HUMAN BIOLOGY BIOL101 CLASS NOTES

Introduction

Biology (Webster’s) - the science that deals with the origin, history, physical characteristics, and habit of plants and animals



         - is a natural science - “to know” (Latin)

Human Biology - study of the structural, functional, and behavioral bases of the human organisms’ ability to adapt and survive in it’s environment

Opportunities in Biology
1) Medicine  (medicine-related to nursing)

2) Dental 

3) Academic - teaching


         - research

4) Business - pharmaceutical


       - biotechnology - molecular biology

Importance of Biology - news, magazine, everyday

5 Characteristics of Life
1) Organisms are highly organized and complex


A. Molecular level


B. Cellular level


C. Tissue level


D. Organ level


E. Organ system level


F. Organism level



Higher level - populations, community, ecosystems

2) Organisms can use/convert energy - metabolism
3) Organisms can maintain a relatively stable internal environment - homeostasis 


- (achieved mainly via negative feedback mechanisms)

4) Organisms can reproduce
                    - can pass characteristics from generation to generation (DNA)

5) Organisms can adapt to environment


        - evolution - change through time

Principles and Methods of Science - based on 3 general assumptions (scientific principles)

1) Natural causality - all events can be traced to preceding natural causes

2) Uniformity in time and space - natural laws do not change with time/distance

3) Common perception - all humans perceive natural events through their senses in the same way

Scientific Method - is a process which outlines a series of steps for answering questions

- nothing mysterious - good everyday common sense

Scientists ask causality questions
example: 


A) What caused this to happen?


B) How to birds fly?


C) What makes a cell become cancerous?

- Scientists do not ask teleological questions

teleology - the doctrine that natural phenomena result from design or purpose


A) Why should there be birth defects?

Scientific Method - begins with

1) Observation
2) Formulation of a hypothesis - states that a particular preceding event is the cause of a particular subsequent observation, that event A causes event B


example # 3 - Drosophila melanogaster - habitat always includes apple orchards. If true, I should D. melanogaster at location A (has orchard) but not B (no orchard)

3) Experiment hypothetics - deductive thinking


- “if - then” reasoning

- if hypothesis is true; then another specific case must also be true

***hypothesis must be testable

- need a control experiment (everything identical except for the variable that you are testing)

ex: growing a culture of bacteria

- independent variable - controlled/manipulated by experimenter

- dependent variable - influenced by independent variable

4) Conclusion
Basic Chemistry
Organism composed of matter - substance that takes up space and has matter


- unit of matter = atom – 
3 subatomic particles

proton - positive charge

neutron - no charge
electron - negative charge
element - substance that cannot be broken down into simpler components by ordinary chemical means

92 naturally occurring elements - 6 make up 99% of humans


S - sulfur


P - phosphorous


O - oxygen


N - nitrogen


C - carbon


H - hydrogen

Trace Elements

1) sodium (Na) - regulates water volume

2) iodine (I) - regulates metabolic rate - if defiant rate decreases

3) potassium (K) - regulates membrane potential

4) calcium (Ca) - basis of bone structure



  - cofactor for many enzymes (biological catalysts)
enzymes - biological catalyst - speed up chemical rx’s



 - necessary for cardiac muscle contraction
atomic number = number of protons (defines the element)
atomic mass = number of protons + number of neutrons

Ions - positive/negative charged atoms

Isotopes - atoms with same atomic number, but different atomic mass 


- radioisotopes - important in science

  14 C       32 P - nucleic acid        35 S - proteins

Chemical Bonds - attractive force between 2 atoms

1) Ionic bond - transfer of electrons

2) Covalent bond - sharing of electrons - if unequal sharing = polar molecule - composed of 2 or             more atoms ex: water

3) Hydrogen bond - involves H with 2 electron hungry atoms - usually O and N

Metric System        gram = 1/28 oz.



       Liter = 1 quart



       meter = 3.3 feet

Prefix - 10^3  kilo-

          - 10^-2 centi-

          - 10^-3 milli-

          - 10^-6 micro-

Properties of H2O

1) liquid at room temperature

2) many substances dissolve in it - water is a good solvent
- water-loving molecules = hydrophilic = polar
- water-hating molecules = hydrophobic = non-polar
3) high heat capacity

4)  adhesive

5)  Water dissociates (ionizes)  -  H2O (  H+ (hydrogen ion) +  OH- (hydroxide ion)

-pH = measures degree of acidity ( or amount of H+)

scale- 0 to 14   - 0-7 -acid

                                   - 7 is neutral




- 7-14 -base

-buffer - chemical substance that maintains a constant pH           

Organic Chemistry - study of molecules that contain carbon and hydrogen  

- large molecules = macromolecules - polymers- consist of repeating subunits
Dehydration (synthesis) reaction   A + B ( C + H2O  (forms a covalent bond with release of water)
hydrolysis   C + H2O  (  A + B (breaks a covalent bond with the input of water)
Biological Macromolecules
1) Carbohydrates - CHO (1:2:1)                 subunit = monosaccharide

 
-simple sugars (glucose)


-polysaccharide = glycogen, starch - stores energy




      Cellulose (makes up cell walls in plants – “fiber” in your diet)

2) Lipids - non-polar molecules


   - oils/fats


   - phospholipids


   - steroids

3) Proteins - composed of amino acids - linked together via peptide bonds


      - 20 essential amino acids


-dipeptide- 2 amino acids make up 1 peptide bond

4 levels of protein structure



1( = (primary) amino acid sequence



2( = (secondary) folding of sequence into distinct repetitive structures
Alpha helix, pleated sheets



3( = (tertiary) 3 dimensional structure of a polypeptide chain simple protein


4( = (quaternary) 3 dimensional structure of  >1 polypeptide chain complex protein hemoglobin, catalase
4) Nucleic acid - composed of nucleotide





sugar





nitrogen base






PO4 group

DNA and RNA -  (nucleic acids) heredity

ATP – nucleotide energy source

Cells 
Cell Structure and Function
A) definition of cell - fundamental structural and functional unit of all living organisms



        - most cells are microscopic - too small to be seen by the naked eye - except 

               giant amoeba protozoan - 1mm diameter



        - yeast ( 10 micrometers in diameter

B) 3 characteristics of cells

1) surrounded by a membrane (plasma membrane)


2) contains cytoplasm

3) contains organelles (carries out specific functions)

Plasma Membrane - composed of 2 layers of lipids + proteins (fluid mosaic models)


has 3 functions:



1) separates inner cell from outer environment (physical barrier)



2) regulates flow of molecules in/out of cell (selectively permeable membrane)



3) communication (junctions)

FLUID MOSAIC MODEL 

1. phospholipid bilayer- hydrophobic avoids H2O



         - hydrophilic “likes” H2O

amphipathic molecule
2. transmembrane proteins – variety of cellular functions

1) channel


2) transport/carrier


3) receptor


4) recognition

5) attachment

3.  Cholesterol – provides flexibility to membrane (lubricant)

1) simple diffusion - random movement of molecules or ions down their concentration gradients from an area of higher concentration to an area of lower concentration

2) solution - mixture of a substance(solute) in H2O(solvent)

3) osmosis - diffusion of H2O across a selectively permeable membrane  

4) tonicity - relative concentration of solutes in 2 fluids on either side of the membrane  

5) isotonic - when solute concentration is equal on both sides of the membrane (no net H2O 

             movement)

6) hypotonic - solute concentration is less outside the membrane (H2O moves in)

7) hypertonic - solute concentration is greater outside the membrane

8) facilitated diffusion - increased rate of movement/does not require external energy/involves protein transport molecules/specific   (passive) 

Active Transport - against a concentration gradient



    - uses external energy (ATP- universal biological transfer molecule)

Endocytosis - movement of molecule into the cell


        - phagocytosis - large, bully particles


        - pinocytosis - small, dissolved molecules

Exocytosis - movement outside the cell   

Organelles - membrane-enclosed, subcellular structures


2 functions



1) physically separate chemical rx’s in space of the cytoplasm



2) also separate in time

A) Nucleus - surrounded by a membrane = nuclear envelope


       - contains cell’s genetic material DNA


       - has a nucleolus - involves in making ribogenes - protein synthesis

B) Endoplasmic Reticulum (ER) - can have attached ribosomes - rough ER - functions to make  



secretary proteins (leave the cell)





    - lack ribosomes - smooth ER (lipid metabolism, detoxification)

C) Golgi Apparatus (complex) - package/sort secretary proteins

D) Lysosomes – intracellular digestion using acid hydrolases
E) Mitochondria - respiration

Energy - defined as the ability to do work 


2 types


   1) potential energy = stored energy


   2) kinetic (working) energy

-calorie - basic unit of energy              kilocalorie = 1000 calories

Cellular Respiration - produces energy

I.
Glycolysis (cytoplasm)        sugar-splitting



- 10 steps convert glucose ( pyruvic acid


- produces energy - ATP ;   NADH-coenzyme 

3 Major Phases of Glycolysis
1) phase 1 - sugar activation  -  need 2 ATP molecules

2) phase 2 - sugar clearage    - hexose ( 2 trioses




           - 6 carbon ( 2 (3-carbon)

3) phase 3 - sugar oxidation and formation of ATP (4 molecules) - net = 2 ATP’s


if O2 is present, pyruvic acid oxidized to acetyl - CoA (enters Krebs Cycle)

II. Krebs cycle - in matrix of mitochondria


- produces energy - NADH, ATP (2 molecules), FADH2 (coenzyme)

III. Electron Transport Chain - inner membrane of mitochondria



           - produces most of the cell ATP ((  32 molecules)




total = 36 ATP molecules

Genetics
Patterns of Inheritance – Genetics - study of heredity

Father of Genetics - Gregor Mendel - Australian Monk – 19th century - garden peas

· worked with true-breeding plant - all offspring produced are identical to parent

· mathematician – understood probability
Hybridization - mating of 2 true-breeding (homozygous) plants (cross-pollination ( hybrid)

Monohybrid cross - breeding for only 1 characteristic at a time    fig. 4.2


P generation = parental


F1 = first filial


F2 = second filial

- gene - functional unit of heredity - contains DNA

- dominant - expressed in F1 hybrid

- recessive - not expressed in F1 hybrid

Test cross - breeding of an unknown organism with a true-breeding recessive organism   fig. 4.4

Mendel’s Law - allele - alternate form of a gene

1) Law of Segregation - allele pairs separates during meiosis (heredity factors)



- each reproductive cell receives only one allele

   - dehybrid cross - involves breeding for two characteristics at a time   fig. 4.5
2) Law of Independent Assortment - segregation of one allele pair is not affected by other allele 


pairs 

Rules of Probability - defined as the number of times one outcome or event will occur divided by


all possible outcomes or events
locus - position of gene on chromosome 

genotype - genetic constitution of an organism

phenotype - physical appearance of an organism

homozygous - 2 identical alleles

heterozygous - 2 different alleles

linked genes - genes are on the same chromosome

Molecular Genetics
Molecular Genetics

1) Composition of Chromosomes
chromosomes - “colored bodies” that contains cells’ genetic material (DNA) 


           - pairs of chromosomes = homologues 




- diploid in humans - 23 pairs (46 chromosomes)




- haploid 23 chromosomes


- DNA - deoxyribonucleic acid


- structure determined in 1952 (James Watson and Francis Crick)



- DNA exists as a “double helix”



- genetic information stored in nitrogen containing bases

A (adenine)    T (thymine)      C (cytosine)       G (guanine)


- bases held together by hydrogen bonds

A = T        G ( C           complementary base pairs  (bp)

2) Replication of DNA 



- semi-conservative replication - occurs during interphase before mitosis



- each original strand gives rise to a new strand



- controlled (catalyzed) by a protein = DNA polymerase
3) Genetic code (Protein Synthesis) - zygote ( 100 trillion cells - replace 50x10^6 cells every day



- nucleotides (3) ( amino acid (1)


    triplet  3 bases in mRNA (codon)


- DNA (transcription - occurs in nucleus) ( RNA (ribonucleic acid) has uracil (U) 




instead of T



- gene = sequence of DNA that gives rise to a polypeptide (protein)



- transcription catalyzed by a protein (enzyme) - RNA polymerase


- transcription starts at a promoter


- genetic code redundant    - 4^3 = 64 possible codons



- only 20 amino acids > 1 codon for a given amino acid



- RNA (translation) ( proteins



- uses adapter molecule to transfer RNA - contains anticodon (triplet of





bases complementary to codon)



- translation occurs in cytoplasm at ribosomes (contains A and P sites ( accepts




tRNA molecules

Mutations - change in DNA sequence 


     - source of genetic variation


point and mutution - change in 1 DNA base

Human Genetics/Development/Biotechnology/Cancer
Cell Cycle - complete sequence of activities in a cell from one cell division


1 mother cell ( 2 daughter cells

I. interphase - time where chromosomes duplicate (sister chromatids)

II. Cell division

1) nuclear division = mitosis


a) prophase - chromosomes condense - nuclear envelope disappears

 

b) metaphase - chromosomes align in the middle of cell



c) anaphase - chromosomes move toward ends of cells (poles)



d) telophase - chromosomes at poles


2) cytokinesis - division of cytoplasm
Meiosis - special type of nuclear division that produces haploid gametes with ½ the number of 


chromosomes found in somatic cells



meiosis I - place where genetic exchange occurs - “crossing over”  (prophase I)




   - physical connection of homologous chromosomes = tetrad



meiosis II - closely resemble mitosis

   - each stage consists of prophase, metaphase, anaphase, and telophase
Chromosonal Abnormalities - changes in number or structure of chromosomes

1) nondisjunction - failure of chromosomes (chromatids) to separate during cell division (error in meiosis)

ex: Down syndrome - extra copy of chromosome 21 


      mental retardation - trisomy 21


      Klinefelters syndrome XXY - sterile


      Turners syndrome XO – sterile

2) changes in chromosome structure


- deletions


- translocation


- inversion

Mutagen - chemical/physical/biological agent that causes a change in DNA - induces mutations

Human Heredity
1) karyotype  - a pictorial or photographic representation of all the different 


chromosomes in a cell of an individual//chromosomes are usually ordered by size and 


numbered from largest to smallest

2) amniocentesis  - a technique for determining genetic abnormalities in a fetus by the 


presence of certain chemicals or defective fetal cells in the amniotic fluid, obtained by 


aspiration from a needle into the uterus

3) pedigree - a family tree describing the occurrence of heritable characters in parents and 


offspring across as many generations as possible



a) Recessive Traits (disorders) - skip a generation (both parents could carry the 




disease but are not themselves affected ( they are carriers!)



       ex: albinism, cystic fibrosis, sickle-cell anemia   -- fig. 5.3



b) Dominant Traits - one parent must be affected 



       ex: Huntington’s disease - neurological disorder



c) Sex-Linked diseases - located on x chromosome – if recessive, will be expressed 




in males as X Y (mutant)




- females will be a carrier  X (normal) X (mutant)



       ex: color blindness, hemophilia

Gene Linkage - genes on the same chromosome


           - don no sort independents

Pleiotropy - gene can have multiple effects (analogies to disease with multiple symptoms)

Polygenic inheritance - an additive effect of 2 or more genes on a trait - shows continuous 


variation – ex: height in humans
Cancer - uncontrolled cell growth ( produces in tumor


1) benign – contained, localized

2) malignant - spreads - movement called metastasis 

Cancer genes – 
1.  proto- oncogenes (mutated to oncogenes) 

 2.  tumor suppressor genes
Carcinogenesis (stages of cancer development) - induced by carcinogens (most are mutagens)


1) initiation - caused by mutation


2) promotion - growth of cancer cells


3) progression (movement by metastasis)
Recombinant DNA 


- artificial association of DNA from 2 organisms


- uses enzymes = (restriction enzymes “scissors & paste”)



- cuts DNA


- need to amplify DNA with replicating molecules (plasmids) 


- extrachromosonal piece of DNA that can replicate


- cloning - insertion and amplification of a piece of DNA into a vector

Organization of the Human Body
Organization of the Human Body

1) Homeostasis - ability to control internal environment - achieved by a negative feedback 




Mechanism


  - contains 3 components




a) receptor (sensor) - sends information about environment to




b) control center - analyzes/interprets information from sensor




c) effector - produces a response

Negative feedback mechanism - tends to minimize the effects of a change in the environment 

1) cell - functional/structural unit of an organism

2) tissue - group of cells with similar structure and function

4 1( tissue types

a) epithelial - forms the outer covering of the internal and external organs of the body



       - also lines vessels, body cavities, glands, and organs

2 basic subtypes

1) membranous - on free surface not associated with other cells 



-external environment - shin



-internal environment - digestive system



-one side = epithelium



-other side = basement membrane

1) Membranes - classified by number of cell layers and cell shape



- given 2 names (number/shape)  ex: simple squamous


a) simple - single layer of cells


b) stratified - > 1 layer of cells



- only 1 layer touched basement membrane


c) pseudostratified - contains 1 cell layer but looks multi-layered

Cell Shapes 

a) squamous - cells flat and thin


b) cuboidal - cube-like


c) columnar - cells are tall and thin

Epithelium
2) glandular - comprises glands - secrete in particular product 


2 types of glands


a) endocrine - secrete directly into blood stream



b) exocrine - secrete to a “duct”


ex: goblet cells ( mucus (fig. 7.4)

Cell Connection (junction) - 1 degree function - hold cells together


1) tight - seal/prevent leakage


2) gap - communication


3) adhering junction - holds cells together! 


    Desmosomes- adhering between cells

b) Connective tissue - cells separated by an extracellular matrix



         - binds structures together, provides support and protection, fills space, 



stores fat, forms blood cells


3 components

  1) collagen (protein) - does not stretch - produced from fibroblast - provides strength


  2) elastin (protein) - stretches - provides elasticity


  3) water (liquid)



ex: plasma in blood

2 major types 


1) connective tissue proper - dense (collagen)





        - loose (adipose)


2) specialized connective tissue - cartilage - chondrocytes (hyaline - large amounts of 



collagen)






   - bone - osteocytes - (spongy bone/compact bone)






   - blood - extracellular

c) Muscle tissue - contracts/responsible for movement


- 2 major muscle proteins - actin/myosin

3 types of muscle

a) skeletal - attached to bones (movement) voluntary

b) cardiac – heart/aorta (pumps blood)


c) smooth - lines hollow organs (digestive system/blood vessels)



     - has many functions involuntary
d) Nervous tissue - has the ability to conduct electrical signals (action potential)


neuron - functional unit of nervous system -- support cells = neuroglia 



a) cell body



b) dendrites - AP’s toward cell body





c) axon - conducts AP’s away from cell body

Membranes - thin sheet of tissue that covers a structure or lines a cavity


1) serous - line cavities (do not contain glands) 



- epithelium - basement membrane attached to a thin layer of connective tissue



- produces fluid - lessens friction


2) mucous - epithelial cells and basement membrane rests on thick layer of connective



          tissue



     - line cavities that open to outside of body




- digestive




- respiratory




- reproductive



    - contain goblet cells ( produce mucus 




- 2 functions - protect membrane 





         - trap debris

Body Structures Defined by Anatomical Position
1) superior/inferior - toward head/toward feet
2) anterior/posterior - toward front (ventral)/toward back (dorsal)
3) medial/lateral - toward midline (heart to lungs)/toward sides (lungs to heart)
4) proximal/distal - toward or nearest trunk/from or furthest from trunk


     - ex: elbow proximal to end of lower arm



     - ex: hand lies at distal end of lower arm

5) superficial/deep - nearer the surface/further away from body surface (interior)


      - ex: shin of leg superficial to muscles



      - ex: bone of leg is deep to muscles

6) supine/prone (body in horizontal position) - body lying face up/body laying face down
Body Cavities  
I. Dorsal - head region and down the back - as a hollow tube


a) cranial - brain


b) spinal - spinal cord and spinal nerves

II. Ventral 


a) thoracic - upper 



1. pericardial (heart)



2. pleural (lungs)


b) abdominopelvic



1. digestion



2. excretion



3. reproduction

    - separated by the diaphragm

Overview of Organ Systems
1) Integumentary system - skin, hair, nails, exocrine gland



- protection - ion of H2O



- invasion from bacteria/viruses



- regulates temperature



- senses change in external environment

2) Skeletal system - bones, cartilage, other dense connective tissues



      - provides support/protection
3) Muscular system - functions in movement
4) Nervous system - functions in communication


      - brain, spinal cord, nerves

5) Endocrine system - coordinates metabolic activities


         - important in growth/development

6) Circulatory system - blood, heart, vessels



           - brings nutrients to cells



           - takes away waste

7) Lymphatic system - circulates lymph drainage system


          - vessels, ducts, nodes, and organs



          - returns extracellular fluid to blood



          - protects against foreign invasion

8) Respiratory system - lungs and passages




- supplies blood with O2




- removes CO2

9) Digestive system - lung muscular tube (mouth ( anus)



        - breakdown of food ( removes waste)

10) Urinary system - kidneys, bladder



       - water regulation
11) Reproduction system - produces offspring

Nervous System
Nervous System
Neuron - functional unit of nervous system

3 major parts



1) cell body - nucleus and other organelles (cell functions)



2) dendrite - conducts impulse to cell body (up to 10^3)



3) axon - conducts impulse from cell body (1 axon)




 - can branch - collateral




 - terminal knob - end of axon

3 classes of neurons  
1) Sensory neurons - receptors for environmental stimulus (afferent)

2) Motor neurons - relay impulses to muscles/glands (efferent)

3) Association interneurons - brain/spinal cord processes neural information

- neuroglial - surrounds neurons


       - supports, protection

· Schwann cell - wrap around axon ( myelin sheath - insulates axon
· Nodes of Ranvier - gap in myelin sheath


     - impulses jump from gap to gap = Saltatury Conduction (270 mph)

· axon + Schwann cells ( myelinated fiber

· bundles of fibers ( nerves   
Membrane Potential - separation of oppositely charged particles across a cell membrane  
· neurons can undergo rapid reversal of polarity ( electrical impulses carried out by Na/K active transport pumps


3 Na out for 2 K in

Resting Membrane Potential - when cell not responding to a stimulus   -70 mV
Action Potential - a brief reversal of membrane potential brought about by rapid changes in cell 


membrane permeability

     1) Stimulation-   -70mV to -55mV (threshold potential)

     2) Rapid depolarization-   -55mV to +40mV

     3) Repolarization-   +40mV to resting membrane potential



- refractory period - time required for Na/K pump to restore resting membrane




potential

· proprogation - transmission of AP

Communication Between Neurons


-synapse - space (synaptic cleft) between 2 neurons (or neuron and muscle gland)


-AP converted to chemical signal at synaptic cleft  (neurotransmitters - ex: acetyl choline)



- excitatory



- inhibitory

Circuit Organization
reflex - automatic, involuntary response to specific stimuli occurring inside or outside of the body


ex: knee jerk   
Organization of the Nervous System
1) sensory input nerves

2) central processing region - brain/spinal cork




         - interprets information (integration)

3) motor output news

2 Functional groups of Human Nervous System
I. Central Nervous System (CNS) - brain/spinal cord

- nerve bundles “tracts”


- clustered cell bodies “nuclei”


- information processing

II. Peripheral Nervous System (PNS)

- nerve bundles “nerves”’



- all outside nerves - afferent (sensory)



       - efferent (motor)



- clustered cell bodies



a) Somatic Nervous System (voluntary) - “ganglia”


b) Autonomic Nervous System (involuntary)



1) Sympathetic - fight or flight



2) Parasympathetic - “resting”
Blood-brain barrier - ensures that the brain’s environment remains stable

Spinal Cord  - composed of gray and white matter


- gray - sensory and motor functions


- white - connects spinal cord and brain

Brain 
1) brain stem - conducts all efferent/afferent signals to/from brain


a) medulla oblingata - contains reflex centers 




         - cardiac - heart condition




         - vasomotor = blood pressure




         - respiratory = breathing


b) pons - relay center between spinal cord and higher brain centers


c) midbrain - same as pons and has reflex centers



       - eye movement, space perception

Reticular Activating System (RAS) - filters out environmental stimulus





         - attention/concentration





         - altered by drugs (LSD)

2) cerebellum  - controls subconscious functions




    - involuntary

3) Limbic system - surround brain stem 

a) thalamus - filters repetitive environmental stimulus


b) hypothalamus (homeostasis) - ANS - pain, pleasure, fear, rage


c) hippocampus - involved in memory response


d) amygdala - involved in human aggression

4) Cerebrum - integration center/learning/reasoning 

         - divided into 2 hemispheres - connected by nerve tract (corpus callosum)


         - surface marked by convolutions - gyri/sulci

Functional divisions of the Cerebral center - each hemisphere divided into 4 regions (lobes)


1) frontal lobe


2) parietal lobe


3) occipital lobe


4) temporal lobe

3 major types of areas within lobes

motor areas - voluntary, skeletal muscle


sensory areas - receive information


association areas - integration (memory/learning/language)

Brain and Behavior - one hemisphere is dominant over the other (cerebral dominance)


ex: left = language, memorization, numbers


      right = visual/spiritual relationships, music/emotion

learning - acquisition of knowledge or skills as a consequence of experience, instruction, or both

memory - storage of acquired knowledge for later recall


1) short-term memory - electrical, involves the repeated activity of a particular neural 



circuit in the brain


2) long-term memory - structural, involves formation of new synoptic connections 



between specific neurons or the strengthening of existing but weak synaptic 



connecting

Electrical Activity of Cerebral Center
EEG (elecrtoencephalgram) - record of the overall electrical activity of the cerebral center 




         - “brain waves”




         - awake - alpha/beta waves




         - sleep - theta/delta waves

REM (rapid eye movement sleep) - 1 ½ - 2 hours after sleep begins



- irregular brain waves



- dreaming occurs

The Senses 

The Sense
stimulus - any environmental changes that evokes an action potential in a sensory neuron



(receptor)

perception - conscious awareness of stimuli received by sensory receptors

stimulus intensity depends on:

1) frequency


2) recruitment (population coding)

adaptation - receptors can decrease the frequency of action potential to the brain over time

receptors in the Human Body   
1) Photoreceptors - light

2) Mechanoreceptors - touch, pressure, vibration

3) Thermoreceptors - heat/cold

4) Chemoreceptors - chemical - smell/taste/O2/CO2

5) Nociceptors - pain

6) Proprioceptors - space

Vision

Structure of Eye   
1) sclera - outermost layer of the eye

2) choroid - middle layer

3) iris - visible colored part of the eye (most anterior portion of the choroid)

          - melanin (colored pigment)

          - contains smooth muscle fibers


- dilation - sympathetic response


- constrict - parasympathetic

4) pupil - round opening in middle of iris - allows light to enter

5) cornea - transparent window allows light to enter 


    - touching evokes blind response

2 fluid filled cavities separated by a lens

aqueous humor - anterior cavity between cornea/lens
vitreous humor - posterior cavity

Major function of the eye - focus light from the environment on the photoreceptor cells of the 


environment layer of the eye
Retina - innermost layer of the eyeball

           - contains 3 layers of neurons



1st layer (closest to choroid) - 2 types of photoreceptors - rods/cones


2nd layer - made up of bipolar neurons



3rd layer (face vitreous humor) ( ganglia cells

axons of ganglian cells leave the eye ( optic nerve - transmits action potential to the brain

area of exit - optic dish (blindspot - lacks photoreceptors)

fovea centralis - small pit in center of retina



 - contains cones
periphery of retina - contains only rods



[ ] change between 2 extremes

rods - dim-light visual receptors

cones - bright light - color vision

Nature of Light - electromagnetic radiation - travels in waves



  - distance between 2 peaks - wavelength



  - photoreceptors sensitive between 380 and 760 mm (10^-9m)



  - 3 different types of photoreceptors - visible spectrum (ROYGBIV)




- blue - 455mm




- green - 530 mm




- red - 625 mm

Perception of Various Colors - depends on the 3 cone-types - ratios of stimulation - in response 


to different wavelengths



ex: yellow - R:G:B/83:83:0



      green - R:G:B/31:67:36

Path of Light - travels in straight lines


- if light changes speed (different density of medium) - waves are bent or refracted

accomodation - ability of the eye to adjust the lens so that objects can be focused on the retina


 distant objects - lens flat, ciliary muscles relaxed, suspensory ligaments taunt



     close objects - lens round, ciliary muscles contracted, suspensory ligaments slack

Correcting Visual Problems 
1) myopia - occurs when distant objects are focused in front of retina 



(nearsightedness - see close objects clearly)


     - two strong a lens or two long an eyeball


     - correction requires concave lens
2) hyperopia - close object focused behind the retina


         - farsightedness - see distant objects clearly


         - too short and eyeball or lens with poor refractery qualities


         - correction requires convex lens
3) presbyopia - reduction of accommodation for near vision with age as lens loses elasticity


bifocals
negative after image - refers to the subjective persistence of an image after the cessation of the 




visual stimulus



         - seen in complementary colors



         - due to depletion of cone for photopigment

depth perception - ability to assess the distance between oneself and another object and the 


relative distances between 2 objects

Ear -  divided into 3 major areas - outer, middle, inner

1) outer ear (air-filled)


a) pinna (ear flap)


b) external auditory canal
      - lined with fine hairs and modified sweat gland ( produce cerumen “earwax” - functions to 


protect against foreign invasions

2) middle ear (air-filled) - begins at tympanic membrane - thin membrane that transmits sound 





vibration to the next section of the ear




   - ends at bony wall with the oval window and round window - opening 





Leads to Eustachian tube - links to the back of the throat


- nasopharynx - equilibrates pressure between middle/outer ear


- contains 3 small bones (auditory ossicles)



1) malleus (hammer)



2) incus (anvil)



3) stapes (stirrups)
3) inner ear - membrane of oval window clear to inner ear


       - filled with fluid


       - cochlea - coiled tubes


- cochlear duct divides cochlear into 3 chambers



1) vestibular canal



2) cochlea duct - floor is basilar membrane



3) tympanic canal

Organ of Certi - receptor organ for hearing (incochlear duct)



- support cells 



- mechanoreceptors - hair cells

Hearing - sound travels in waves


  - outer ear ( tympanic membrane ( malleus - incus- stupes (increase force of vibration0 ( 



oval window ( creates pressure in vestibule canal - fluid movement in cochlea 



( basilar membrane moves up/down ( causes movement of hair cells ( creates



action potential ( auditory nerve ( brain

Balance  - inner ear



       - 3 semicircular canal - detect rotational/angular motion

Endocrine System
Endocrine System

endocrine gland - releases chemical substances (hormones) directly into the blood  


  - pituitary, thyroid, parathyroid, adrenal, thymus, organs (pancreas, gonads)



  - nervous system controls hormone secretion (hormones also influence nervous 




system functions)



  - link between nervous/endocrine systems - hypothalamus
hypothalamus - 2 interrelated functions


1) monitors internal organs/influences behavior



- control center of homeostasis


2) exert control over the secretion of several hormones via the pituitary gland

major processes controlled by hormones are:

- reproduction


- growth and development


- maintenance of H2O, nutrients, ion balance

hormone - is a chemical substance produced and secreted in one part of the body that initiates or 



regulates the activity of an organ or group of cells in another part of the body 



(largest cells)




- amino acids (proteins)



- lipids (steroids)
Mechanism of Hormone Action - signal-transduction pathway
1) hormone (1st messenger) binds to receptor
2) receptor activates a relay protein (G protein)
3) relay protein activates an effector (enzyme)
4) effector activates a 2nd messenger (ex: cAMP)
5) 2nd messenger activates a cellular response
protein kinases - enzyme that transfer a PO4 group from ATP to a target molecule

Pituitary Gland    master endocrine gland

- anterior (epithelial cells) - connects to hypothalamus by blood vessels

- posterior (nervous tissue)-outgrowth of brain - communicates with hypothalamus by 


nerve cells

Posterior Pituitary - stores hormones (1&2) 



      - releases hormones to circulatory system

1) antidiuretic hormone (ADH) - produced in hypothalamus


- causes the kidney to recover H2O from urine 

            - stored in posterior pituitary (promotes H2O reabsorption0

2) oxytocin (labor) - strong stimulant of uterine contraction


       - controlled by positive feedback mechanism - enhances the effect of a stimulus 


- made in hypothalamus


- stored in posterior pituitary

Hormones of Anterior Pituitary   - unlike posterior, anterior pituitary synthesizes the 


hormones it releases into the blood - produce 6 hormones

2 Categories
-Category 1 - have a direct effect on nonendocrine target cells   - production (PRL) prolactin for milk production








     - human growth hormone (HGH)
-Category 2 - stimulate other endocrine gland to produce and secrete hormones

tropic hormones

thyriod-stimulating hormone (TSH)


adrenocorticotropid hormone (ACTH)


luteinizing hormone (LH)


follicle-stimulating hormone (FSH)

hypothalamus nerve cells synthesize release 


- release-inhibits hormones


- controls release of anterior pituitary gland hormones

Anterior Pituitary Hormones
1) Prolactin - promotes breast development 


        - stimulates milk production (lactogenic hormone)


- mammory gland of breast


- milk secretion controlled by oxytecis

2) Growth Hormone (somatotrophic hormone)


- most abundant hormone produced by anterior pituitary gland


- stimulates most body cells to increase in size
    - by promoting cellular synthesis of proteins - also increases rate of cell mitosis

3) Thyroid-stimulating Hormone (TSH) - stimulates activity of thyroid gland ( produce 


thyroxin/calcitonin

Thyroxin - accelerates rate of metabolism

Calcitonin - decreases blood calcium level


     - assisted by parathyroid hormone (parathyroid gland)

- 1( target is osteoblast (bone)

- Ca number of nerves from blood ( bone (calcitonin)

4) Adrenocorticotrophic Hormone (ACTH)


A) - triggers release of cortisol (glucocorticord)


     - initiates gluconeogenesis - glucose formation


from fats/proteins by the liver


B) - aldosterone (mineralocorticords)



- regulates blood volume



- blood level of K+/Na+

Adrenal Medulla - involved with controlling physological rx’s ( stress



     - secretes epinephrine/norepinephrine - “fight or flight” situations



     - rise in blood glucose level



     - constriction of blood vessels



     - heart rate rises

5) Follicle-stimulating hormone (FSH)

6) Luteinizing Hormone (LH)

- FSH and LH together - estrogen - promotes reproductive organ (2( female characteristics)



  - progesterone - affects lining of uterus




  - testosterone - reproductive organs (2( male characteristics)






 - greater muscle mass
Thymus Gland - thymosis

· product of WBC (T cells)

Pancreas - both endocrine/exocrine functions


- acinor cells - involved in digestion

Islets of Langerhans - produce pancreatic hormones

- alpha cells - glucagon (increases blood glucose levels)

- beta cells - insulin (decreases blood glucose)
Skeletal System
Skeleton - internal bony framework of the body

Functions
1) movement
2) supports/anchors body’s organs
3) protects organ
4) storage sits for several important substances - fat and calcium
5) site of hemopoiesis - process of forming and developing various types of blood cells
2 divisions
1) axial skeleton - skull, spinal column (vertebrae), ribs, and sternum (breastbone)

2) appendicular skeleton - upper limbs, hands, lower limbs, feet, pelvic girdle, pectoral girdle

- 206 bones
-bones joined together at joint - articulation
4 Categories of bones
1) long bones- ex: arms/legs - longer vs. Width

2) short bones- same length and width - ex: ankles/wrists

3) flat bones- contains a flat plate for protection/attachment for muscles ex skull bones
4) irregular bones- complex shapes - ex: vertebrae of spinal column, facial bones

Axial Skeleton
1) Skull- 8 cranial bones (cranium) - 14 facial bones - most are flat bones


- several bones contain sinuses- air-filled spaces






 - reduce weight of skull without losing protection

2) Vertebral spine - column composed of 26 irregular bones - vertebrae


a) 1st seven - cervical


b) next 12 - thoracic - connect to ribs/sternum


c) next 5 - lumbar - lower back

    then d) sacrum pelvis


e) coccyx - end

Appendicular Skeleton - attached to vertical axis of the vertebral column by bony girdles anchored to it

1) pectoral girdle (shoulder)- attaches the upper limbs to the trunk

2) pelvic girdle- secures the lower limbs to the trunk

Pectoral girdle


A) clavicle (anterior)- collarbone

B) scapula (posterior)- shoulder blade      
        - pectoral girdle and associated muscles- shoulder

socket - glenoid cavity

Bones of Upper Limb - 30 separate bones (arm, forearm, hand)        
1) humerous- single long bone of the arm


        - largest/longest bone of the upper limb

2) ulna and radius- 2 parallel long bones of the forearm

3) carpals (wrist)- 8 carpals - marble-sized short bones

4) metacarpals (palm)- 5 

5) phalanges (digits/fingers)- thumb-2 - others-3 each

Bones of the Lower Limbs   
pelvic girdle- 2 large bones innominate - anchored to sacrum


       - together from the pelvis


- each bones consist of:



a) ilium      



b) ischium     = fused in the adult - fuse at deep socket



c) pubis

acetabalum(articulates with the head of the thigh bone

1) femur- single bone of the thyl


 - largest, longest, strongest bone of the skeleton


 - length ¼ of person’s height


 - articulates with tibia at lateral and medial condyles

2) tibia- closer to midline

    fibula
3) tarsals (ankles)
4) metatarsals- instep (arch) of the foot
5) phalanges (toe)
functions of the foot- segmented structure increases flexibility in uneven surfaces


1) supports body weight


2) lever used in walking/running

Joints (articulation)- 2 functions

1) secure bones together

2) allow skeleton of rigid bones to be mobile


- immovable joints (in skull)          

- slight movable joint - held together by cartilage/ligaments - ex: ribs


- freely movable joint - (synovial joint) - ex: knee joint      
Bone Structure  - use long bone - lined with a membrane osteoblast - endosteum 

1) diaphysis- tubular sheath


         - has compact bone that surround medullary cavity ( yellow marrow (fat)






( red marrow- hemopoiesis- develop of blood cells

2) epiphysis- bone end (2)


       - outer compact bone


       - inner spongy bone


       - covered by a membrane - periosteum





- outer layer - dense connective tissue





- inner layer - osteoblast - bone-forming cells

nutrient canals- nerve fibers and blood vessels through bone to periosteum 

Microscopic Structure of Bone    - spongy bone poorly organized

Osteon (Haversian system)- structural unit of compact bone

- consists of a hard inorganic matrix arranged in concentric rings (lamellae) around a 



central canal (Haversian canal)


- osteocytes (mature bone cells) lie in small cavities between the lamellae

3 types of bone cells
1) osteocytes- mature bone cells that maintain the bone
2) osteoblasts (bone-forming)- bone-coating cells that secrete the hard inorganic component into


their surrounding environment

3) osteoclasts (bone-breakers)- breath down inorganic component of bone and return it to the


bloodstream

inorganic component- inorganic mineral salts derived from Ca

Bone Growth/Developement
1) remolding- increase in size and dieameter


        - old bone removed by osteoclast


        - rew bone deposited by osteoblast

2) osteogenesis ( developing embryos)


        - form bony skeleton from cartilage

change of cartilage to bone- ossification   
Muscular System
Muscle Tissue- skeletal


           - smooth


           - cardiac

muscle cell = muscle fiber- contain structural element - contract/shorten

3 properties of muscles
1) contraction

2) extensibility (ability to be stretched)

3) elasticity (ability to return to normal length)

tendons- connective tissue that attaches muscle to bone 

most skeletal muscles work as antagonistic pairs- making movement possible   ex: biceps/triceps
when muscle contracts, one bone remains stationary/the other bone moves

origin of muscle on the stationary bone insertion of muscle is on bone that moves

Skeletal Muscle Fiber
1) sarcolemma- cell membrane

           - forms tubules that penetrate into cell’s interior


           - tubules make up transverse (T) tubule system

           - tubules make contact with sER = sarcoplasmic reticular- has Ca# storage sacs-




needed for muscle contraction
2) cytoplasm = sarcoplasm     

- muscle fiber contains many myofibrils along the length of each myofibril are alternating dark and light bands - gives a “striated” appearance

Myofibrils


A band - wide dark band


I band - thinner light band 


H zone - middle of A band


Z line - middle of I band

sarcomere- smallest contractible unit of a muscle cell      

thick filaments – myosin


thin filaments - actin

Contraction of a Muscle Fiber
- either a single muscle fiber is activated by an action potential and tontracts, or it does not

- when a muscle fiber contracts, its sarcomeres shorten, reducing the distance between successive 


female lines

- contraction involves sliding thin filaments past thick filaments so their overlap increases

Stimulation of Muscle Contraction     
- skeletal muscle fibers are stimulated by motor neurons of the somatic division of the central 


nervous system

- neuromuscular junction (between nerve and muscle)


- neurotransmitter - acetylcholine

- depolarization- muscle action potential (MAP) over sarcolemma, down the transverse tubule 


system to the sarcoplasmic reticulum (SR)

     ( MAP causes SR to release Ca# to sarcoplasm

- after binding sites on actin exposed: Ca# bind to thin filaments, exposes myosin binding 


  sites on filaments

1) Cross-bridge attachment- attraction between myosin/actin (ATP hydrolysis- activated myosin -


ADP + Pi remain attached to myosin)

2) Power Stroke: as myosin head binds to actin, myosin head changes from a high energy state to 


low energy state



- causes head to pull on thin filament



- slides toward center of sarcomere



- ADP/Pi are released from the myosin head

3) Cross-bridge detachment- new ATP molecule binds to myosin head




        - myosin cross bridge released from actin

4) “Cocking” the myosin head- hydrolysis of attached ATP ( ADP + Pi provides energy





- return myosin head to high energy (cocked) position





- cycle repeats


- contraction continues as long as there is calcium ions (Ca#)


- when MAP stops, Ca# actively pumped out of sarcoplasm - SR


- muscle relax 
Muscle Contraction need ATP- cell makes ATP by


1) aerobic respiration

2) anaerobic respiration (lactic acid ( soreness/fatigue)



- after exercising you breathe deeply- need oxygen to complete metabolism of 




lactic acid


3) by the interation of ADP with a high energy compound (creatine phosphate) to produce



ATP

oxygen debt- amount of oxygen necessary to remove the lactic acid

Circulatory Systems
3 Major Parts (cardiovascular system) - closed system - pump + vessels

1) blood- transportation medium



 - carries oxygen, nutrients to the cell


 - carries carbon monoxide, wastes from the cell

2) vessels- carries blood

3) heart- pumps blood

blood pressure- force per unit area exerted on the wall of a blood vessel by its contained blood

resistance- is the opposition to flow and is a measure of the amount of friction the blood 


encounters as it moves through the vessels       ex: blood vessel diameter

Blood Vessels
1) arteries- carry blood away from the heart
2) veins- return blood to the heart
3) capillaries- between arteries/veins


        - sites for exchanges

Walls of blood vessels - 3 layers

1) lumen- innermost/endothelial cells to reduce friction

2) middle layer- composed of smooth muscles/elastic connective tissue



- diameter of BV (with ANS- autonomic nervous system)


- vasoconstriction- reduction in diameter of BV (contraction of smooth muscle)


- vasodilation- increases diameter of BV (relaxation of smooth muscle)

3) outer layer- composed of collagen


         - protection, attachment to surrounding structures

Arteries- contracts/recoils with heartbeat = pulse


- arterioles- small arteries

Capillaries    

- net = capillary bed - thoroughfare channel- connect arteriole to venule


- true capillaries- surrounded by smooth muscle - precapillary sphincter

Veins- contain one-way valves - prevent blood from flowing backwards


- venules- small veins

- varicose veins- dilated veins



 - caused by heredity



 - prolonged standing



 - obesity



 - pregnancy

Heart Wall   - 3 layers

1) outermost = pericardium- protection/attachment

2) middle = myocardium (muscle tissue) ( cardiac muscle)


- contraction

3) inner = endocardium


- reduces friction/resistance to blood flow through the heart

Internally, heart divided (septum) into right/left sides

- each side has 2 chambers



1) atrium- upper chambers



2) ventricles- lower chambers

Atrioventricular valves- between atria/ventricles


- mitral (bicuspid) valve - left atrium/left ventricle


- tricuspid valve - right atrium/right ventricle

Semilunar valves-


- pulmonary valve - right ventricle/pulmonary artery


- aortic valve - left ventricle/aorta

Coronary arteries- supply blood to the heart (itself) from aorta



    - leave heart via coronary veins


- veins join to form coronary sinus which empties into right atrium

Pathway of Blood Through the Heart- 2 side-by-side pumps

Right side- pumps blood through the lungs = pulmonary circuit

Left side- pump blood through rest of body = systemic circuit

superior/inferior venae cavae ( right atrium ( right ventricle ( pulmonary arteries ( lungs 


(gas exchange) ( pulmonary veins ( left atrium ( left ventricle ( aorta

Cardiac Muscle Tissue

- striated - contraction accomplished with actin/myosin

4 differences between cardiac(CM)/skeletal muscle(SM)

1) CM cells - short and branched/SM cells - long and cylindrical

2) cardiac cell contains junctions = intercalated disks - allow membrane potentials to spread from 


one cardiac cell to another

3) cardiac muscle works only with aerobic respiration

4) cardiac muscle can sustain long contradictions

Electrical Conduction of Heart- can beat without nerve connections
1) depolarization initiates at sinoatrial (SA) node (pacemaker)
2) depolarization wave spreads through left/right atria - atrioventricular (AV) node
3) passes through right/left AV bundle branches
4) goes then to Purkinjie fibers

electrocardiograph- instrument that records the electrical activity of the heart

electrocardiogram- graphic recording of electrical changes of the heart (ECG)- contains 3 distinct


parts (waves)
       P wave- contraction of atria
       QRS complex- ventricular contraction  
       T wave- ventricular relaxation

Cardiac Cycle- heart beat     70 times/min          
1) Period of ventricular filling

2) Ventricular contraction

3) Ventricular relaxation

Blood Pressure- measured by instrument (inflatable cuff) – sphygmomanometer

-systole - ventricular contraction

-diastole - ventricular relaxation
- defects in heart valves = murmurs
- hypertension- high systolic blood pressure


          - indicates increased resistance to blood flow

Heart Attack- refers to the death of a portion of the heart muscle (infarction) because of a lack of 
oxygen


- myocardial infarction = true heart attack  - fat deposits/blood clots in coronary arterioles

Stroke- portion of the brain dies because of a lack of oxygen

          - arteriole bursts/blocked

Lymphatic System- special one-way system of drainage vessels that absorb the excess 


extracellular fluid and return it to the bloodstream  

lymph nodes (filters)

Blood
Blood (5-6 L in circulatory system)
Four functions of blood
1) transportation- delivers oxygen/nutrients



   - takes away wastes/carbon monoxide

2) physical protection of blood vessels- clot formation
3) protects body against disease/infection (immune system) (WBC) - viruses, bacteria, toxins
4) acts as a buffer (minimizes changes in pH)
Composition of Blood- separates in 3 layers in a centrifugal field
1) liquid portion = plasma 55% of blood



- composed of 90% water and 10% dissolved solutes (proteins, nutrients,



electrolytes)
2) red layer = RBC (erythrocytes)


       = 45% of blood
3) buffy coat = WBC (leukocytes) + platelets- blood clotting


            - 1% of blood    (immune system)
RBC- carries oxygen (protein called hemoglobin Hb)

        - lack a nucleus

average RBC count = 5x10^6 cells/mm^3

Life Span of RBC- 120 days


- aged RBC’s removed by spleen

erythropoiesis- production of RBC in red bone marrow

1( stimulus is reduced oxygen


- kidneys produce a hormone called erythropoietin (EPU) to stimulate the red 



bone marrow to produce more RBC
Blood Types -- A, B, AB, O

RBC disorders
1)anemia- refers to a reduction below normal in the blood’s oxygen - carrying capactiy and can be 


caused by inadequate numbers of circulatory RBC, a deficiancy in Hb content, or both
2) polycythemia- excess RBC production



 - can occur at high altitudes


 - tumors

3) sickle-cell anemia- abnormal Hb
White Blood Cells- primary cells of the immense system average WBC count   7000/mm^3


- 2 main category - granulocytes - eosinophils (red)






     - basophils (blue)






     - neutrophils (colorless)




     - agranulocytes - monocytes






       - lymphocytes

White Blood Cell Disorders
1) Leukemia- uncontrolled WBC production (blood cancer)
Blood Clotting (coagulation)- arrest from bleeding from a broken blood vessel



1) Vascular spasm- construction of blood vessel



2) Clottting- prothrombin ( thrombin; fibrogen ( fibrin (forms) clot

Abnormal Clotting



thrombus- clot in an unbroken blood vessel



embolus- free floatin thrombus

Immune System
Immunity- recognizes self vs. foreign

Non-specific immune response- nonselective body defense against bacteria, viruses or other 


foreign or abnormal substances

Inflammatory response (macrophages-WBC’s)- nonspecific respnse consisting of a sequence of 


events that occurs when cells are damaged and serves as the body’s defense mechanism 


against trauma



- activation of a plasma protein (bradykinin)

Chemotaxis- directional movement of cells response to chemical gradients

2) Interferon   viruses = intracellular parasites


- proteins that inhibit viral replication


- after release from cell, interferon binds to receptors of neighboring cells ( stimulates



uninfected cells to produce enzymes that protect them anst viral infection


- virus can infect these protected cells but canot make viral proteins   
3) Complement System- at least 14 plasma proteins made by the liver (circulate in an inactive 


form)


- the active complement proteins sequentially attack the mambrane of invading



microorganisms (ex: bacteria) produce holes in the membrane (lesions), allowing



fluids to leak into the foreign cell, causing the foreign cell to burst and die (14.3)


- other complement proteins bind to receptors on WBC



- enhance phagocytosis


- some complement proteins enhance inflammatory response

4) Fever- bacteria (virus produce toxins)


 - a body condition (response) against toxin where it raises temperature 


 - affected cell can also release pyrogens (go to hypothalamus - resets body temp. at a j



higher temp.) to enhance response

Specific Immune Respnses

- selectively terget invading foreign material


- carried out by lymphocytes

- takes longer

remember: for nonspecific/specific immune response to work, immune system must be able to 


recognize foreign material as different brom the body

Antigen- any substance capable of stimulating an immune response

T lymphocytes- lymphocytes that travel to the thymus = T cells

B lymphocytes- lymphocytes that remain n bone marrow = B cells

2 types of specific immune responses
1) antibody-medicated immunity (B lymphocytes)- relies on the ability of B cells to produce 


protein molecules (antibodies) that bind specifically to an antigen, thereby tagging antigen 


for destruction



- B cell is capable of binding with only 1 antigen and producing only 1 specific


antibody to the antigen

    B cell ( plasma cell (clones = identical cells) ( produce immunoglobulins (Ig)


- some do not participate in immune response = memory cells ( allow immune system to respond more rapidly if there is a 2nd infection

Antibody Structure- 4 polypeptide chains


- 2 long heavy chains


- 2 short light chains

-constant fragment- binds to other cells

-antigen-binding fragment - binds to Ag

Ab diversity- achieved by reassortment of DNA sequences

Ab function-  Ab - Ag ( Ab - Ag complex  “flag”

1) complexes does not allow Ag to physically destroy/injure body cell’s

2) enhances non-specific immune respnse


ex- activates complement system - lysing


    - enhances phagocytosis (traps Ag so phagocyte can destroy it)

3) activates T cells

2) Cell-mediated immunity (T lymphocytes)
- T cells specifically bind w/ Ag’s and destroy them
- T cells are activated by a foreign Ag only when it is on the surface of a cell that also carries a


marker of the individual’s own identity

- T cell activation involves both non-self and self   (fig. 14.6)

T-cytotoxic (T-killer)- cells that bind to cells carrying the activating foreign Ag and directly kills 


cell
activated T cell may differentiate (specialize) into T-helper cells ( major function is to chemically 


stimulate the proliferation of other T cells and B cells that have already become bound to


Ag

-T-helper cells release substances called lymphokines - used for communication between 


immune cells

 - activated cells can divide to produce: 1) clones






   2) T-memory cells





  
   3) T-suppressor cells

T-memory cells- does not participate in the immune response 



 - remain in circulation (like B-memory cells) to become activated by a subsequent


encounter with the same Ag ( become T-helper cells and T-cytotoxic cells

T-suppressor cells- slow down and stop the immune response after the foreign Ag that activated 


the immune response is eliminated

Primary Immune Response- occurs when the immune system encounters an Ag for the 1st time


- characterized by a lag period - time to activate/proliferate B cells
Secondary Immune Response- production of T-memory/B-memory cells provides immune system


with an immunological  memory


- subsequent exposure to Ag evokes 2( response




- faster, more prolonged, more effective



- males possible the development of vaccines- contain weakened or dead disease 


causing microorganisms that cause a 1( response without causing the actual disease 


(Table 14-1)

ABO Blood Type and Rh Factor

A = A Ag      B = B Ag     AB = both       O = neither


- after 6 months of age, Ab’s against non-self blood types appear in blood system

     - Ab - Ag interaction ( agglutination or hemolysis (rupture)

     - Rh + = have factor; Rh- = do not have factor

     - Ab’s develop only after exposure to Rh factor

Rh antibodies can cross placenta (unlike ABO Ab’s)

erythroblastosis fetalis- occurs when Rh- mother is carrying Rh+ fetus


- if fetal blood comes into contact with mother’s blood, maternal immune system will 


  attack Rh+ Ag’s


- normally occurs during birth


- 1st pregnancy exposes Rh- mother to Rh+ ( will produce Rh+ Ab’s – 1st newborn OK

- however, with 2nd pregnancy, mother’s immune system will read much faster ( destroy 


  RBC (anemia, cerebral damage, death)


- Rh- mothers treated with RhOGAM – prevents formation of Rh+ Ab’s

Immune System Problems

1) severe combined immunodeficiency disease (SCID)


- low number of B and/or T cells – susceptible to diseases


- treated with bone marrow transplants

2) AIDS = acquired immunodeficiency syndrome

- disorder caused by human immunodeficiency virus (HIV)


- HIV = RNA virus (retrovirus)

- binds to CD4 receptor on T cells helper lymphocytes

    RNA ( DNA (reverse transcriptase) – integrates into a chromosome

Life Cycle of HIV

1.  infection

2. reverse transcription of RNA to DNA

3. integration of viral DNA (provirus)

4.  viral gene expression DNA to RNA top viral proteins

5.  cellular lysis = produces hundreds of infectious viral particles (virions)

Spectrum of HIV infection

1) early infection- causes immune response



   - produces HIV - Ab’s (3 weeks to 6 months)


- time between infection and AIDS = 10 years

2) early symptoms- fever, sweat, fatigue

    AIDS- very susceptible to disease


 - low T-helper count


 - median survival time = 2 years

           Transmission- fluid transfer between humans


Prevention- no cure/vaccine

3) Allergies = an antigen-induced state that results in abnormally intense immune response to an 


Ag (allergen)

4) Tissue Rejections- treat recipient of new tissue/organ with immunosuppressive drugs  


ex: cyclosporine

5) Autoimmune diseases- immune system produces Ab’s against its own Ag’s 


a) proteins disturbed- recognized or foreign


b) cross reactor between similar, but not identical, Ab’s

    ex: repeated exposure to bacteria in rheumatic fever

Respiratory System
Respiration- process of acquiring oxygen from the external environment and eliminating carbon 


dioxide from the body
4 events (phases) or places within the human body where respiration occurs:
1) Pulmonary ventilation (breathing)- moving air in/out of lungs
2) External respiration- exchange of oxygen and carbon dioxide between the blood and the air in


the lungs (at the alveoli)
3) Internal respiration- movement of oxygen from blood to body tissues



          - movement of carbon monoxide from tissues ( blood
4) Cellular respiration- production of ATP
inspiration = inhalation

Respiratory Organs  
1) The Nose- only external visible part - moistens, warms, & filters entering air





  - site of olfactory receptors


        - nostrils open into 2 nasal cavities

2) Pharynx (throat)- common passageway for food and air



      - upper portion behind nasal cavities



      - lower portion diverges into respiratory/digestive pathway


esophagus- conduct food into stomach


trachea- allows air into respiratory system
3) Larynx- right below pharynx 


2 functions


1) switching station to route air/food into proper tubes



- opening to larynx is the glottis; epiglottis- covers glottis


2) speech- vocal cords
Trachea, Bronchi, Bronchioles
trachea (windpipe)- from larynx and divides into the right/left primary bronchi (bronchus)

- once inside lungs, each bronchus divides into bronchioles


- smallest bronchioles = terminal bronchioles - end in a elongated space surrounded by 



clusters of air sacs called alveoli- great surface used for gas exchange


- surfactant- lipoprotein that helps keep the lungs expanded

Lungs- enclosed in a thin, double-walled membrane = pleura (pleura sac)

          - lies within a sealed thoracic cavity

   pleurisy- inflammation of the pleural membrane

   diaphragm- floor (membrane) separates lung from the abdominal cavity

Respiration Process

Pulmonary Ventilation

intrapulmonary pressure- pressure in alveoli of lungs




  - rises/falls with each breath

Inspiration- active process


     - thoracic cavity enlarges      

     - diaphragm contracts, moves down and flattens out

     - intercostal muscles contract ( rib cage moves up and out


     - lungs increase in volume as size of thoracic cavity increases


     - intrapulmonary pressure drops ( sucks air into lungs
Expiration- passive process depends on lung elasticity


    - lungs recoil (snap back) ( pushes air out of lungs

Respiratory Control -  proportional to concentration of carbon dioxide
1) neurons in the brain stem = respiratory center


- controls basic pattern of breathing

2) depth/rate of breathing controlled (modified) = chemoreceptors


- central chemoreceptors = medulla oblingata


- peripheral chemoreceptors = circulatory system

    - depends on H+             CO2 ( carbonic acid ( [H+]

if [H+] rises in blood, stimulates chemoreceptors ( tells respiratory center to increase breathing

with increased breathing, more CO2 removed from blood [H+] decreases

SIDS = failure of respiratory center 


- sudden infant death syndrome - undeveloped central chemoreceptors

Gas Exchange
1) Gas transplant by blood- oxygen carried in the blood is bound to Hb in RBC

2) CO2

a) transported in blood plasma (dissolved)  7%-8% of total


b) attaches to amino acids of Hb – 20%


c) bicarbonate ions (70%) in plasma

Homeostatic Imbalances of the Respiratory System
1) Pneumonia- acute lung inflammation - bacterial






   - viral

2) Chronic Obstructure Pulmonary Diseases- 1( caused by tobacco use


a) chronic bronchilis- excessive mucus production in lower respiratory passageway


b) obstructure emphysema- break down of alveolar wall

3) Lung Cancer- 400,000 deaths/year

Nutrition/Digestive System
Nutrition/Digestion

energy-acquiring process:


organic molecules in food + oxygen ( energy (ATP) + CO2 + H2O

Nutrients- substances in food used by the body to promote normal growth, maintenance, and 


repair 

6 groups - carbohydrates, lipids, proteins, vitamins, mineral, H2O


*liver able to convert one type to another

essential nutrients- cannot be made and must be provided by the diet


ex: essential amino acids (Table 16-1) – histidine, isoleucine, leucine, lysine, methionine, 


     valine, triptophan

1) Carbohydrates- main source of energy (derived from plants)  - exception: lactose (milk)


- sugars = fruits, sugar cane, sugar beets, honey, milk


- starches = grains, leafy and root vegetables
2) Lipids- neutral fats (triglycerides)


- saturated = no  C C – double bond


- unsaturated = C=C bond



- seeds, nuts, vegetable oit

     - important:


1) concentrated energy source


2) essential for building cell membranes


3) construction of myelin sheaths


4) steroid (hormone)

3) Protein- provide structure to organs/cells


    - transport substances throughout the body


    - enzymes (biological catalyst)


    - hormones

      - complete proteins = all essential amino acids - from animal products, vegetables, nuts, grains

      - incomplete = lack 1 or more essential amino acid’s - beans, peas, nuts, cereal

      - limiting amino acid = one in shortest supply

4) Vitamins- group of organic compounds needed for important human metabolic reactions


      - humans require 14 different vitamins


      - act as coenzymes- “help” enzyme carry out chemical reactions


       - water-soluble (B vitamins, Vitamin C) - absorbed from digestive system - body does


not store these vitamins (come from diet)

- fat-soluble (vitamins A, D, E, and K) -bind to lipids absorbed form digestive system - can be stored in body tissues (liver)

- need balanced diet to get all vitamins

5) Minerals- inorganic nutrients  Ca+, P ( vital bone component


      - major/trace


      - K, Na, Cl


      - Fe ( need for Hb in RBC


      - vitamin B12 needs cobalt

6) Water- 50%-70% of body weight is H2O

3 major body functions


a) solvent



b) temperature regulation



c) part of waste removal system

Metabolic Rate and Food Intake Requirement


calorie- unit of measurement of energy


           - heat energy needed to raise the temperature of 1g of water 1( C


           - 1000 calories = kilocalories C

metabolic rate- is the sum of the heat produced by all the chemical reactions and mechanical work 


of the body

BMR = basal metabolic rate- energy the body requires to perform only the most essential activities of breathing, blood circulation, and cellular metabolism


- depends on lean body mass (free of fat)– male greater than female (more lean body mass)

Gastrointestinal Tract
digestion- mechanical and chemical break down of food and its absorption into the circulatory 


system for distribution to tissue cells
3 major processes

1) mechanical digestion- involves the physical breakdown of the food into smaller fragments


- chewing (mouth), churning and mixing (stomach)

2) chemical digestion- involves breaking food macromolecules down to simple molecules


- hydrolysis- addition of water to break a chemical bond

3) absorption- involves transporting simple molecules from the digestive system to the circulatory


system ( for distribution to the rest of the body

Organs of Digestive System
1) alimentary canal (GI- gastrointestinal tract)

2) accessory digestive organ

alimentary canal: mouth, pharynx, esophagus, stomach, small intestine, large intestine (anus)


- 7 m (22 ft.) long

accessory organs: salivary glands, liver, gall bladder, pancreas

4 layers of GI tract
1) mucosa (mucous membrane)- lines the lumen of the alimentary canal


functions - secrete mucus and digestive enzyme



   - absorbs products of digestion



   - protects against microorganism (and self-digestion)

2) submucosa- nerves (nervous), blood vessels (circulation), lymphatic vessels (drainage), CT

3) muscularis- smooth muscle

4) serosa- outermost layer (protection)

I. Mouth (oral cavity)- ingestion - food entry compacted into a bolus

palate - roof of mouth


tongue


   saliva- watery substance/3 functions


1) cleanses the oral cavity/dissolves chemicals (taste)


2) moistens foods ( help compact into a bolus


3) contains salivary amylase ( stickiness

II. Pharynx- passage behind mouth (involved in swallowing)


- swallowing - both voluntary/involuntary reflex   
III. Esophagus- tube connecting mouth to stomach


- peristalsis- involves alternate waves of contraction/relaxation


      - forces food to stomach   
IV. Stomach       -- 25 cm long      1.5-4 L of food


- temporary storage area food


- site for mechanical breakdown (most food - mixing action)


- chemical breakdown (proteins=pepsin)


- lining of mucous membrane clotted with millions of glands ( gastric glands ( produce



gastric juice


- passage for stomach to small intestine controlled by pyloric sphincter

V. Small Intestine- major digestive segment of the GI tract 



    - usable food prepared to go into cells



    - chemical digestion completed with assistance of secretions produced by the



liver, the pancreas, and the small intestine


duodenum


jejunum


ileum

                           - ends at ileocecal valve

3 modification of mucosal layers = increase surface area for absorption


1) presence of deep folds in mucosa/submucosa


2) finger-like projections from mucous membrane = villi


3) tiny projection of the cell membrane of absorptive cells = microvilli (brush border)

   - underneath microvilli are capillaries and lymphatic vessels ( lacteal

Accessory Glands Associated with the Small Intestine
1) liver- made up of hepatocytes (cells) - direct contact with blood for 2 sources 



1) venous blood from the GI tract



2) arterial blood from the aorta

GI tract ( blood ( hepatic portal vein to the liver ( capillaries and hepatic artery ( oxygenated blood to liver ( blood m ( blood leaves liver through the hepatic veins ( inferior vena cava

- hapatocytes produce bile- emulsifier of fats (not an enzyme)-leaves via hepatic duct (   


duodenum + bilirubin- breakdown product of RBC 

- bile stored in gall bladder- ejects bile to duodenum via the common bile duct

2) pancreas- endocrine organ - insulin/glucagen

- also secretes pancreatic juice- secreted via pancreatic duct ( common bile duct


- breaks down proteins, lipids, nucleotide, starches 


- contains alkaline liquids ( neutralizes acid chyme (sodium bicarbonate) from stomach

VI Large Intestine   

- ascending, transverse, descending colon ( rectum ( anus


- cecum (dead end sac) ( appendix

Digestion in GI tract   
Mouth- both chemical/mechanical digestion

· chemical ( salivary amylase ( breaks down carbohydrates
Stomach- gastric juice      HCl + pepsincogen ( pepsin breaks down proteins
Carbohydrates
1) salivary amylase

2) pancreatic amylase (in small intestine) ( dissaccharides ( maltase lactase (monosaccharides
Proteins (small intestine)

1) peptidases (aminopeptidases/carboxylpeptidases)

Lipids-   bile ( emulsification ( produces micelle  
          -   lipase ( monoglycerides

absorption in small intestine  (villi)  
absorption in large intestine- main function water, electrocytes/minerals/vitamins

Urinary System
Urinary Excretion

urinary system   kidneys, ureters, bladder, urethra

Kidneys- 2 major related functions

1) excrete cellular waste products

2) maintain body fluid composition

- blood enters kidneys via renal artery (contains wastes)

- blood leaves kidneys via renal vein

- urine leaves kidneys via ureter ( bladder (collects and temporarily stores urine) ( urethra (4cm 


female and 20cm male)

2 Zones of Kidneys
1) outer zone = cortex

2) inner zone = medulla ( consists of striated cone-shaped patterns=renal pyramids ( contain 


microscopic nephrons 

Nephron Structure- basic functional unit of kidney     
1) peritubular capillary network = series of branching capillaries surrounding a hollow tubular 


structure = renal tubule (4 major regions)



A) glomerular capsule (Bowman’s)



B) proximal convoluted tubule



C) descending arm, loop of Henle, ascending arm



D) distal convoluted tubule


- urine then empties into collecting tubule (duct) ( renal pelvis ( ureters

afferent arteriole- carries blood to each nephron

glimerulus- bed of capillaries inside Bowman’s capsule

efferent arteriole- from the glomerulus ( peritubular capillaries (surround renule tubule) ( 


venules ( renal vein

Urine Formation    - formed in nephron via 3 proceses

1) filtration 

2) reabsorption 

3) secretion

A) glomesular filtration- solutes in blood passes from glomerulus to Bowman’s capsule

B) reabsorption- the return of most of the solutes (good) and water moves from the tubule back


into the blood


- from proximal convoluted tubule ( renal tubule ( collecting duct


- reabsorbs of ions/nutrients    ex: amino acids, glucose (max. abs. 180 mg/100ml blood),



vitamins (via active transport)


- diabetes mellitis - glucose in urine

2) Secretion- process by which some substance remaining in the peritubular cavities are actively 


transported bad to the renal tubule    ex: H+/K+ - assists in maintaining proper pH of


body’s fluids

Urine Concentration   25L to 1-2L/ 24 hours


- occurs in descending, loop of Henle, ascending tract

Control of Kidney Function and Homeostasis
1) Water balance- reabsorption of water from ducts to blood controlled by antidiuretic hormone 


(ADH)- increases permeability of distal convoluted tubule to water (water flows back to 


blood) - decreases water content in urine

   - drinking alcohol = increased urinary excretion ( dehydration/hangovers

2) Blood pressure/Blood volume

- juxtaglomerular cells (JG) in walls of afferent arterioles


- sensitive to changes in blood pressure



- if pressure low, release an enzyme = renin


- renin converts angiotensinogen ( angiotensin (elevates blood pressure)

3) Acid-base balance

- via diffuses of CO2 (carbonic acid)

4) Nervous control

- sympathetic division of ANS (construction of  nephron arterioles ( decreases kidney



function

Urinary System Disorders

1) Infections  a) urethritis - urethra


          b) cystitis - bladder


          c) nephaitis - kidney

2) Kidney failure- acute- abrupt stop in function



   - chronic- inflammation of kidney

3) Dialysis- blood filtered by external system


     - simple diffusion

4) Kidney Transplantaion (1554)   87,000 in US to date 


- major problem (organ rejection)

5) Related Kidney Problems

- renal hypertension- abnormally hi renal blood pressure 




       - atherosclerosis - constructs blood vessels ( lowers blood pressure 


- congestive heart failure- weakened heart ( low blood flow --. Releases angiotension ( 


aldosterone ( blood volume increases blood pressure (increases extracellular tissue fluid


= edema 
