example: Radiation, drugs, viruses or
alcohol on fetal development

Poor nutrition on brain development

Predisposed to certain diseases such as cancer

Heredity Transfer of genetic
characteristics from parent to
child

Genetics
Study of heredity and its
transmission patterns

Fetal testing

amniocentesis

amnion removed from mother
via a needle

sloughed fetal cells are cultured

DNA from cultured cells
checked for abnormalities

karyotype may be made

usually done after 14th
week of pregnancy

chorionic villus sampling

part of chorion removed to check
for genetic abnormalities

usually done after 10 weeks

Regulation of gene expression

small non-coding RNAsproduced by what was once
thought to be "junk DNA"

small RNA particles that
regulate expression of other

genes

destroy target mRNA

may inhibit
transcription of target

mRNA

may prevent transcription by
binding to histones associated

with target gene

epigenetic marks

acetylation marks DNA as
available for transcription

methylation tags genes as
unavailable for transcription

regulated by proteins

changes over time

changes can cause
illnesses or cancer

mitochondrial DNA

mitochondrial genes passed
by mother and ovum to fetus

some mutations in mitochondrial
genes linked to human disorders

Sex-linked Inheritance

Alleles carried on X or
Y chromosomes

X-linked traits

National Institutes of Health estimates between
900 and 1400 genes on X chromosome; 70 to

200 genes on Y chromosome

Patterns of Inheritance

Strict dominant-recessive inheritance
Also called Mendelian inheritance; first

described this pattern

Always expressed in the phenotype
regardless if individual is homozygous
or heterozygous for that trait

Example: Normal skin and
hair pigmentation is
expressed (HH Hh)

Will show hair color and
skin pigmentation

May involve interaction of multiple genes (alleles)

traits are intermediate between
heterozygous dominant or recessiveIncomplete dominance

Phonotype produced by
homozygous recessive alleles

Phenotype produced by
heterozygous alleles

Phenotype produced by
homozygous dominant alleles

Polygenic inheritance

Multiple gene inheritance

Multiple genes
interact to produce a
phenotypic trait

May be on the same
or on different
chromosomes

Most human traits

Example: eye color,
height, skin color

Codominance inheritance

Two alleles are equally dominant
Both expressed in the phenotype

The Urinary System
(P)

Reabsorption

Water reabsorption (P3.3E)

10 % water reabsorption in the loop of henleOsmosis

65 % reabsorbed in the PCT
Reabsorbed by paracellular transport

between cells and aquaporins

Aldosterone increases Na+/K+
pumps and aquaporins increase
water reabsorption

Water follows salt

ADH binds to principle cells which increases aquaporins in the
membrane near the end of the tubule . This increases water

reabsorption from filtrate to the blood and results in a smaller
volume of more concentrated urine

Transport of protein (P3.3G)

Proteins move across the membrane back into the blood by
pinocytosis and receptor mediated endocytosis

some small medium protein my be filtered

Most large proteins are to large and can't be filtered

Sodium reabsorption ( P3.3B)
Mostly in PCT

98%-100% reabsorbed from the entire nephron tubule

NA/K pumps embedded in the
membrane keep Na low within the
tubule cells.

This requires energy (ATP) -
active transport

Calcium and phosphate ( P3.3D)

parathyroid hormone PTH
regulates

Stimulates Ca reabsorption in the DCT

inhibits PO reabsorption in the PCT

60 % in blood goes into filtrate

Bicarbonate and hydrogen ions (p3.3-d)
freely reabsorb in the PCT

Tubular order (P2.1)Filtrate collectionBowmans capsuleproximal convoluted tubuleLoop of henleDistal convoluted tubule
Collecting duct

3 mechanisms utilized for reabsorption (P.3a)

Osmosis

Movement of water  through a selectively permeable
membrane from a low to high concentration.

Diffusion

Particles move through cells of
tubule wall down concentration
gradient.Solutes move from a high

concentration to a lower
concentration

Active Transport
Protein "pumps" powered by ATP move

materials against a concentration gradient.

Potassium (P3.3-G)

60% - 80% is reabsorbed in the tubular fluid

Movement is dependent
on the NaCl

sodium reabsorb across the luminal
membrane and water follows

increased concentration of the
remaining solutes in tubular fluid

creates a gradient between tubular
fluid and the interstitial fluid

K+ moves down the concentration gradient
from the tubular fluid by paracellular route

principle cells secrete varying rates depending on
aldosterone and elevated P levels

Loop of Henle & Secretion & Excretion

Excretion & Hormonal control

Excreation (P3.4)

Urine exits the kidneys

through the ureters

to the bladderthrough the urethraby micturition

regulated by the sympathetic and parasympathetic division

when volume of urine retained within the bladder reaches
approximately 200 300 ml

structures that transport fluids
through the urinary systempapillary ductminor calyxmajor calyxrenal pelvisureterurinary bladder

urethra

wastes

Some hormones

human chorionic gonadotropin
Epinephine

Drugs
penicillin, sulfonamides, aspirin

Nitrogenous waste

Creatinine, from creatinine
metabolism in muscleurea, from protein breakdown

uric acid, from nucleic acid
breakdown in liver

metabolic wastes
urobilin, hormone metabolites

Renin Agiotensin Aldosterone System (P4.2)

Stimulus of a low blood pressure

renin is released by
the kidney reducing
renal perfusionAngiotensin 1

Enzyme Angiotensin converter enzyme
(ACE), converts angiotensin1 into
angiotensin 2Angiotensin 2

ADH is secreted by the pituitary leading to water absorption

Vasoconstrictor and increased BP

Aldosterone secretion increases

Tubular Na+ reabsorption K+ excretion and water retention

increases sympathetic activity

Homeostatic imbalances (P8,2)

Diabetes insipiduscharacterized by intense thirst
excessive urination, caused by a deficiency
of the anterior pituitary hormone ADH

blood pressure goes down

Renal caniculi

kidney stones
usually due to a reduced flow or a high
concentration of urineprevents excretion of urine

increases blood pressure

Glomerulonephritis

inflammation of the renal glomeruliedema and decrease urine production
increases blood pressure

Secretion ( P4.a)

What is secreted where?

Proximal convoluted tubuleUric acid

urea

Drugs

H+

Collecting duct
K+

Distal convoluted tubule

K+

H+

Loop of Henle

only at the ascending
Urea and K+

Barrier that must be crossed

a simple epithelium of
the tubule wall

transcellular transport

across the epithelial
cells by channels

Paracellular transport
Between epithelium cells of

the tubular wall

During secretion some substances (hydrogen ions, creatinine, and
drugs) will be removed from the blood through the peritubular
capillary network into the collecting duct. The end product is urine:
filtered substances not reabsorbed.Urine leaves the kidney through the ureter, and is stored in the bladder before being

removed through the urethra. At this final stage it is only approximately one percent of the
originally filtered volume, consisting mostly of water with highly diluted amounts of urea,

creatinine, and variable concentrations of ions.

Loop of Henle P3.3F)counter current multiplier
ascendingpermeable to waterwater enters the tubule

sodium and chloride
exit the tubule

filtrate more diluted up
to 100 mSM

descending

impermeable
water reabsorbed via osmosis, sodium and

chloride stay in the tubule

 
Organs of the urinary

system & their functions

urethra (P1.c)

Female
female urethra has a single function to transport urine from the urinary bladder to the exterior of the body

Male has both urinary and reproductive functions
serves as a passageway for both urine and semen

ureter (P1.d)
is a tube that carries urine from the kidney

to the urinary bladder
There are two ureters one attached to each kidney

urinary bladder (P1.d)
The bladder stores urine

kidney (P1.a)

to filter the blood from
wastes and excess

fluid

general structure

Renal pyramid

Consist mainly of tubes that transport urine from the cortical, or
outer , part of the kidney

Renal medulla
Is the innermost part of the kidney that splits into sections

Renal cortex

The outer portion of the kidney between the renal capsule and the
renal medulla

Renal colum
project into the medulla and subdivide into renal pyramids

Renal sinus

renal pelvis The renal pelvis merges at the
medial edge of the kidney with
the ureter

major calyx
make funnel and creates a renal pelvis

minor calyx

Several calyces
merge to form a large
major calyx

Blood flow through
the kidney (P2.2)

Renal artery

segmental artery

interlobar artery

Arcuate artery

interlobular artery

Afferent arteriole
Glomerulus

Efferent arteriole
peritubular and vasa

recta capillaries

Interlobular vein
Arcuate Vein

interlobar vein Renal vein

Types of Nephrons
(P2.b)

Cortical Nephron short nephron that barely
penetrates the medulla *
less concentrated

Juxtamedullary nephron

Their renal corpuscles lie adjacent to the
corticomedullary junction , and they have
relatively long loops that extend deep into
the medulla

Endocrine activities ( P5.2)
helps control the the rate of red blood

cellS by formation by secreting EPO
kidneys release EPO when a
homeostatic imbalance occurs

Glomerular filtration

Neural regulation (P2.5B)

This involves the
sympathetic nervous

system
Smooth muscles can constrict the

afferent arteriole.
This results decease blood flow and

filtration into the glomerulus
decrease in GFR, decrease in urine production,
retain fluid, and maintain blood volume

Regulation of
filtration (P2.5B)

Autoregulation which is
accomplished by Myogenic

cells
This consists of stretch receptors in

afferent arterioles

These receptors sense dilation of the blood vessel due to
increased blood pressure and respond by constricting blood flow

into the glomerulus.
At the same time macula densa monitors ion concentrations in the loop of
henle constricting afferent arterioles if ion concentration is too high

Filtration (P2.5A) Glomerular filtration rate (GFR)
is primarily controlled by the

juxtaglomerular apparatus
This is made up of juxtaglomerular

cells that produce renin
Macula densa is a set of chemo-receptors cells in
the nephron that monitor filtrate concentration

 (P2.5C)Pressures

Glomerular hydrostatic pressure
The pressure of the blood against the walls of the glomerulus

Net filtration pressure (P2.5D)

The total pressure when all 3
forces are combined

GHP - ( CHP + BCOP)= 10
mm Hg or net filtration

Capsular Hydrostatic pressure (P2.5C)
One of the two forces that work against

Glomerular hydrostatic pressure
This is caused by pressure of
fluid in the capsule itself

Blood colloidal osmotic pressure (P2.5C)

One of the two forces that work against
Glomerular Hydrostatic pressure

This is due to osmotic pressure

Filtration material (P2.5D)

water, amino acids, glucose, sodium and chloride
ions, urea, uric acid, and other material

EXCEPT red blood cells and
LARGE proteins

Hormonal regulation (P2.5E), (P4.1-b)

This involves the enzyme renin
produced by the junxtaglomerular

cells

Renin acts on angiotensin which then increases vasoconstriction ,
resorption, and release aldosterone and ADH, increasing blood

pressure

If blood pressure increases too much atrial wall stretches, ANP released by
the heart, renin released from granular cells in the JG apparatus inhibited. --->

results in decrease in angiotensin II production Result in increased blood flow and filtration into the
glomerulus, increase in GFR, increase in urine
production, loss of additional fluid, and decrease in
blood volume
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