Senses - Eye & Vision

I. Structures of Eye

a. Accessory

b. Muscles

c. Eyeball

d. Fluids & Chambers

e. Lens

II. Physiology of Vision

a. Overview of Light

b. Photoreception

c. Visual Processing

________________________________________________________________

Eye

· Dominant sense: 70% of all sensory receptors in body are in eyes & nearly half of cerebral cortex I s involved in some aspect processing of visual information 

· Diameter - ~ 1 inch, only anterior 1/6 is visible (rest is enclosed by a cushion of fat 7 bony orbit

Accessory Structure of the Eye (fig        )

· Eyebrow: short, coarse hairs that overlay the supraorbital margins of skull

· Eyelashes: protect free margin area which causes blinking

· Eyelids: palpebrae, palpebral fissures that meet at medial and lateral commissures (canthi)
· Medial canthus supports lacrimal caruncle which produces sebum

· Levator palpebral superiorsis raises eyelids
· Conjunctiva -  mucous membrane produces lubricating mucus to prevents eye from drying out

· 2 parts: 
· palpebral conjunctiva

· ocular conjunctiva (bulbar) – doesn’t cover the cornea

· Lacrimal Apparatus -   gland & ducts that drain excess lacrimal secretions into nasal cavity

· Tears – lacrimal secretion, dilute saline solution

Extrinsic Eye Muscles

· 6 straplike muscles – originate in bones of orbit insert into outer surface of eyeball

· 4 rectus muscles: superior, inferior, lateral & medial
· 2 oblique muscles (vertical plane): inferior & superior (goes through trochlea)
Structure of the Eyeball
· 2 poles: anterior/superior 

Three Coats of Wall (tunics): fibrous, vascular and sensory

1. Fibrous Tunic – outermost layer

a. Sclera – tendonlike, white part

b. Cornea – collagen fibers line up so its clear

c. Contains nerve endings

2. Vascular Tunic (uvea) – middle coat

a. Choroid – highly vascular, dark brown membrane

i. Produces melanocytes (help absorb light) anteriorly it becomes the…

b. Ciliary body – a thickened ring of tissue around the lens to control shape
i. Suspensory ligament (zonule) – extends from the ciliary process to the lens

c. Iris – colored part of eye, lies between the cornea and the lens, 2 smooth muscle layers

i. Pupil – allows light into the eye round central opening

3. Sensory Tunic – 2 layers of retina

a. Pigmented layer – outer, single cell lining, covers to ciliary body & posterior face of  iris

i. Pigmented epithelial cells, absorb light & prevent scattering

b. Neural (nervous) layer – inner transparent layer, to margin of ciliary body

i. Ora serrata retinae – junction between this layer & ciliary body

ii. 3 main types of neurons

1. photoreceptors – produce current in response to light & spread to the..

2. bipolar cells – which spread to..

3. ganglion cells – axon where AP is generated (exit at optic nerve)
· optic disc – (blind spot) where optic nerve exits eye not reinforced by sclera because no photoreceptors but brain fills in blanks

Two Types of Photoreceptors

1. rods – dim light & peripheral vision, sensitive to light

2. cones – bright light & provide high –acuity color vision

a. fovea centralis – center of macula lutes, mostly cones light passes almost directly to photoreceptors because vitreous humor is displaced to sides enhancing visual acuity

i. things we view focus on the fovea

· neural retina received blood from 2 sources 

· choroids & central artery (also a central vein)

Internal Chambers & Fluids

Eye is divided into 2 segments (fig.       )

1. Posterior segment

a. Vitreous humor – clear gel

i. Transmits light

ii. Supports lens & holds retina against pigment layer

iii. Adds to intracellular pressure to counteract force of extrinsic eye muscles 

2. Anterior segment

a. Divided by the iris, filled w/aqueous humor (similar to plasma)

i. Anterior chamber – cornea & iris

ii. Posterior chamber – iris & lens

b. Capillaries of ciliary process to scleral venous sinus (follow diagram for movement)
c. Glaucoma – compression of retina & optic nerve caused by blockage of humor drainage

Lens

· biconvex, transparent, flexible structure - can change shape to allow focusing of light on retina

· avascular – no blood vessels

· 2 Regions

· lens epithelium – cuboidal cells, surface cells on the anterior of lens

· lens fiber – form the bulk of the lens, folded proteins called crystallins

· new fibers are added so lens becomes denser more convex & less elastic w/age

· Cataract – clumping of proteins in lens, makes it cloudy

Physiology of Vision
Wavelength & Color:

· we see visible light (visible spectrum: 400-700 nm) which travels in waves

Refraction and Lenses:

· reflection: light bouncing off nontransparent objects (how we see)

· refraction: light bends as it enters an area of different density at an oblique angle

· focal point: 

· where light rays converge

· the thicker (more convex) the lens, the more light bent & shorter the focal distance

· real image – upside down & backwards, due to convex lens

Focusing of Light on Retina

· light - through cornea, aqueous humor, lens, vitreous humor, neural layer to photoreceptors

· light bends three times

· enteres cornea

· enters lens

· leaves lens

Focusing for Distant Vision – lens flattened

· humans are adapted for distance vision

· far point of vision – pt. beyond which no accommodation or change in lens shape is needed for focusing

· emmetropic – normal eye (60m/120ft)

· light from a distant object reaches eyes as nearly parallel rays – lens is at rest & can’t get thinner (lowest refractory point)

Focusing for Close Vision – lens bulges

1. Accommodation of the lens –

a.  ciliary muscles contract, tension on suspensory ligament decreases, lens bulges (parasympathetic control)

b. near point of vision – closest pt we can focus on clearly (max bulge)

2. Constriction of the pupils –

a. Circular muscles of iris reduce size of pupil to enhance accommodation (accommodation papillary reflex) keeps out divergent light rays

Homeostatic Imbalances of Refraction

· myopia – short vision, objects are focused in front of retina, close okay

· nearsightedness

· hyperopia – far vision; objects are focused behind the retina

· farsightedness

· astigmatism – unequal curvation of lens causes focusing on lines of retina, not pts.

Photoreception

· process by which eye detects light

Functional Anatomy of Photoreceptors

· both rods & cones have an inner & outer segments 

· photoreceptors (or visual pigments) in outer segment are packaged in the form of discs

· light damages cells, so they are renewed on a circadian rhythm

· Rods & Cones absorb light differently
· Rods
· Sensitive to dim light (night vision/peripheral vision)
· Absorb all wavelength of light (all color)
· we perceive grey tones because lots of rods feed into one ganglion cell (fuzzy) 

· Cones
· Need bright light for activation (low sensitivity)
· Have pigments that furnish color vision
· Each cones (sometimes a few) feeds into own ganglion cell – sharp vision
· Remember fovea has only cones!

Chemistry of Visual Pigment

· light absorbing molecule (retinal) that combines w/ proteins called opsins to form 4 different types of visual pigments ( 1 rod and 3 cones)

· type of opsin determines what type of wavelength is absorbed

· when light reaches pigment, retinal structure & free opsin that in turn initiates a chain of chemical & electrical reactions in rods & cones

Stimulation of the Photoreceptors

1. Excitation of rods 

a. Visual pigment is rhodopsin (in discs) actually deep purple color

b. Mainly activated by vitamin A

c. When rhodopsin absorbs light, it breaks down (bleaching of the pigment)

2. Excitation of cones

a.  Responds to high intensity light (pigment breaks down similar to rods)

b. 3 Types of Cones (different types of opsin)

i. respond mainly to particular wavelengths of light (blue, green, red) but have come overlap so we can perceive many colors

Light & Dark Adaptation

· light – move from dark to light (leaving a movie); compensate by:

· the sensitivity of the retina decreases dramatically

· retinal neurons adapt rapidly switching from the rod to the cone system (60 seconds)

· dark – compensate by: 

· our  cones stop functioning in low-intensity light 

· our rod pigments have been bleached out by the bright light & the rods are still initially inhibited (20-30 minutes)

· also changes pupil size

The Visual Pathway of Brain

· axons of the retinal ganglion cells issue from the back of the eyeballs in the optics

· At the X-shaped optic chiasma (K – A – AS – MA)

· Fibers cross an continue on optical tracts

1. Contains fibers from the lateral (temporal) aspect of the eye on the same size & fibers from the medial (nasal) aspect of the opposite eye

2. Carries all the information from the same half of the visual field

Stereoscopic Vision & Depth Perception

· overlap what we see in each eye to give depth perception (primates, birds, cats); 3D

· panoramic vision – other animals

Visual Processing

Retinal – mechanisms

1. Action of light hyperpolarizes photoreceptors

2. Bipolar neurons are depolarized by hyperpolarized roots that feed into them; turned “on” 

3. Bipolar neurons receiving signals from cones feed directly into excitatory synapses on ganglion cells

a. Cone inputs are perceived as sharp & clear (color)

4. Depolarized bipolar neurons excite ganglion cells which generate action potential

Thalamic

· receives information from both eyes concerning 

· movement

· depth perception

· contrast (edges)

Cortical – 2 main areas

· primary visual cortex also called striate cortex

· info on edges, dark & light

· brings inputs to…

· visual assocation area (prestriate cortex)

· processes info on form, color, motion

Study Questions - Eye/Vision: Lab 24 
· Identify the main parts of eye (internal and external)

· segments of the eye and the fluid each contains

· aspects of tunics (fibrous and sensory)

· accessory parts of eye (outside parts)

· main purpose of lacrimal gland and where it is

· main fluids of the eye structure (use this to learn parts of the eye!)

· eye focusing mechanism

· nearsighted/farsighted focal problems

· differences between the functions of rods and cones

· how many receptors are associated with vision

· Use pathway of vision to learn pathway
Ear: Hearing & Balance

I. Structure of Ear


A. Outer ear


B. Middle ear


C. Inner ear

II. Sound & Mechanisms of Hearing

A. Sound

B. Transmission

C.  Path to Brain

D. Auditory Processing

III. Equilibrium & Orientation

A. Two types

B.  Path to Brain

________________________________________________________________

I. Structure of the Ear

Outer Ear (external)

1. Auricle (pinna) – direct sound to canal

a. shell-shaped projection surrounding opening

i. elastic- cartilage covered w/skin

ii. helix – outer rim

iii. lobule – “earlobe”, no cartilage

2. External Auditory Canal (meatus) – auricle eardrum

a. cartilage & temporal bone

b. lined with skin, hairs, sebaceous gland, 

i. ceruminous gland – cerumen (earwax); sticky to trap objects, repels insects

3. Tympanic membrane

a. Boundary between outer & middle ear

b. Thin connective tissue membrane

i. Skin on external surface

ii. Mucosa on internal surface

c. Vibrates when hit by sound waves, transfers sound energy to bones middle ear

Middle Ear (tympanic cavity)
1. Lined with mucosa & filled with air

2. Medial end has superior oval (vestibular) window and inferior round (cochlear) window

3. Tympanic cavity arches upward to epitympanic recess (“roof” of middle ear)

4. Mastoid antrum – entrance to the phayngotympanic tube (or auditory tube)

a. Usually flat & closed until you yawn or swallow

5. Auditory tube – connects to nasopharynx (top of throat) 

a. Opens while yawning to equalize pressure

Three Ossicles (smallest bones in body) – (fig       )
1. malleus (hammer)

2. incus (anvil)

3. stapes (stirrup)

· held in cavity by ligaments & together by joints & transmit vibration

· 2 tiny skeletal muscles

· tensor tympani

· stapedius -stop vibration to protect hearing receptors from loud noises

Inner Ear (Internal Labyrinth)

2 major divisions: bony labyrinth & membranous labyrinth

1. bony labyrinth – 3 structurally & functionally unique regions, filled with perilymph

a. Vestibule - central cavity, posterior to cochlea, anterior to semicircular cavity

i. 2 sacs within perilymph

1. saccule- membrane connecting to cochlea

2. utricle – membrane connecting to s.c. canal

b. Semicircular canal

i. Anterior (frontal plane), posterior (sagittal), lateral (horizontal) canal in each 
ii. Semicircular sucts –talk to utricle

iii. Ampulla – enlarged swelling at one end that helps with movement/orientation 

c. Cochlea - spiral chamber turning around the modiolus (bony pilar)

i. Cochlear duct (membranous) invisible

ii. Organ of Corti – receptor organ for hearing in cochlear duct

iii. 3 cavities (fig.         ) or scalas: divide cochlear duct & spiral lamina (bone)

1. media – middle is the duct (endolymph)

2. vestibuli – oval window, terminates at round window

a. vestibular – “roof” that separates sm & sv

3. tympani – round window, terminates at oval window

4. 2 & 3 or in helicotrema (hel-I-ko-tre-mah) – hole in spiral

5. stria vascularis – mucosa that secretes endolymph

6. basilar membrane – “floor” & supports Organ of Corti

II. Sound & Mechanisms of Hearing

Sound

· Pressure disturbance originating form a vibrating object & propagated by molecules of medium
· Sound wave – travels outward from source in all directions (sine-wave)
· Wavelength – distance between 2 consecutive crests (troughs)

· Frequency (Hz) - # of waves/given time

· Shorter the wavelength the higher the frequency

Humans hear 20 – 20,000 Hz

· Most sensitive to 1500 –4000 Hz

· Can distinguish 2-3 Hz differences

· Pitch – higher frequency higher pitch

Amplitude – height of sine wave

· Graphically shows intensity

· Decibels (dB) – loudness/subjective interpretation of intensity
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Ultrasonic - >20,000 Hz (20KHz) – bats, dolphins, dogs

Infrasonic - <20Hz – elephants, baleen whales, pigeons

Transmission of Sound to the Inner Ear

· Sound in air strikes tympanic membrane & sets it vibrating at the same frequency

· Distance membrane moves varies with sound intensity 

· louder = more placements

· transmitted by ossicles fluid into wave motion

Resonance of the Basilar Membrane (fig,         )
· perilymph in scala vestibuli moves back & forth low sounds (<20Hz) don’t activate the Organ of Corti & aren’t heard, don’t make it around

· higher frequency are transmitted to scala tympani

· as stapes moves – basilar membrane moves up/down - round window moves back/forth

· some fibers are “tuned” to certain frequencies (resonance)

Excitation of Hair in the Organ of Corti

· Organ of Corti (rests atop the basilar membrane)

· Made up of supporting & hearing receptor cells

· Hairs of cells are bent by movement of basilar membrane

· Nerve fibers wrapped around bases of hair cells depolarize & hyperpolarize as hair cells move back & forth

· Frequency of sound waves determines rhythm of membrane potential changes & frequency of firing of nerve fibers

Pathway to Brain

· Impulses from cochlea pass through spiral ganglion & cochlear nerve, to medulla – auditory reflex center of midbrain – auditory cortex (this provides for conscious awareness)

Auditory Processing
· Pitch

· Different parts of Organ of Corti activated by different pitch

· Cochlear nuclei of medulla primary auditory cortex have tonotopic maps that correspond to specific frequencies

· Loudness

· Cochlear cells responding to the same frequency may have differing thresholds of response

· More have cells stimulated may be recognized as a loud sound

· Location of Sound

· The nearer ear receives sound waves sooner & at a higher intensity

III. Equilibrium & Orientation

· depends on inner ear, visual inputs, stretch receptors of muscles & tendons

· vestibular apparatus – equilibrium receptors in the semicircular canals & vestibule

· send signals to the brain to change position to stay in equilibrium

Two Types of Inner Ear Equilibrium Receptors

1. Static Equilibrium

· maculae – 

· monitor position of head in space

· posture 

· straight line changes in speed

2. Dynamic Equilibrium

· Crista ampulla – on ampulla of each semicircular canals

· Rotational movements

· Still concerned with head position

Pathway to Brain

· info goes already to reflex centers in the brain stem & to cerebellum

· because we need quick reflex, can’t take time to think
Study Questions - Ear/Hearing: Lab 25 
· use the pathway of sound to learn the parts!

· parts of external ear and their function

· parts of middle ear – 3 ossicles

· parts of internal ear and their functions

· range of hearing in humans

· What tests did you perform in lab to determine hearing ranges, ability, etc

Taste & Smell

I. Taste 


A. Sense of Taste

B. Physiology

C. Path to Brain

IV. Smell

A. Sense of Smell

B. Physiology

C. Path to Brain

Taste & Smell

· Taste – gustation

· Smell – olfaction

· Both are chemoreceptors because they respond to chemicals in an aqueous solution

· Excited by

· Food chemicals in saliva

· Smell receptors – airborne chemicals that dissolve in fluids coating nasal membranes

I. Sense of Taste

· taste buds: sensory receptors organs for taste

· located on the tongue, few on soft palate, cheeks, pharynx, epiglottis of larynx
· papillae – projections of the tongue that make the tongue feel abrasive
· 3 Main Types of Papillae


· filiform – most abundant, small, parallel rows

· provide friction for licking

· fungiform – most abundance at tip and sides

· circumvallate – back of tongue, biggest & least numerous

· Each taste bud has 3 types of epithelial cells

· Supporting cells – most of the taste bud, insulate..

· Gustatory cells (taste cells) – have synaptic vesicles

· Gustatory hairs: project from 1 & 2 through taste pore

· Basal cells – acts as stem cells

Four Basic Qualities of Taste

· sweet – organic substances (sugars, alcohols)

· sour – acid

· salty – metal ion (inorganic salt, NaCl)

· bitter – alkaloid (caffeine, nicotine

· certain areas are for certain taste, no absolutes, usually 2+ tastes

We crave tastes that relate to certain needs:

· sweet & salt – carbohydrates, minerals & amino acids

· sour – vitamin C

· bitter – dislike is protective (poisonous, spoiled)

Physiology of Taste

Activation of Receptors

1. Chemicals dissolve in saliva

2. Diffuse into taste pores

3. Contracts gustatory hairs

i. Certain neurotransmitter released

ii. Action potential generated

Mechanisms of Transduction

Transduction – stimuli energy is converted to nerve impulse

· Salty – Na+ influx

· Sour - H+ blocks K+ or Na+ channels

· Bitter – G proteins increase intracellular Ca2+
· Sweet- G proteins close K+ channels

Pathway to Brain

· anterior tongue – facial nerve

· posterior tongue & pharynx – glossopharyngeal nerve

· other taste buds – vagus nerve

· ultimately to the gustatory cortex in parietal lobes

Tastes Triggers Digestion

1. saliva produced

2. gastric juices

3. gag reflex

Other sensations that influence taste

· 80% smell

· also temperature and texture

II. The Olfactory Epithelium & the Sense of Smell

Olfactory Receptors (OR)

· olfactory epithelium – bipolar neurons

· in roof of nasal cavity

· contain olfactory receptor cells, supporting cells & basal cells

Point Out: olfactory receptors have cilia – increase the surface area

· OR are replaced every 2 months

· Mucus “captures: odor

Physiology of Smell

Activation of the Olfactory Receptors

· Chemicals in gaseous state

· Must be water soluble to dissolve in mucus

· Chemicals may bend to receptors & open Na+ & K+ channels – depolarized & AP of olfactory bulb

· Transduction in olfactory receptor cells still being worked out

Pathway to the Brain

· Nerve synapses in mitral cells & glomeruli

· Each glomeruli is set for 1 type of odor signal

· When mitral cells are activated impulses flow through olfactory tracts to 2 main destinations

· Thalamus of olfactory cortez

· Hypothalamus, amygdala & limbic system – emotional response
Study Questions - Olfaction/Taste: Lab 26 
· the relationship between olfaction and taste

· Identify main parts of the tongue

· different papillae

· cells of a taste bud (be able to identify on a slide)

· what are the requirements for smelling

· three major olfactory cells



Endocrine System

I Endocrine System

· What is it?

II Hormones

· What they control/stimuli

III. Mechanisms of hormone

· Amino acid based versus steroids

________________________________________________________________

I. Endocrine System

· acts via hormones

· interacts w/nervous system

· is (comparatively) slower acting

Endocrine Glands -don’t have ducts, release hormone into surrounding tissue

Exocrine Glands - have ducts routed to surface (no hormone)

II. Hormones:

· substances secreted by cells into extracellular fluids that regulate metabolic function of other cells

· alter cell activity to cause certain effect

Hormones Control:

1. reproduction

2. growth & development

3. mobilizing body defenses

4. maintaining electrolyte, water &  nutrients balance of the blood

5. regulate cellular metabolism

6. energy balance

Hormones stimuli typically produces 1 or more

1. alter membrane permeability & electrical state

2. stimulates synthesis of protein or regulatory molecules (enzymes)

3. activates or deactivates enzymes

4. induces secretory activity

5. stimulates mitosis

Hormones target certain tissue cells

· only acts w/target cell that has a specific protein receptors

· depends on:

· blood level of hormone

· relative number of receptors for hormones

· affinity between hormone & receptor

Two types of target cell regulation

1. up-regulation – target cell forms more receptors in response to high levels of hormones

2. down-regulation – target cell is desensitized when exposed to high hormone levels (can loss receptors) 

Control of hormone release uses negative feedback

3 Types of Stimuli to release or make hormones

1. humoral – respond to blood levels of ions/nutrients

a. parathyroid releases PTH to increase Ca2+
2. neural fibers – nerve fibers stimulate release 

a. adrenalin – stress response

3. hormonal – hormone stimulates another endocrine gland to release hormone

a. hypothalamus – pituitary – thyroid

· nervous system can override feedback mechanisms when necessary (times of stress)

III. Hormone mechanisms

· Most hormones are Amino-Acid based or Steroids 

· use different mechanisms for hormone action

· AA based

i. Use G protein & 1+ intracellular second messenger 

ii. Either cAMP – cyclic adenosine monophosphate

iii. or PIP- phosophatidyl inositol biphosphate

Mechanisms for AA/cAMP (fig         )

1. Hormone binds to receptor & changes it shape

a. G protein activates Adenylate cyclase which makes cyclic AMP

b. cAMP activates protein kinases (different for each)

c. cAMP is broken down by phosphodiesterase

Mechanism for AA/PIP (fig        )
2. Hormone binds 
a. G protein activates phospholipase

b. Phospholipase spilts PIP inot diacylglycerol (DAG) & IP3
c. DAG activates protein kinases

d. IP3 triggers Ca2+ from endoplasmic reticulum

e. Ca2+ can also alter activity 

Mechanism for steroids (fig      )

1. steroid hormones – direct gene activation

a. bind to intracellular receptor

b. steroid diffues into target cell

c. hormone – receptor complex binds to receptor protein on DNA

d. enzymes/structuresl are made

Major Endocrine Glands – lab 27 

· make worksheet in lab

Endocrine System
· Main functions of hormones
· What determines target cell effectiveness
· Two types stimuli (3 main ones)
· Definition of hormones, endocrine vs exocrine
· Two main types of hormones 
· amino acid based and the 2 mechanisms

· steroids and their mechanisms

Lab 27 – endocrine system ( Learn chart of what hormones come from where & where they go

· major endocrine glands and the hormones they produce (fig 1-3)

Lab 28b – endocrine system
· major hormone used in the lab experiment and their purpose

· thyroid hormones – effect on metabolic rate

· why did some effect metabolism and some didn’t?

· Effects of estrogen on uteran growth

· insulin – diabetes (what is alloxan and what did it do?)

Blood

I Blood

· Characteristics & Main Functions

· Plasma & Formed Elements

III Hemostasis

IV Blood Types

________________________________________________________

I What is Blood?

· Characteristics

· pH 7.35

· 8-9% of body weight = 5-6 L male/ 4-5 L female

Three Main Functions

1. Distribution/Transport

a. O2 from lungs & nutrients from the digestive tract to all body cells

b. Metabolic wastes from cells to lungs & kidneys for elimination

c. Hormones from endocrine gland to target cells

2. Regulation/Maintenance

a. Maintain body temp through distribution of heat

b. Maintain pH

c. Maintain fluid volume in circulatory system

3. Protection

a. Prevents blood loss through clotting

b. Prevents infection (antibodies/WBC)

III Two Main Aspects (Parts) 
Plasma- non-living fluid & majority of blood

1. 90% H2O 

2. 100+ dissolved solutes

a. mostly proteins (produces by liver) that 

i. contribute to osmotic pressure

ii. transport other proteins

iii. help w/clotting

b. also nutrients, gases & hormones

Formed Elements - 3 Main Types

1. Erythrocytes (RBC’s) – used to carry oxygen
a. Bag of  hemoglobin – RBS protein that helps w/gas transport

i. Heme – red; globin - protein

b. Hematocrit – volume of RBCs in blood

c. High surface area to volume ratio 

i. Good for gas exchange

· oxyhemoglobin – O2 binds at lungs

· deoxyhemoglobin – O2 released at tissues

· CO2 attaches to the amino acid of globin not heme

d. Produced in red bone marrow according to need (hematopoesis), triggered by hormones

e. Have no nucleus or organelles so they can’t replace worn out parts

f. Life span of 100-120 days

g. Iron is recycled, rest is broken into smaller vessels & destroyed

h. Heme is eliminated from body

2. Leukocytes (WBC’s) – part of immune system 
a. WBCs – variety of types, all have nucleus
i. Some have cytoplasmic glanules & some without

b. Leukopoiesis – interleukins & colony-stimulating factors (CSF) 

c. Last for months to years depending on what they are used for (jobs)

3. Platelets - helps with clotting

a. Very small pieces of cells

III. Main Steps of Hemostasis (stopping of bleeding)

1. Vascular spasms - vasoconstriction stimulated by

a. injury to vascular smooth muscle
b. chemicals released by endothelial cells & platelets
c. reflexes initiated by pain receptors

2. Platelet plug formation - become sticky when exposed to collagen fibers in damaged endothelium

a. release chemicals (seratonin, ADP, thromboxine) that enhance vasoconstriction 

3. Coagulation (blood clotting)

a. Prothrombin activator is formed from chemicals released by platelets & turns into thrombin

b. Thrombin catalyzes formation of fibrin which forms a mesh & traps the RBCs

4. Clot refraction & repair

a. platelets w/contracile proteins pull edges together (actin & myosin)

b. serum (no clotting proteins) is squeezed from clot & vessel rebuilds w/growth factor

5. Fibrinolysis - removes unneeded clots when healing occurs

Thromboembolytic Conditions:

1. Thrombus – a clot in an unbroken vessel

2. Embolus – thrombus that floats after leaving blood vessel; lungs & brain

3. Roughening of endothelium of vessel

a. Burns



c. Slow blood flow
b. Inflammation


d. Arteriosclerosis
Bleeding Disorders

1. Thromocytopenia - defiency in platelet count, bleeding from the blood vessels throughout body

2. Impaired liver functions - stops the synthesis of many procoagulates: 
a. Vitamin K defiency or hepatitis (extreme) 

3. Hemophilia - defiency of clotting 

IV. Human Blood Groups

1. RBCs have antigens at their surface – determines blood type
a. Genetically determined proteins on plasma membrane

b. Body recognizes it as foreign & immune system acts on it

2. Promotes Agglutination - clumping due to binding of antibodies to antigen (blocks blood vessels
3. In blood: antibodies form for the antigen you don’t have

a. transfusion go wrong when it’s a conflicting blood type: ABO/Rh

ABO Groups - based on presence of 2 agglutinogens A & B

	Blood Type
	Antigens
	Antibodies

	Type A
	A
	B

	Type B
	B
	A

	Type AB (universal recipient)
	Both
	None

	Type O (universal donor)
	none
	Both

	Rh Factor (+/-)**
	
	Aren’t present until Rh+ comes in contact with Rh- blood


**Second transfusion with be rejected because the antibody is now present
Study Questions – Blood
· What are the main functions of blood: 
· Components of blood (plasma vs formed elements)

· How does blood clotting happen (write out the steps and what is used)

· Types of blood cells (RBCs, WBCs, platelets) and their functions

· Human blood types (A, B, O, AB, and Rh +/-) how each are determined 

Lab 29 – blood (fig 1, 6, 7; Tables 1 & 2)

· differentiate RBCs, platelets and WBCs

· label plasma and different formed elements in a test tube (after centrifuge)

· identify blood type based on antibody illustration

Cardiovascular system – The Heart

I. Heart Anatomy

a. Layers

b. Chambers

c. Pathway of blood

d. Heart Valves

e. Coronary Circulation

f. Cardiac Muscles

II. Heart Physiology

a. Sequence of excitation

b. Extrinsic Innervation

c. Cardiac Cycle

d. Cardiac Output

_______________________________________________________________

I. The Heart is..

· The transport system pump for the cardiovascular system

· Found in the mediastinum (me”de-ah-sti-num) which is the medial cavity of the thorax

· Enclosed by a double-walled sac called the pericardium (fig.       )

1) Fibrous pericardium  - dense tissue layer

a. Protects the heart & anchors it to the surrounding structures, diaphragm

2) Serous pericardium – thin slippery membrane (2 layers)

a. Parietal layer - Internal surface of the fibrous pericardium

b. Visceral layer (epicardium)

· Between these two layers of the serous pericardium is the pericardial cavity

Layers of the Heart

· Epicardium – visceral layer 

· Myocardium – mainly cardiac muscle (actually contracts)

· Called the fibrous skeleton of the heart - arranged in spiral or circular bundles

· It’s the connective tissue that reinforce the myocardium

· More abundant where extra support need (at vessels, valves)

· Limits the spread of action potentials

· Endocardium

· Endothelium – single layer of squamous (flat & scalelike) cells

· Lines chambers, covers values

· Continuous with lining of blood vessels

Chambers & Great Vessels

Four Main Chambers

· 2 superior atria: right and left

· Job: receive blood returning to the heart from the circulation
· Enters right atrium via 3 veins:

· Superior vena cava – blood superior to diaphragm

· Inferior vena cava- blood from below diaphragm

· Coronary sinus – blood from myocardium

· Enters the left atria via 4 pulmonary veins – oxygen rich(from lungs)
· 2 basic parts:

· Smooth walled posterior part

· Ridged anterior part (pectinate muscles)

· Separated by crista terminalis
· fossa ovalis – marks the spot where the fetal heart existed

· 2 inferior ventricles: right and left
· Bigger than atria, most of the heart

· Job: discharging chambers

· trabeculae carneae – irregular ridges on muscles

· papillary muscles – project into the ventricular cavity

· play a role in valve function
· Aorta - arise from the left ventricle

· Pulmonary arteries – arise from the right ventricle

Other Dividing Lines

· Interatrial septum – divides the heart longitudinally by atria

· Interventricular septum – when in divides the ventricles

· Atrioventricular groove (coronary sulcus) - place where the atria and ventricles meet 
· Anterior Interventricular sulcus – divides the right and left ventricle
· Also a posterior one

Pathway of blood through the heart (figure      )
A. Pulmonary circuit


1.  Vessels to and from the lungs


2.  Gas exchange in lungs (from arteries to veins; CO2 ( O2)


3.  Right side of heart


4.  Short, low-pressure circulation

B. Systemic circuit


1.  Vessels to and from body tissues


2.  Gas exchange at tissues (from veins to arteries; O2 ( CO2)


3.  Left side of heart


4.  Long, high resistance pathway

Heart Valves

· Keep blood flowing in one direction

· Atrioventricular (AV) valves 

· Valves that monitor flow from atrium to ventricle

· Bicuspid (left) – two flexible cusps, also called mitral valve
· Tricuspid (right) – three flexible cusps

· Structure of Valves

· Connective tissue covered with Endocardium

· Attached to chordae tentinae (collagen cords; also known as heart strings) which attach to..

· Papillary muscles – anchor valves, prevent them from opening in wrong direction

· Semilunar (SL) Valves

· Valves that monitor flow out of ventricle into the body
· Each has 3 pocket-like cusps that are crescent moon shaped
· Aortic – left
· Pulmonary - right
Coronary Circulation – blood from the myocardium
· Heart receives its blood supply from right & left coronary arteries

· Deliver blood only when ventricles relax

· Cardiac veins carry O2 poor blood to coronary sinus, which empties into the right atrium

Cardiac Muscle (figure      )
Characteristics

· Striated, but less dramatic banding patterns than skeletal muscles

· Uses sliding filament mechanism

· Short, fat branching, interconnected cells

· One or sometimes 2 nuclei

· Adjacent cells joined by intercalated discs (inserted) 

· Desmosomes – prevent cell separation

· Gap Junctions – ions can move from cell to cell, passing on depolarizing current (heart behaves as a single unit: functional syncytium)

· Sacrolemma – plasma membrane surface of muscle fibers

Energy Requirements:

· Cells have lots of mitochondria

· Almost exclusively aerobic respiration

· Very resistant to fatigue

· Very adaptable

· Switch metabolic pathways to use any available nutrients

Mechanisms & Events of Contradiction

1. Contraction triggered by an AP that sweep across cell membranes

e. Some fibers are autorhythmic (depolarize spontaneously)

f. Most fibers are contractile (pumping action of the heart

2. Events

a. influx of Na+ from extracellular fluid causes a depolarization, voltage-regulated fast sodium channels open (AP) in a positive feedback loop

a. short permeability time

b. depolarization transmitted down T-tubles , SR (sacroplasmic reticulum = equivalent to endoplasmic reticulum) releases Ca+2 to sacroplasm (nonfibrillar cytoplasm of muscle fiber)

c. Ca+2 produces signal (troponin binding) for cross bridge activation-depolarization of myofilaments (filaments that constitute myofibers: actin & myosin)

3. Some differences from Skeletal Muscles

a. All or none law applies at organ level (heart contracts as a unit, or not at all)

b. Automaticity or autorhythmicity – some cells initiate their own depolarization & then excite rest 
c. Absolute refractory period (inexcitable period when Na2+ channels are inactive open or close) much longer than skeletal

a. Prevents tetanic contractions that would hinder pumping

II. Heart Physiology

· Intrinsic (doesn’t depend on nervous system) conduction system (sets basic rhythm)

· Autorhythmic cells (figure         )
· Noncontractile, specialized to initiate & distribute impulses

· Have unstable resting potential that continuously depolarizes 
· Spontaneously charging membrane potential are pacemaker potentials

· Initiate APs that spread throughout heart

· Mechanisms are not precisely known – probably from gradually reduced K+ permeability 

· K+ stops flow out; Na+ permeability is unchanged so continues to diffuse in

· Interior of membrane becomes less negative until threshold reached and fast Ca+2  channels open (triggered AP)

· Repolarization occurs and cycle begins again

· Located in (Sites of autorhythmic cardiac cells)

· Sinoatrial (SA) node

· Atrioventricular (AV) node

· Atrioventricular bundle

· Right and left bundle branches

· Purkinje fibers

Sequence of Excitation – CD ROM activity

1. SA node - pacemaker

a. In right atrium

b. Generates impulses ~ 75 times/min

c. Pacemaker-determines heart rate 

d. Influenced by neural & hormonal factors

2. AV node (atrioventricular)

a. Depolarization spreads here from SA node

b. Impulse delayed to allow atria to finish contracting (0.1 sec)

c. Impulse passes to rest of system

3. AV bundle – Interventricular septum

a. Only electrical connection between atria & ventricles (no gap junctions)

b. Fibrous skeleton insulates – balances of AV junctions

4. Right and left bundle branches 

a. Along the Interventricular septum toward the apex of the heart

5. Purkinje fibers

a. Ventricular contractions occur

b. Penetrate the apex of the heart

Extrinsic Innervation (modifies rhythm) – CD ROM activity

· Sympathetic – increases rate & force of heartbeat

· Parasympathetic – slows heart best

Cardiac Cycle (fig.     )

· About 8 sec, 1 atrial contractions, 3 ventricle contractions, 4 quiescent period

· All events associated with blood flow during one complete heartbeat

· Systole – is contraction of the ventricles/atria

· Diastole – is relaxation of the ventricles/atria

· Events (refer only the ventricles)

· Mid-to-late diastole

· Blood flows passively through atria & open AV valves into ventricles

· Atria contract (atria systole), pumping blood ventricles

· Ventricular systole

· Ventricle contracts

· AV valves close, Semilunar valves open

· Atria are refilling

· Early diastole

· Semilunar valve close

· AV valve opens – back to the beginning

· Heart Sounds

· Described as lub-dup

· Lub – AV valves close

· Dup – SL valves close

Cardiac Output

· Amount of blood pumped out by each ventricle in one minute

· Product of heart rate (beats/min) and stroke volume (volume of blood pumped out by each ventricle with one beat

CO (ml/min) = HR (beats/min) X SV (ml/beat)

Normal resting values:





= 75 X 70





= 5250 ml/min





= 5.25 L/min (entire blood supply)

· CO varies directly with HR & SV

· CO responds to special demands

· Maximal CO called cardiac reserve

· Athletic people – 7 x increase

· Non-athletic people – 4-5 x

· Regulation of stroke volume

· At rest the heart pumps out 60% of blood in its chambers

· If muscle stretches more before it contracts, the greater the force of the contraction (Frank-Starling Law) (Increased venous return (preload)

· Contractility  (increase in strength of contraction) enhanced Ca2+ influx (sympathetic stimulation, hormones; epinephrine, glucagons, thyroxine)

· High pressure in arteries (afterload) must be overcome to pump blood out in people with high blood pressure ventricles have reduced ability to pump blood out due to pressure on Semilunar valves

· Regulation of heart rate

· ANS – Autonomic Nervous System Regulation

· The most important extrinsic controls on heart rate

· SNS - sympathetic

· Activated by emotional or physical stressors  

· Norepinephrine causes HR to increase & enhances contractility

· PNS – parasympathetic

· Can be affected by extreme depression

· Acetylcholine (opens K channels) slows HR

· Chemical regulation

· Epinephrine 

· Produced by adrenal medulla in response to SNS

· Has same effects as norepinephrine

· Thyroxine enhances effect of epin. & norepin. 

· Ions 

· Low Ca2+ depresses HR, excess or too low

· Na+ or K+ interfere with contraction mechanism:

· Decrease in Ca2+ lowers HR

· Increase in Ca2+ 
· Increase in Na+ inhibits Ca2+ & decreases HR

· Increase in K+ lowers resting potential & decreases HR

· Decrease K+ in leads to feeble beating, abnormal rhythms 
· Other factors

· Age gender, exercise, body temp

Study Questions – The Heart
Anatomy of the Human heart (Lab 30; fig 1,2,3,4,7)

· What are the layers of the pericardium?

· What does the pericardial layer contain, what’s its function?

· What is the myocardium made up of?

· What are the chambers of the heart? 

· What is the pathway of blood through heart?

· What is the function of the fibrous skeleton?

· What is the function of heart valves?

· What sounds are associated closing?

· What arteries supply blood to the heart?

· Cardiac muscle make up 

· What events are involved in contraction?

· What are the differences between cardiac and skeletal muscles?

Cardiac Output/Cycle

· Determine Cardiac Output with heart rate and stroke volume

· What factors effect heart rate

· What factors effect stroke volume

· What parts of the nervous system control CO

· Define systole and diastole

· Follow heart flow through heart during cycle 

· Associate action with step in cycle

Lab 34 – Cardiovascular System

· How did stimulation of heart and vagus nerve differ, what happened in each

· How does temperature of ringers effect heart rate

· Be able to label the graph of heart rate (atrial systole, ventricular systole, ventricular diastole)

· How did the following effect heart rate (pilocarpine, atropine, epinephrine, digitalis, specific ions)

· Why did they cause that reaction? What do each effect

Blood Vessels

 I Basic Structures

· Arteries

· Capillaries

· Veins

· Vascular Anastomoses

II Physiology of Circulation

· Definitions 

· Systemic Blood Pressure

· Maintaining Blood Pressure

· Tissue Perfusion

________________________________________________________________

Basic Structure

· 3 tunics surrounding – lumen (Fig       )
· Tunica intima (or interna)

· endothelium – slick surface reduces friction

· subendothelium – loose connective tissue

· Tunica media

· smooth muscle & elastin sheets

· regulate circulation by vasoconstriction or vasodilation (controlled by SNS)

· Tunica adventitia (or externa)

· collagen fibers protect vessel & anchor it to other structures

· lots of nerve fibers & lymphatic vessels, & network of small vessels to nourish outer layers (inner layers get nutrients from blood in lumen)

Arteries

· Carry blood away from heart, withstand high pressure

· Most tissues receive blood from more than one artery

· Three Groups

· Elastic arteries (also called conducting) – ex: Aorta & major branches

· Largest in diameter

· Lots of elastin allows expansion & recoil (keeps the blood moving)
· Has smooth muscle, but inactive

· Muscular arteries - deliver blood to specific body organs

· 0.3 mm to 1 cm in diameter

· More smooth muscle, less elastin

· Active in vasoconstriction

· Arterioles

· Diameter 0.3mm to 10um (smallest arteries)

· Larger ones have all three tunics

· Smaller ones have smooth muscle surrounding endothelium

Capillaries

· Smallest vessels, thin tunica intima only

· Near all cells; varying distribution based on need

· Muscles have more extensive networks

· Epithelia and cartilage lack capillaries

· Length is 1mm, lumen 8-10um, just enough for 1 RBC to fit single file

· Types (fig          )
· Continuous (most common type)

· Tight junctions - intercellular clefts for fluids & small solutes to pass

· Fenestrated

· Some cells have pores covered with a thin membrane

· Greater permeability to fluids & solutes

· Where absorption or filtration needed (small intestine, endocrine glands, kidney)

· Sinusoidal

· Very “leaky” with fenestrations, large intercellular clefts

· Allow large molecular to pass

· Found in liver, bone marrow, lymphoid tissues, some endocrine glands

· Pericytes – structural/supporting cells in capillary

Capillary Beds (fig.         )
· Networks of capillaries that feed tissuesParts

· Terminal arteriole feeds bed

· Metarteriole – a structurally intermediate between arteriole & capil.

· True capillaries – have precapillary sphincters that regulate blood flow

· Thoroughfare channel – intermediate between capillary & venule

· Postcapillary venule

Venous System

· Blood is carried from the capillary beds toward the heart by veins

· Venules – 

· Smallest are mostly endothelium so only larger ones have 3 tunics

· Very porous so fluid & WBCs can move easily across membrane

· Veins - Low pressure system (still has 3 tunics)
· Lumens larger & walls are thinner than corresponding arteries


· Not much smooth muscle or elastin

· Venous Valves (folds of tunica intima) - prevent backflow due to gravity (limbs)

· Venous sinuses

· Specialized, flattened veins with endothelium only

· Receive blood draining from certain areas of body (brain, heart: coronary sinus)

· Vascular anastomoses

· Where vascular vessels unite

· Arterial anastomoses (where blood vessels join together) provide alternate pathways

· If a vessel damaged, area still received blood

· Common around organs & joints - blood temporarily cut off due to movement

· Arteriovenous anastomoses are capillary beds (metarteriole – thoroughfare shunts)

· Venous anastomoses - very common throughout body

Physiology of Circulation

Definitions

· Blood Flow - volume flowing through a vessel, organ (or entire body) in a period of time (ml/mm)

· Blood pressure - force per unit area exerted on wall of a vessel by the blood it contains (mmHg)

· Systemic arterial pressure in largest arteries near heart (unless specified)

· Difference in pressure w/in vascular system is driving force to keeps blood moving

· Resistance – Peripheral resistance

· Amount of friction blood encounters as it passes through vessels (peripheral resistance) 

· Sources of resistance:

· Blood viscosity – thickness or stickiness

· Caused by increase or decrease in RBCs (anemia)

· Total blood vessel length – longer vessels – more resistance

· Blood vessel diameter – larger lumen – less resistance 

· Varies inversely w/4th power vessel radius

Blood Flow =  difference in blood pressure (btwn 2 points in the circulation)





*peripheral resistance*

Systemic blood pressure (fig     )

· Blood moves from higher to lower pressure areas

· Closer to the pump the greater the pressure

· Pump generates flow

· Pressure results when flow is opposed by resistance

Arterial blood pressure

· Can tell you about:
1. How much stretch is in arteries
2. Volume of blood forced into them
· Peaks in pressure:

1. Systole pressure – peak pressure 120 mmHg

2. Diastole pressure – lowest pressure 70-80 mmHg

3. Pulse pressure  - difference between systolic & diastolic 

Capillary BP - about 40 mmHg as blood reaches capillary beds & 20 mmHg as it leaves
· High pressure would destroy vessels

· Pressure forces fluids out of vessels 

· Distribution of nutrients & gases to tissues

Venous BP 

· Low, changes little

· Too low for adequate venous return 

· Factors aiding venous return

1. Respiratory pump 

· During breathing blood sucked upward toward heat 

· Abdominal pressure increases, squeezing blood through veins

· Thoracic pressure decreases allowing blood flow back to heart

2. Muscular pump  (fig.       )
· Skeletal muscles squeeze veins & help return blood to heart

· Standing jobs = swollen ankle because blood clots at feet

Maintaining BP (fig       )
BP = CO X PR

CO = HR x SV

PR = Peripheral Resistance

CO = Cardiac Output

HR = Heart Rate

· SNS (sympathetic nervous system) = Cardioacceleratory center

· Contractility – can enhance stroke volume by increase in K (Acetylcholine)

SV = Stroke Volume

· Correlated with force of ventricular contraction

· ANS (Autonomic) ( medulla ( PNS (parasympathetic)

· Cardioinhibitory center – controlled by stress

During resting condition heart rate is controlled by venous return (EDV - ESV)

EDV = End Diastolic Volume ( blood that collects during diastole

ESV = End Systolic Volume ( volume of blood remaining in ventricle after contraction

Short Term Mechanisms

Neural controls

· Neural controls of peripheral resistance are directed at 2 main goals

· Alter blood distribution to respond to specific demands (exercise)

· Maintain adequate MAP by altering blood diameter 

· Mean systemic Arterial blood Pressure

· Force needed to push blood to tissues

· Vasomotor center (oversees changes in blood vessel diameter here)

· Medulla, SNS (part of cardiovascular center) 

· Vasomotor fibers control vessel diameter 

· Most important – arterioles

· Maintains vasomotor tone 

· Constant state of moderate constriction

· Increase in SNS activity ( vasoconstriction ( increase BP

· Baroreceptor – initiated reflexes (fig.         )
· Specialized pressure sensing receptors in carotid sinuses, aortic arch, large arteries of neck & thorax

· Stretch from high BP inhibits vasomotor center, vasodilation occurs 

· PR reduced in arterioles, blood shifts to venous reservoir & decreases venous return

· Important for short term (acute) changes in pressure

· Chemoreceptors - initiated reflexes

· In carotid aortic arch & large arteries of neck

· Responds to drops in blood pH/O2 or rise in blood CO2 by stimulating vasomotor center

· Rising BP spreads return of blood to heart & lungs (picks up O2  & leaves CO2
Chemical Controls

· Adrenal medulla hormones

· Made in adrenal gland

· NorEpi – vasoconstriction

· Epinephrine – increase CO  (due to increase contractility) vasoconstriction

· Atrial natriuretic factors (ANF) – na”tre-u-re-tik

· Hormone produced by atria

· Causes decline of BV & BP (Kidneys excrete more Na+ & H2O

· Leads to vasodilatation

· ADH – Antidiuretic hormone

· Made in hypothalamus

· Stimulates kidneys to conserve H2O

· High amounts cause vasoconstriction

· Helps restore BP when it falls below normal

· Angiotensin II

· Made in response to rennin released by kidneys

· Vasoconstriction, also stimulates aldosterone

· Endothelium derived factors

· Vasoconstrictive chemicals released in response to low blood flow

· Ex: Nitric oxide- causes major vasodilation when high blood flow

· Alcohol

· Causes drop in BP due to the inhibition of ADH release

· This is why people look flushed

· Inflammatory chemicals

· Histamine, kinins

· Vasodilation, promote, fluid loss by increasing permeability

Long term – Renal Regulation (fig                )
· Kidneys restore & maintain BP by regulating blood volume

· Direct action

· When BV rises, kidney filters fluid faster – more H2O lost in urine 

· When BV low, more H2O reabsorbed

· Indirect

· Renin-angiotensin mechanism 

· When BP decreases kidney produces enzyme rennin-angiotensin II (vasocontrictor) forms & stimulates aldosterone (Na+ reabsorption release)

Monitoring Circulatory Efficiency

Vital Signs – BP, pulse, temp, respiratory rate

· Pulse = alternating expansion & recoil of elastic arteries during each cardiac cycle creating a pressure wave

· Pressure points – can stop bleeding if necessary

· Blood Pressure – measures BP in brachial artery

Tissue Perfusion - Blood flow through body tissues
· Important for:

· Delivery of O2 & nutrients to tissues

· Removal of wastes

· Gas exchange w/lungs

· Absorption of nutrients in digestive tract

· Urine formation by kidneys

Each area of body receives appropriate blood flow to meet needs: At rest:
Brain 13%

Heart 4% 
Kidneys 20%

Abdominal organs 24% 

Skeletal muscle 20%

Autoregulation – 

· Local blood flow regulation

· Automatic adjustment of flow to each tissue according to its requirements

· Organs regulate their own blood by varying the resistance of arterioles by:

1. Metabolic controls 

a. Low levels of nutrients & O2 trigger vasodilation

b. Relaxation of precapillary sphincters (flow controls)

2. Myogenic controls

a. Changes in BP & volume ( stimulate smooth muscles

b. Vascular smooth muscle responds to stretch (from increase pressure) by vasoconstriction

c. Reduced stretch promotes vasodilation 

d. Keeps tissue perfusion constant with variation in BP

· Long-term Autoregulation

· Increased flow needed…

· More vessels or existing vessels enlarge
Blood flow through capillaries (fig.         )

· Substances pass between capillaries& tissues by diffusion 

· Nutrients & O2 higher in blood ( tissues
· Wastes higher in tissues ( blood
· Small water soluble molecules pass through clefts & fenestrations (sugars, amino acids)
· Lipid soluble molecules pass through plasma membranes (respiratory gases); liver – proteins = big fenestrations
· Fluid movements
· Direction and amount depend on:
· Hydrostatic pressure (fluid pressing against the vessel wall) pushes fluid out
· Osmotic pressure (large plasma proteins tend to draw H2O into blood)
· Generally;

· Hydrostatic higher in arterial: Fluids go out of blood

· Osmotic pressure higher in venous end: fluids go into blood
Study Questions - Blood Vessels

Anatomy of Blood Vessels (Lab 32; 1,12,15, models with vessels )

· Label the layers (tunics) of arteries and veins 

· Which kind of vessel can withstand high pressure

· Types of arteries 

· Which arteries have more elastin? What is the function of elastin?

· What arteries are important in vasoconstriction

· Identify the arteries that branch out of the aorta and where they go

· Types of capillaries and parts of capillary beds

· Types of veins

· Identify arteries versus veins from picture

· Identify the major veins and where they are located

· Vascular anastomoses

Blood Pressure (Lab 33)

· How do you determine blood pressure in humans

· What sounds do you listen for

· What do those sounds represent

Lymphatic System – vessels, tissue, nodes & organs

I. Vessels

a. Lymphatic capillaries

b. Lymphatic collecting vessels

c. Lymphatic transport

II. Organs and Tissues

a. Cells

b. Tissues

c. Organs

Jobs

· Transport fluids

· Protects body by removing foreign material

· Site of lymphocyte multiplication
Lymphatic vessels (lymphatics)

· Start with vein/artery transfer

· Collect excess from interstitial fluid in tissues (often protein rich) & return it to blood stream

· Lymph (fluid in lymphatics) flows toward heart 

Lymphatic capillaries – blind ended

· Present in all tissues except bone, bone marrow & teeth, CNS

· Very permeable – (fig         )
· Cells not tightly joined (minivalves)

· Fine filaments attached to surrounding tissues causing minivalves to open when interstitial fluid volume increases

· Can take up large particles: debris, microorganisms & cancer cells 

· Lacteals are specialized lymphatics capillaries of intestinal mucosa (receive digested fats as well as other fluids ( chyle)

· Edema – fluid pooling LC not working

· Fibroblasts – fiber cells that make fibers mitotically

Lymphatic collecting vessels (plate 29)

· 3 tunics, but thinner

· Many valves ( help move fluid in 1 direction

· Lymphatic trunks drain large areas of body

· Ducts are largest vessels (fig         )
· Right lymphatic duct = right upper arm & right side of head & thorax

· Cisterna Chyli – lymphatic vessel (sac for collecting)

· Receives lymph from digestive viscera & 2 lumbar trunks

Lymphatic transport  - low pressure system
· Valves, respiratory & muscular pumps, movement of adjacent tissues & smooth muscle of vessels help fluid move

II Tissues & Organs

· Important to the immune system because it:

· Houses lymphocytes

· Furnishes vantage point for lymphocytes & macrophages
Lymphoid Cells

1. Lymphocytes

a. Main fighters in immune system working against antigens

i. Tcells – fight foreign cells

ii. Bcells – release plasma cells that secrete antibodies

b. Arise red bone marrow (mature into T cells and b Cells

2. Macrophages - phagocytes that destroy bacteria, cancer cells, etc

a. Eat up foreign stuff

3. Dendritic Cells - trigger Tcells

4. Reticular Cells - produce Stroma (net)

Lymphoid tissue 
· House lymphocytes

· Surveillance for lymph & macrophages

· Made up of Reticular connective tissue – all but thymus
· Macrophages on fibers

· Lymphocytes in spaces

  Can me in 2 forms

· Diffuse lymphatic tissue – loose make-up, In most organs

· Lymphatic follicles - tightly packed reticular tissue

Lymphoid organs

· Lymph nodes (fig.            )
· Filters lymph  - microorganisms & debris destroyed by macrophages

· Activate immune system

· Structure

· Afferent Tubules ( into

· Capsule – dense fibrous connective tissue

· Trabeculae – connective tissue, divided into compartments

· Cortex – follicles with germinal centers (dividing B cells)

· Medulla – lymphocytes, plasma, macrophages

· Hilus –invert “exit” for lymph

· Efferent ( out of

Bone Marrow

· Both lymphocytes born here

· Bcells mature here

Thymus

· Hormones cause T cells (mature in Thymus) to become immunocompetent

· Active in youth

Tonsils

· Remove pathogens in air & food

· Four 

· Palatine

· Lingual

· Pharyngeal

· Tubal - auditory

Peyer’s Patches

· In small intestine

· A lot on wall of appendix

· Destroy harmful bacteria in intestine

Spleen

· Reticular connective tissue 

· Immune surveillance & response

· Cleans blood: Removes debris bacteria, toxins

· Jobs

· Stores breakdown RBC

· Site of erythrocyte production in fetus

· Stores blood platelets

Study Questions - Lymphatic System (Lab 35)
· What is the function of lymphatic vessels?

· What is the direction of flow in the lymphatic system

· What are the function of minivalves

· Lymph transport info

· What kinds of cell are found in the lymphatic system?

· What kind of connective tissue found in the lymphatic system?

· Structure of lymph nodes
· Know other lymphoid organs & functions
· How does the lymphatic system fit into the cardiovascular system

Immune System Body’s Defenses
First Line - Barriers

A. Skin

B. Mucus Membrane

Second Line – Inflammation

A. Characteristics & mechanisms

Third Line – Immune System

A. Characteristics

B. Parts of Immune System

_____________________________________________________________________________

Overview

2 Systems that provide resistance to disease (immunity; immune = free)

1) Innate (nonspecific)


2) Adaptive defense
Remember – immune system is a function system, not an organ system

Innate (non specific) defenses

· Pathogens – harmful or disease-causing microorganisms)

· Innate works to decrease the workload of the adaptive defense system

External Innate Defenses

· First most important line of defense( keep out ( skin and mucous membrane

· Protective chemicals of both layers

· Acidity of skin secretions (pH 3 to 5) – inhibits bacterial growth & sebum contains chemicals that are toxic to bacteria

· Stomach mucosa secretes a concentrated HCl acid solution & protein-digesting enzymes 

· Saliva (cleans oral cavity & teeth) & lacrimal fluid (washes external eye surfaces) contain lysozyme (lyso- break , -zyme = enzyme) destroys bacteria

· Sticky mucus traps many microorganisms that enter digestive & respiratory passageways

· Skin 

· Keratin – physical barrier to most microorganisms, some acids and bases, bacterial enzymes and toxins, waterproof

· Secretions:

1. Salty - inhibit growth of unwanted bacteria

2. Oily – acid, from glands

· Tough, many layers – stratified squamous epithelial layer

1) Weak spots – pores ( plugged bacteria accumulate (inflammation)

2) Break skin – germs enter ( inflammation

3) Burn – underlying tissues susceptible to infection

· Immune system cells in skin – specialized cells to fight infection

· Mucous membrane

· Inner extension of skin

· General Function:

1. Secretion (differs with membrane)

2. Absorption (GI tract)

· Upper respiratory tract/ lower lungs

· Nose ( nasopharynx ( trachea ( bronchi ( bronchiole ( lungs

· Nose filters & warms air, traps bacteria - mucus traps & washes germs

· Immune system antibodies fight infection

· Simple columnar cells lining respiratory tract (lungs)

· Secrete mucus (goblet cells), cilia keep mucus moving (trapped bacteria)

· GI tract

· Mouth (oral cavity) ( bathed in saliva (Lysozyme – enzyme that destroys bacteria; digestive juices/mucus traps & washes away germs/antibodies) ( esophagus (mucus, saliva) ( stomach (very acidic/few germs can live)

· One of the most “germy” parts of the body

· Small intestines

· Secretions for digestion

· Mucus & antibodies - prevent accumulation of germs, harmful germs enter

· Defenses are weak in children & elderly, HIV+ 

· Genitourinary tract (GU)

· Urethra - 3-4 inches long in males & 1.5 inches long females – bacteria enters bladder more easily, more infections

· At outermost portion, bacteria live lined with mucus, urine helps remove
· Bladder – mucus lining

· Vagina – heavy mucus wall

· Lined with mucus, acidic secretions generally protects against infections 

· Gonorrhea penetrates barrier in vagina & urethra

Internal Innate Defenses – Cells and Chemicals Second line of defense:

· Identify potentially harmful substances by recognizing surface carbohydrates unique to infectious organisms (bacteria, virus and fungi)

· Phagocytes

· Monocytes (WBCs) leave bloodstream and enter tissues, then enlarge and develop into Macrophages
· Free Macrophages – alveolar macrophages in lungs

· Wander around looking for invaders & debris

· Kupffer cells (fixed macrophages) – liver and brain microglia, permanent residents of particular organs

· Other WBCs

· Neutrophils – can become phagocytic if needed

· Eosinophils – weakly phagocytic, mainly for parasitic worms

· Mast Cells 

· More associated with allergies, can bind with and ingest bacteria

· Mechanisms (fig 22.1)

· Microbe adheres to phagocyte

· Phagocyte forms pseudopods to engulf microbs

· Binds with lysosome (phagolysosome) - lysosome breaks it apart

· Opsonization 

· complement proteins and antibodies coat foreign particles to make them tasty & provides handles for phagocyte

· Pnuemococcus  

· Has capsule around microbe, hard to hold

· Respiratory burst 
· Release free radicals (nitric oxide) that occurs if a pathogen (tuberculosis bacteria) multiplies in macrophage  

· Defensins  - antibodic-like chemical produced by neutrophils 

· Cause a more widespread & through cleaning of cells by releasing oxidizing chemicals & substances like bleach

· Neutrophils get destroyed in the process

· Natural Killer Cells (NK)

· Police body in blood and lymph

· Can lyse and kill cancer cells and virus infected body cells w/o immune system 

· Large granular lymphocytes – not picky

· Can recognize cancerous & infected cells by surface sugars

· Attack cell membrane and release cyolytic chemicals (perforins) destroying nucleus 

· Also enhance inflammatory response

Important when breaks in barrier occur

· Inflammation starts with tissue injury

· Prevents the spread of damaging agents to nearby tissues

· Disposes of cell debris & pathogens

· Sets the stage for repair process

· 4 signs of inflammation

· Redness, heat, swelling, pain

· Vasodilation and Increased Vascular Permeability

· Toll-like receptors –surface membrane receptors on macrophages that begin alarm 
· Trigger release of cytokines & attract WBCs

· Flood of chemicals into extracellular space 

· Inflammation mediators - Cause small blood vessels in injured tissue to dilate

· Histamines – 

· Vasodilator, increase permeability, increase exudates

· Kinins – Like histamine

· Induce chemotaxis of leucocytes, prompts neutrophils to release lysosomal enzymes

· Prostaglandins

· Sensitize blood vessels to effects of other inflammatory mediators, releases free radicals ( inflammation

· Complement

· Lyses microorganisms

· Cytokines

· Killer cells

· Hyperemia – congestions of blood ( redness & heat

· Exudate – fluid w/clotting factors & antibodies seep from blood into tissue spaces

· Edema ( pain ( also from release of bacterial toxins, lack of nutrition to cells

· Help to dilute harmful substances that may be present 

· Brings in large quantities of oxygen & nutrients needed for repair

· Allows entry of clotting proteins ( form a fibrin mesh

· B-defensins – broad spectrum antibiotic-like chemicals continually present in epithelial mucosal cells ( if broken, more are released

· Phagocyte Mobilization – (fig          )

· Leokocytosis-inducing factors 

· Released by injured cells promote rapid release of neutrophils from red bone marrow (increase 4-5x)

· Margination – Selectins provides foot hold for neutrophils in blood vessel

· Selectins are CAMs (cell adhesion molecules)

· Diapedsis (emigration)  

· Neutrophils to squeeze through capillary walls

· Chemotaxis  

· Inflammatory chemicals pulls neutrophils to injury

· Monocytes follow neutro[phils into the area 8-12hrs later, they are macrophages

· Pus – mixture of dead and dying neutrophils

Antimicrobial Proteins

· Interferon – Antiviral

· Viruses are essential acids surrounded by a protein coat

· Lack ability to generate ATP or synthesize proteins

· Damage tissue cells & use their machinery

· IFNs – small proteins that protect cells that have yet to be infected

· Interfere with protein synthesis & viral replication

· Complement

· At least 20 proteins that normally circulate in the blood in an inactive state

· When activated, enhance inflammatory process & kill bacteria

· Fever

· Systemic response to an invading microorganism

· Pyrogens – secreted by leukocytes & macrophages exposed to bacteria & foreign substances

· Remember heat can denature proteins (enzymes)

· Inflammation is a localized response

Immune System

Third line of defense: Adaptive Immune System (functional- recognizes foreign bodies)

· Response is delayed 

· 7 –14 days takes time for immune system cells (lymphocytes) to adjust to invader (germs) & mobilize (get an army of cells to act)

· Specific 

· A special group of lymphocytes act each time a new germ acts into the body
· Shot for disease (like measles) – you are immune to measles germ but not to TB germs (different diseases need a new set of cells)
· Has a memory

· Each set of lymphocytes, activated by a specific germ, multiplies into a large memory bank of similar cells which live in lymph nodes (& other lymphatic tissues)
Antigens (Ags)

· Substances that can mobilize the immune system & provoke an immune response

· Ultimate target of immune system

· Means antibody generating

· Complete Antigens & Haptens – 2 main functions

· Immunogenciity

· Ability to stimulate proliferation of specific lymphocytes & antibody production

· Reactivity

· Ability to react with the products of these reactions with the activated lymphocytes & antibodies

· Hapten – incomplete antigens 

· Small molecules (peptides, nucleotides, hormones)

· Allergies – when small molecules join together with proteins in body & body has a hard time recognizing the combination
· Antigenic Determinants

· Parts of a molecule that are immunogenic - recognizable
· Self-Antigens:MHC Proteins

· Our cells have ID labels on them
· MHC (Major Histocompatibility complex) – Glycoproteins that identify “Self” ​

· Class I – all cells

· Class II – certain cells that act in immune responses

Cells of the Adaptive Immune System:
· Lymphocytes 
· 2 Types

· B cells – humoral immunity

· T cells – non-antibody producing/cell mediated immunity

· All originate in red bone marrow, type is determined by maturing locale (fig 22.8)

· Primary lymphoid organs – bone marrow & thymus

· Secondary lymphoid organs – all others

· Immunocompetent – able to recognize a specific antigen by binding to it

· T Cells (fig       )
· 2-3 day training in thymus, only the strong survive

· Self tolerance – relative unresponsiveness to self-antigens

· B Cells 

· Stay in bone marrow
· Antigen presenting cells (APCs)
· Engulf foreign particles and present fragments to signal other cells

· Major types

· Dendritic cells – interstitial cells

· Langerhans’ cells – in skin

· Macrophages

· Activated B lymphocytes

· Don’t respond to specific antigens

Two Arms of the Immune System

I. Humoral Arm

· Antibodies in plasma, lymph, mucus secretions, other secretions (saliva, breast milk)

· Antibodies are complex chemicals secreted by lymphocytes (B cells)

· Made in bone marrow, mature in lymph nodes

· Y bind to antigen (part of surface of germs – a unique protein)

· When antigen binds to antibody on B cell

· B cell is activated & clones

· Two kinds of clones:

· Retain memory, resides in lymph nodes

· Secretes millions of antibodies 

· Free antibodies float in body, attack germs

· Antibodies bind to bacteria or to toxins (antigens)

· Antibodies bind or neutralize antigen 

· Macrophages can grab onto a bunch of antigens

· Only some antigens will trigger antibody production by themselves, others need cellular arm

II. Cellular (cell mediated) arm

· Direct cell action (lymphocytes)

· Bone marrow constantly makes lymphocytes 

· Some go to thymus, then to lymph nodes (T cells)

· In thymus

· T cells programmed to attach certain antigens 

· Very complex antigens – yeast cells, cancer cells, virus infected cells

T helper 
( Tells B cells to reproduce 





Free antibody binds virus & neutralize

( Tells killer T to make clones, bind to virus infected cells, releases 

perforin, which breaks up infected cell 

Types of T cells

T helper 

· B cell relationship macrophage tries to digest pathogen 

· Presents antigen an its cell surface 

· Presents to T cell 

· Macrophage now called APC – antigen presenting cell

· HIV infects T helper cell

Cytotoxic T cells (killer T cells) - directly attack and kill cell

Supressor T cells - help to stop process

Delayed-type hypersensivity cells - promote allergic reactions

Gamma delta T cells - similar to NK cells

Study Questions - Immune System
· What are the three lines of defense

· How does skin and mucus membrane form a barrier

· Where do you find mucus membrane and how does it work

· What causes inflammation

· What are the main mediators

· How do neutrophils work

· How is the immune system different?

· What are the two arms of the immune system

· Where are antibodies made

· What are the different types of T cells?

· How do T helpers work

· What are T killer cells, etc.

· What is APC

Respiratory System

Respiration System 

1. Functions

2. Organs

a. Nose & Paranasal sinuses

b. Pharynx

c. Trachea

d. Bronchi

e. Lungs & Pleural Coverings

________________________________________________________________

Respiration System - supplies body with oxygen & dispose of carbon dioxide

Respiration is a collection of at least four functions:

1. Pulmonary ventilation (or just breathing) – movement of air into and out of the lungs so that the gases in the air sacs (alveoli) of the lungs are continuously changes and refreshed. 
2. External respiration  - gas exchange (oxygen loading and carbon dioxide unloading) between the blood and the air-filled chambers of the lungs.
3. Transport of respiration gases – transport of oxygen and carbon dioxide between the lungs and tissue cells of the body. This is accomplished by the cardiovascular system, which uses blood as the transporting fluid.
4. Internal respiration – gas exchanges (oxygen unloading and carbon dioxide loading) between the systemic blood and tissue cells.
* First 2 are respiration system, but can’t work without 3 & 4

Functional Anatomy – 2 zones

1. Respiratory zone – site of gas exchange

2. Conducting zone – respiratory passageways, cleans & warms air

Organs of the Respiratory system (fig      )

A. Nose (fig        )
Functions:
1. provides airway

2. moistens & warms air

3. filters & cleans air

4. resonating chamber for speech

5. houses olfactory receptors

External Nose parts

1. bone (nasal & maxillae)

2. cartilage

3. nostrils (nares)

Nasal Cavity

1. air enters by external nares (nostrils)

2. divided by nasal septum (septal cartilage); posteriorly by vomer bone; perpendicular plate of  ethmoid bone

3. internal nares connect to pharynx

4. vestibule – part of the nasal cavity just superior to the nostrils

a. lined with sebaceous & sweat glands

5. vibrissae – hairs that filter coarse particles from air

6. olfactory mucosa – smell receptors (superior portion of cavity)

7. respiratory mucosa

a. pseudostratified cilated columnar epithelium

b. mucous glands – traps bacteria & debris, cilia move to throat to be swallowed & digested

c. serous glands –secrete lysozyme to destroy bacteria

d. epithelial cells secrete definsins – natural antibiotic

8. vascular plexus – under epithelium, warms air

9. conchae – projections, increase surface area of mucosa

a. groove inferior to conchae is meatus

10. sensory nerve endings – irritation causes sneeze

Paranasal Sinus

1. spaces in frontal, sphenoid, ethmoid & maxillae

2. functions:

a. lightens skull

b. warms & moistens air (lined with mucosa)

B. Pharynx (throat; fig         )

Nasopharynx

· posterior to nasal cavity

· air passageway

· during swallowing uvula closes off nasopharynx

· ciliated pseudostratified columnar epithelium

· pharyngeal tonsils (adenoids) in posterior walls

Oropharynx

· posterior to oral cavity

· passageway for air and food

· stratified squamous epithelium – protection from friction & chemicals in food

· palatine tonsils & lingual tonsil

Laryngopharynx

· just posterior to epiglottis

· air & food

· stratified squamous epithelium

C. Larynx (voice box; fig         )

Functions:

1. provide open airway

2. routes air & food

3. used in voice production

Anatomy

1. 9 cartilages connected by ligaments & membranes

a. all hyaline except epiglottis

2. epiglottis (means above the glottis) is elastic cartilage (more flexible)

3. during swallowing it covers trachea to prevent food from entering

4. vocal folds (cords) are elastic fibers running between cartilages under mucosa

a. vibrate as air passes through glottis (opening between folds)

Voice Production - length & tension of vocal folds determine sound produced as air moves through glottis

D. Trachea (windpipe;  fig        )

3 layers 

1. mucosa – similar to rest of respiratory tract

a. cilia propel mucus upward

2. submucosa - connective tissue layer with seromucous glands

3. adventitia - connective tissue reinforced by rings of hyaline cartilage attached to perchondrium (fibrous tissue outside cartilage)

a. cartilage keeps trachea open

· trachealis muscle – decreases diameter of trachea moving air to leave away from lungs with greater force

E. Bronchial tree (fig           )

Parts of tree – still part of the conducting zone

1. primary bronchi – first 2 branches

2. secondary bronchi – branches supply each lobe of lung

3. tertiary bronchi – further branches

4. bronchioles – passageway <1mm

a. terminal bronchioles are the smallest

Walls of bronchi – changes that occur as tubes become smaller

1. past primary bronchi cartilage rings are replaced with irregular plates (at bronchioles, no cartilage present), whole tree surrounded w/elastic fibers

2. epithelium changes to columnar & cuboidal in terminal bronchioles (no cilia – macrophages take on role of removing debris)

3. smooth muscle increases along the tree

Respiratory Side of Bronchial Tree

1. respiratory bronchioles lead to alveolar ducts & alveolar sacs (like a bunch of grapes; fig      )

2. Walls of the alveoli - respiratory membrane (fig        )

a. single layer of squamous epithelial cells (type I cells) with thin basal lamina

i. type I cells primary source of ACE (angiotensin converting enzyme) which helps regulate blood pressure

b. external surface is covered with a “web” of pulmonary capillaries

i. capillary walls fuse with alveolar walls to form membrane

c. scattered cuboidal (type II) cells secrete surfactant (reduces surface tension of alveolar fluid)

d. alveolar pores equalize air pressure throughout lung & provide alternate pathways to alveoli with damaged bronchioles

e. alveolar macrophages help to destroy pathogenic microorganism

E. Lungs

Main Aspects of the Lungs

· 3 lobes on right

· separated by oblique & horizontal fissures

· 2 lobes on left 

· which is smaller due to cardiac notch where the heart sits

· only oblique fissures

· most of the thoracic cavity, except the mediastinum (heart & other organs)

· main parts 

· apex – top

· base – bottom

· hilus – on medial surface of each lung is this indentation, where blood vessels of the pulmonary & systemic circulation leave the lungs via hilus

· pulmonary arteries posterior to bronchi, branch into pulmonary capillaries (pick up oxygen)

· pulmonary veins carry blood back to the heart

· bronchial arteries supply systemic blood to lung tissue (except alveoli) from aorta

· innervated by sympathetic and parasympathetic fibers

· enter at pulmonary plexus

· pleura

· double layered serosa

· parietal layer covers thoracic wall & face of diaphragm 

· visceral layer covers lung surface

· Pleural cavity contains serous fluid (lower friction during breathing movements)

Mechanisms of Breathing

Pressure in Thoracic Cavity

1. Intrapulmonary

2. Intrapleural

Pulmonary Ventilation

1. Inspiration

2. Expiration

3. Influencing Factors

Pressure Relationship in Thoracic Cavity (fig       )

Respiratory pressure is described relative to atmospheric pressure 

1. “0” respiratory = atm pressure (sea level = 760 mmHg)

2. + Values are higher than atm, - values are less than atm pressure

a. + 4 means 4 mmHg above atm pressure

Intrapulmonary Pressure

1. Pressure in alveoli

a. Changes with phases of breathing

b. Always eventually equalizes with atm pressure (0)

Intrapleural Pressure

1. Pressure within pleural cavity

a. Changes with phases of breathing

b. Always ~ 4 mmHg less than intrapulmonary

2. Negative pressure to both atm & intrapulmonary pressure

a. Two forces act to pull the lungs (visceral pleura) away from the thorax wall (parietal pleura) and to cause lungs to collapse

i. Lungs tend to recoil due to elasticity (try to assume smallest size possible)

ii. Surface tension of the alveolar fluid in alveoli pulls alveoli to smallest size possible

b. One force opposes

i. Elasticity of chest wall (thoracic cage) pulls thorax outward to enlarge lungs

c. Same idea as a drop of water between slides

i. Water = pleural fluid between parietal and visceral pleura

3. Negative pressure critical to lung function

a. Intrapleural pressure = intrapulmonary pressure, lungs collapse (transpulmonary pressure)

Pulmonary Ventilation: Inspiration and Expiration (fig       )

Pulmonary Ventilation (breathing) mechanical process, depends on volume changes of thoracic cavity 

1. Change in volume ( change in pressure ( flow of gases equalize press

Inspiration (individual overheads)

1. Action of Diaphragm

a. Contraction of diaphragm –flattens out & moves inferiorly

b. Height of thoracic cavity increase

2. Action of intercostals muscles (muscles between ribs)

a. Expand the diameter of the thorax ( lungs stretch

b. Increases volume in thorax and therefore decreases pressure 

c. Air flows in to equalize pressure

Expiration

1. Depends mostly on elasticity of lungs (passive) not so much on muscles

2. Inspiratory muscles relax ( lungs recoil

a. Volume of thorax decreases ( pressure in thorax increases

3. When Palv > P atm, pressure gradient forces gases out

Forced Exhalation

1. Contraction of abdominal wall muscles (obliques & transverses muscles)

a. Increase intra-abdominal pressure - forces abdominal organs superiorly to diaphragm

b. Depress the rib cage = Decreasing thoracic volume

Influencing factors

1. Air passageway resistance (size of airway)

a. No significant effects generally 

i. Large airways have little resistance 

ii. There are many smaller airways with large total area

b. Neural controls have significant effects- 

i. Parasympathetic activated by irritants 

1. Increase resistance, decrease gas flow

ii. Sympath activation decreases resistance & increases flow

2. Lung Compliance  - ability of lungs to expand (distensibility)

a. Decreases when: 

i. Elastic tissue lost (TB)

ii. Respiration passages blocked, 

iii. Surface tension of alveolar fluid increases due to less surfactant, 

iv. Thoracic cage becomes less flexible

3. Alveolar surface tension

a. Water molecules attract each other, not the gas 

b. Addition of surfactant decreases the attraction (surface tension decreases) and lets lungs expand more

Gas Exchanges – Between Blood, Lungs and Tissues (fig         )
External Respiration – important influences

· Oxygen enters and carbon dioxide leaves the blood in the lungs

· Factors involved in gas movement:

· Partial pressure gradients and gas solubilities

· PO2 (pressure of O2) always higher in alveoli

· PCO2 (pressure of CO2) always higher in blood

· Functional aspects, such as the matching of alveolar ventilation and pulmonary blood perfusion (fig 23.19)
· Ventilation – amount of gas reaching the alveoli 

· Perfusion – the blood flow in pulmonary capillaries

· Amount of gas reaching alveoli = blood blow in pulmonary capillaries

· Autoregulation

· When PO2 of blood is low (ventilation inadequate) arterioles constrict so blood redirected to areas with better ventilation (high PO2)

· When PO2 high, arterioles dilate allowing more flow to area

· When PCO2 high, bronchioles dilate to allow CO2 to be expelled out quickly

· When PCO2 low, bronchioles constrict

· Structural characteristics of the respiratory membrane 

· Thickness or surface area

· Greater surface area = more efficient gas exchange

· Decreases with emphysema, tumors, inflammation

· Exchange is more efficient in healthy lungs with thin respiratory membrane (0.5 – 1um) 

· Thickens in pneumonia – lungs become waterlogged

Internal Respiration 

· The same gases move in opposite directions by the same mechanism (diffusion)

· PO2 is lower in tissue than in arterial blood (O2 ( tissues)

· PCO2 is always lower in blood than tissues (CO2 ( blood)

Transport of Gases

Association and Disassociation of Oxygen & Hemoglobin

· O2 is carried 

· On Hb (HbO2:oxyhemoglobin, HHb: deoxyhemoglobin) 

· Dissolved in plasma (1.5%)

     HHb + O2 (tissues/lungs( HbO2 + H+
· Binding of one O2 to Hb makes it easier to bind more O2 (shape change in Hb increases affinity for O2) so Hb becomes fully saturated

· Unloading one O2 from Hb makes it easier to unload the rest

· Oxygen-hemoglobin dissociation curve (fig 23.20)

· Relationship between oxygen & hemoglobin unloading

· In arterial blood – 98% saturation

· In venous blood – 75% saturation (tissues can take up more O2 )

· More unloading taking place at steep part of curve

· Influencing factors

· Increase in temp, PCO2, H+ - curves shifts to right (enhances unloading Decrease in these factors causes shift to left (decrease unloading

· BPG is made by RBCS as they make ATP anaerobically

· 2,3 – biophosphoglycerate (BPG)
· Binds to hemoglobin

· As cells use O2, they make CO2 which increases H+ levels (reducing pH)

· More harder working cells, more O2 unloading

· Active tissues produce more heat (they need more O2), also higher T leads to more activity by RBCs & thus more BPG

· Thyroxine, growth hormone, Epi & NE increase RBC activity & BPG levels

CO2 Transported 3 Ways (fig           )

· Dissolved in plasma (7-10%)

· Bound to Hb (20-30%) – carried in RBC

· CO2 + Hb ( ( HbCO2 (carbaminohemoglobin)

· Hemoglobin has an amino acid group

· Bicarbonate in plasma (60-70%)

· At tissues

· Most CO2 in plasma enters RBCs where carbonic anhydrase quickly converts to HCO3- 

· HCO3 diffuse into plasma (Cl- from plasma diffuses into RBCs to balance ion loss – chloride shift)

· At the lungs

· HCO3 ( RBCs, reaction reversed & CO2 diffuses out

Haldane Effect

· Greater ability of Hb to form HbCO2  & to buffer H+ by combining w/it

· Amount CO2 transported in blood effected by degree of oxygenation 

· Lower PO2 & lower Hb saturation allows more CO2 to be carried in blood 

· At tissues

· As more CO2 enters systemic blood more O2 dissociated from Hb (Bohr-effect-shifting curve) , this allows more CO2 to bind to Hb & more HCO3- to form from CO2 (Haldane effect)

· At lungs 

· O2 uptake facilitates release of CO2 and H+ released as HbO2 forms

· H+ combines with HCO3 forming H2CO3 & then CO2to be unloaded from blood

Influence of CO2 on blood pH

CO2 + H2O ( H2CO3- (H+ + HCO3-

1. Carbonic acid – Bicarbonate buffer system 

a. Resists shifts in blood pH by 

i. H+ begins to increase (pH goes down)

1. Excess combines w/HCO3- to make more H2CO3 (weak acid – doesn’t release much H+)

ii. H+ levels drop (pH goes up)

1. H2CO3 dissociates to form more H+

2. Changes in respiratory rate & depth modify blood pH by changing amount of H2CO3 levels

a. Slow, shallow breathing lets CO2 accumulate, pH drops

b. Rapid, deep breathing removes CO2, pH increases

c. Major way of regulating blood pH      
Control of Respiration

Medullary Respiratory Centers (fig        )

· 2 clusters of neurons critical 

· Ventral Respiratory Group (VRG)

· Pacesetting respiratory center (Inspiratory center) – impulses travel on phrenic (goes to diaphragm) & intercostals nerves 

· Cause contraction of respiratory muscles

· Causes typical rate of 12-15 breaths/min (eupnea-normal) 

· Center can be suppressed – alcohol, sleeping pills

· Dorsal Respiratory Group (DRG)

· Contains neurons involved in inspiration and expiration

· Probably mostly involved in forced expiration

Pons Centers (above medulla) 

· Smoothes transition between Inspiration & Expiration –fine tunes

· Pneumotaxicenter (Noo-Mo-Tak-sik)

· Inhibits medulla (limits length of inspiration – no overfilling)

· Apneustic (Ap-noo-stik) center

· Hypothesized to continuously stimulate DRG (holding breath)

Generating Respiratory rhythm

· Inspiratory neurons may be pacemaker neurons or stretch receptors in lungs may influence rhythm

· Most popular theory

· Normal respiratory rhythm is a result of networks in medulla inhibiting each other (reciprocal inhibition)

Factors influencing rate & depth of breathing

· Depth of inspiration determined by frequency of neural stimulation

· Greater frequency of neural stimulation ( greater frequency ( more motor neurons stimulated ( stronger contraction of respiratory muscles

· Rate = how long the DRG is active & how quickly it is switched off

· Irritant reflexes

· Inhaled debris causes reflex constriction of affected air passages, stimulates cough reflex 

· Herring –Breur reflex (Inflation Reflex)

· Stretch receptors in conducting passageways (pleura) inhibit Inspiratory center to protect against excessive stretching

· Higher brain centers

· Hypothalamus - strong emotions & pain activate limbic system (excitement)

· Cortical Controls - Voluntary control (singing), breath holding

· Chemical Factors 

· PCO2 – 

· Central Chemoreceptor (medulla) sense higher levels of H+ from CO2 and pH of cerebrospinal fluid drops, no buffer system

· Leads to hyperventilation ( moves CO2 out of blood fast 

· Depth of breath increases, CO2 levels decrease

· Most important control mechanism during resp

· PO2 

· Peripheral chemoreceptors (aortic bodies & carotid bodies) stimulate respiratory centers

· Only important when arterial PO2 very low (below 60 mmHg)

· Arterial pH – via chemoreceptors

· Changes in arterial pH cause changes in Respiratory Rate even in CO2 & O2 normal levels

· Mainly change in arterial pH due to food metabolic byproducts

· PH decreases respiratory rate & depth increases

· Eliminates more CO2 to raise blood pH
Study Questions - The Respiratory System
· Describe the two zones

· Locate and explain the purpose of the tonsils (ID)

· Functions of the respiratory system

· Functions of the respiratory organs

· Ex: Nose: What are the functions? What are the vibrissae?

· Do this for all the organs; 3 parts of pharynx, trachea, bronchioles, lungs

· Functions of breathing (inspiration vs. expiration)

· Make a chart for each step of ventilation

· Intrapulmonary and intrapleural pressure

· Oxygen transport, saturation, tissue exchange properties

· How do they compare with carbon dioxide transport, etc.

· Oxygen-dissociation curve factors

· Haldane Effect

· Effect of Carbon Dioxide on blood pH

· Neural controls of respiration, respiratory rhythm

· Respiratory membrane (functions and ID parts; fig. 23.9)

· How is the respiratory system related to the cardiovascular system

Anatomy of the respiratory system (Lab 36)

· Figs in text book: 23.1, 23.3, 23.5, 23.7, 23.8, 23.9

· Slides: plates 32, 33, 34

Workings of the Respiratory System (Lab 37)

· Know respiratory volumes (TV, ERV, IRV, RV, VC, TLC)

· Pulmonary function tests: FVC, FEV

· What are the affects of surfactants

· What are the tests for variations in breathing

Digestive System

I. Overview 

II. Digestive Processes

a. 6 Activities

III. Basic Functional Concepts

IV. Arrangement and Structure

V. Blood Supply

VI. Histology of Alimentary Canal

a. 4 tunics

VII. Nervous Plexus

________________________________________________________________

Overview

· Organs – 2 groups

1. Alimentary Canal (gastrointestinal or GI Tract)

· Continuous tube, open at both ends (mouth & anus)

· Digests food – break down into smaller parts
· Absorbs food ( lumen ( blood or lymph
· Mouth ( pharynx ( esophagus ( stomach ( small intestines ( large intestine
2. Accessory Digestive Organs

· Teeth, tongue, gall bladder

· Glands – salivary glands, liver pancreas 
Digestive Processes

· 6 Activities

1) Ingestion – talking in food

2) Propulsion – moving food through alimentary canal

i. Swallowing leads to peristalsis (involuntary) –squeezes food through canal

3) Mechanical Digestion – Physically prepare food for chemical digestion

i. Chewing with teeth

ii. Mixing with saliva by tongue

iii. Mixing in stomach

iv. Segmentation – constrictions mix food with juices & increase absorption rate

4) Chemical digestion

i. Enzymes break down food to more basic components

5) Absorption of monomers
i. Digested food (absorbed into blood or lymph

6) Defecation - elimination of indigestible substances

Basic Functional Concepts

· Regulatory mechanisms act to control conditions in lumen

1. Digestive activity provoked by wide range of stimuli

· Mechano-chemo receptors in GI tract (stretch, solute concentration, pH, presence of food & end  products)

2. Intrinsic controls (local nerve plexus) – “short reflexes”

· GI tract activity in one area influences another area

· Hormones produced by stomach & small intestine cells influence other organs

· Chemical or stretch provoke secretion or contraction

· Extrinsic controls (originate in CHS centers) – “long reflexes”

Arrangements and Structure

· Peritoneum (fig           ) – below diaphragm, serous membrane

a. Visceral – covers most of organs, decrease friction

b. Parietal – walls of abdominopelvic cavity 

c. Peritoneal cavity – serous fluid lubricates organs 

d. Mesentery – connects visceral & parietal layers

i. Blood vessels, lymph vessels, nerves

e. Some organs are retroperintoneal 

i. Parts of small & large & pancreas

ii. Lie behind peritoneum & attach to dorsal abdominal wall

iii. May minimize twisting of tube during peristalses

Blood Supply

1. Splanchnic Circulation - arteries serving digestive organs that branches of celiac trunk

a. Hepatic portal circulation ( veins to liver

i. Venous blood draining digestive organs goes to liver first for processing/storage

Histology of Alimentary Canal (4 tunics) 
1. Mucosa

a. Functions 

i. Secretion - mucus, digestive enzymes, hormones

ii. Absorption 

iii. Protection against disease

b. 3 sublayers

i. Surface epithelium -simple columnar with mucus – secreting goblet cells

ii. Lamina proprea - areolar connective tissue, absorb nutrients 
iii. Muscularis mucosae - thin layer of muscle for local movements
2. Submucosa (dense connective tissue)
a. Lots of elastic fibers, blood & lymph vessels, nerve fibers

3. Muscularis externa

a. Thicker muscle layer: responsible for segmentation & peristalses

b. Usually 2 layers: c ircular & longitudinal layers

c. Sphincter muscles in some areas act like valves

4. Serosa (visceral peritoneum)

a. Areolar tissue covered with mesothelium (simple squamous cells)
Nerve Plexuses (enteric “guts” neurons) – 
· Communicate with each other to regulate digestive activity

· Submucosal nerve plexus to regulate glands & smooth muscle

· Myenteric nerve plexus - lies between circular & longitudinal layers, control segmentation & peristalses (also linked to CNS)

Functional Anatomy

Mouth (oral or buccal cavity) 

· Lined w/stratified squamous epithelial 

· Vestibule - area between teeth & lips

· Oral Cavity Proper  - area contained by teeth & gums

· Palate (roof of mouth)

1. Hard palate – bone underneath

2. Soft palate – mostly muscle

· Uvula - closes off nasopharynx during swallowing

· Function ingestion

Tongue (fig           ) – covered with papillae (mucosal projections) that house taste buds
· Lots of muscle
· Functions

1. Mix food with saliva

2. Initiate swallowing (deglutition)
Salivary Glands - produce saliva
· Cleanses mouth

· Dissolves food chemicals to be tasted via enzymes (particularly starch)
· Moistens food, aids in forming bolus

· Types

· Intrinsic salivary glands- scattered throughout oral cavity

· Extrinsic salivary glands - 3 glands with ducts that lead to mouth

a. Parotid

b. Submandibular 

c. Sublingual

2. 2 types of secretory cells

a. Serous - enzymes, ions, Lysozyme (kill bacteria)

b. Mucous - mucus

Teeth – (fig      ) - mechanical digestion (chewing = mastication)
· Deciduous teeth – milk/baby teeth

· Permanent teeth

· Incisors

· Canine

· Premolars (bicuspids)

· Molars 

Pharynx (just Oropharynx & Laryngopharynx) - food passage

· Two layers of skeletal muscles

· Inner longitudinal muscle (elevator muscle)

· Outer circular muscle (constrictor)

Esophagus (fig        )

· All 4 tunics

1. Stratified squamous epithelium

2. Submucosa contains esophageal glands (secrete mucus)

3. Muscularis externa contains some skeletal muscles as well as smooth

4. Adventitia made of connective tissue replaces serosa

Stomach (fig          )

· Rugae – large folds (when empty)

· Pyloric sphincter joins to small intestine

· Has 4 tunics, some modifications

· Muscularis externa - allows stomach to mix & physically break down food

1. Extra layer – oblique

· Mucosa

1. Simple columnar epithelium

· Goblet cells produce lots of mucus to keep stomach alkaline
2. Gastric pits lead to gastric glands, which produce gastric juice

· Glands in cardia (area near sphincter) mostly produce mucus, in pyloric antrum mostly hormone (gastrin)

· Glands in body produce most of the stomach secretions:

· Mucous neck cells - different than type of mucus in surface epithelium (unknown function)

· Parietal cells - secrete HCL (hydrochoirc acid) which activates enymes (pepsin); intrinsic factor allows vitamin B12 to be absorbed

· Chief cells - produce pepsinogen which is activated by HCL & becomes the active enzyme pepsin

· Enteroendocrine cells –release hormones, primarily gastrin

· Functions

1. Holding area for food

2. Mechanical digestion

3. Chemical digestion of protein

4. Release chyme (the partially digested food) to intestine

· Regulation of secretion (neural & hormonal mechanisms)

1. Neural controls may be stimulatory

a. Parasympathetic stimulates glands

b. Sympathetic inhibits production

2. Hormonal controls

a. Gastrin stimulates secretion of enzymes & HCl & intestinal hormones

3. 3 phases of gastric secretion

a. Cephalic (reflex) phase

i. Sensing food causes neural signals that stimulate secretion

b. Gastric Phase

i. Distention (stretch) provokes both short & long reflexes, resulting in Ach release & more gastric juice production

ii. Gastrin stimulates gastric juice secretion (mostly HCl)

1. Gastrin secreted in response to neural stimuli and presence of protein (which increases pH)

c. Intestinal phase

i. Excitatory aspect as duodenum fills & stretches, intestinal Gastrin secreted (further gastric juice secreted)

ii. Enterogastric reflex is inhibitory 

1. As intestine continues to fill, stretch & chemical receptors inhibit further secretion & close pyloric sphincter (reflexes & hormones participate in inhibition)

· Contractile activity - pacemaker cells in smooth muscle set maximum rate of contraction 
· Modified by neural & hormonal controls- distension & Gastrin increase activity

 Small Intestine 

· Major digestive organ (most of chemical digestion & absorption)

· 3 major sections

· Duodenum (retroperintoneal) - received ducts from liver & pancreas

· Jejunum

· Ileum - joins to large intestine atileocecal value

· Microscopic anatomy

· Modifications for absorption (increase surface area)

· Plicae circulares (circular folds) are deep folds of mucosa & Submucosa 

· Chyme is mixed with intestinal juice and movement slowed

· Villi - projections of mucosa; each contains capillary bed & lacteal 

· Microvilli – projections of mucosal cells (brush border); contain enzymes to digest food

· Simple columnar epithelium with some goblet cells & enteroendocrine cells

· Between villi are intestinal crypts 

· Cells secrete intestinal juice (watery with mucus to carry nutrients being absorbed)

· Paneth cells – secrete Lysozyme

· Submucosa contains Peyer’s patches and other individual lymph nodules

· Duodenum as duodenal glands

· Produce alkaline mucus to counteract acidic chyme

· Motility

· Segmentation is most common movement

· Chyme is moved back & forth a few centimeters at a time (fig 24.3)

· Initiated by pacemaker cells in smooth muscle (modified by short & long reflexes)

· Chyme moves slowly toward ilocecal valve

· Perstalsis

· Occurs after most absorption finished 

· Waves move along length of intestine, pushing indigestible food, bacteria & debris into large intestine

· Gastrolileal reflex

· Long reflex initiated by secretory & contractile activity of stomach 

· Enhances ileal mobility & opens ileocecal sphincter

· Gastrin secretion in stomach in stomach has same effects as #3

Liver

· Gross Anatomy

· 4 lobes (right, left, caudate, quadrate)

· Hepatic artery & hepatic portal vein enter at porta hepatis

· Bile leaves liver via ducts that fuse to form common hepatic duct

· Microscopic anatomy

· Lobules (hexagonal)

· Hepatocytes arranged around central vein

· Portal triads = hepatic artery, hepatic portal vein & a bile duct

· Liver sinusoids are large, leaky capillaries

· Kupffer cells (hepatic macrophages)

· Hepatocyte functions

· Produce bile

· Process nutrients

· Store fat soluble vitamins

· Detoxification

Bile - contains bile salts, bile pigments, cholesterol, fats, phospholipids, electrolytes 

· Bile salts are cholesterol derivates and emulsify fats 

· Break them up into small drops ( larger surface area, have efficient enzymes

Gall bladder – stores and concentrates biles (reabsorbs H2O)
· Thin-walled muscular sac inferior to liver (fig         )
· Contracts and expels bile to cystic duct which leads to bile duct

· Bile release (fig        )
· Cholecystokinin (CCK) released by small intestine when acidic chyme enters 

· Hepatopancreatic sphincters relaxes & gall bladder contracts

· Bile enters duodenum 

Pancreas - secretes pancreatic juice, goes into duodenum by pancreatic duct & accessory pancreatic duct
· Secretory cells - acini or acinar cells 

· Deep to stomach, mostly retroperitoneal

· Pancreatic juice (fig          )
· Mostly H2O, enzymes & electrolytes - HCO3 secreted by cells lining ducts

· High pH neutralizes acidity of chyme 

· Enzymes released in inactive forms & activated in duodenum

· Regulation of secretion (fig        )
· Hormonal control

· Secretin - secreted by intestine in response to HCl 

· Cholecystokinin - secreted by intestines in response to protein & fat
· Parasympathetic juice during gastric secretion
Large Intestine (fig       )

· Major intestine

· Cecum

· Appendix

· Colon: ascending, transverse, descending, sigmoid

· Rectum

· Anal Control


· Involuntary internal sphincter

· Voluntary external sphincter

· Microscopic Anatomy (fig       )

· Simple columnar epithelial (except anal canal) - lots of goblet cells

· Very little muscle

· Digestive processes - reabsorbs H2O, electrolytes, vitamins made by bacterial flora

· Elimination of waste


· Gastrocolic reflex - presence of food in stomach initiates peristalsis 
· Defecation - rectum usually empty, but when stretched by feces defecation reflex initiated (internal sphincter relaxes, external sphincter voluntary)

Chemical Digestion (fig         )

Mechanism

· Breakdown of food molecules is hydrolysis (addition of H2O to the broken bond)

· Catabolic (breakdown) process

· Food molecules broken down to monomers (basic building blocks) to be absorbed

· Carbohydrates - basic unit is monosaccharide

· Some polysaccharides (starch, glycogen) but others (cellulose) are indigestible

· Salivary amylase begins breakdown of starch in mouth (breaks it down to oligosaccharides – smaller chains of monosaccharides

· Pancreatic amylase in small intestine also breaks down starch to oligosaccharides, brush, border enzymes finish digestion 

· Protein - basic unit amino acid

· Pepsin begins digestion in stomach 

· Some amino acids & polypeptides (shorter chains of amino acids)

· In small intestine, trypsin & chymotrypsin (from pancreas) break down to smaller peptides, then brush border enzymes finish digestion

· Lipids

· Broken into droplets by bile salts from liver

· Pancreatic lipases break down fats to fatty acids and monoglycerides 

· Nucleic Acids

· DNA & RNA broken down to nucleotides by pancreatic nucleases

· Nucleotides broken down by brush border enzymes to bases, sugar & phosphate

Absorption

· Nearly all food, 80% electrolytes, most H2O absorbed in small intestine

· Most nutrients absorbed across mucosa by active transport 

· Enter capillaries and transported to liver

· Some facts diffuse passively through mucosal cells into lacteals

· Carbohydrate

· Glucose has protein carrier (secondary active transport coupled to active Na transport

· Fructose moves by facilitated diffusion (protein carrier)

· Proteins - various protein carriers coupled to Na transport

· Some dipeptides & tripeptides absorbed, rarely whole proteins

· Lipids

· Monoglycerides & free fatty acids combine with bile salts & lecithin (phospholipids) in bile and form clusters called micelles (cholesterol & fat soluble vitamins also included)

· Micells diffuse between microvilli, lipid soluble substances diffuse through membrane

· Inside cells fat (triglycerides) resynthesized, combined with phospholipids & cholesterol, then coated with proteins to be H2O soluble (form chylomicrons – go into lacteals)

· In blood triglycerides hydrolyzed again to be transported into tissue cells or stored as fat (rest of chylomicron used to transport cholesterol in blood)

· Nucleic acid- products transported by carrier proteins into blood

· Vitamins - some move with fats (A, D, E, K)

· Electrolytes - most ions reabsorbed regardless of need 

· Iron & calcium absorption according to need

· Water- absorbed by osmosis (coupled to solute uptake)

Study Questions - The Digestive System
· Digestive processes info (6 activities)

· Basic Functional Concepts

· Arrangement and Structure (peritoneum; fig. 24.5

· Histology of alimentary canal (4 tunics; fig 24.6)

· Functional Anatomy: mouth, tongue, glands, teeth, pharynx, etc

· Parts of the alimentary canal and accessory organs

· Make a chart of the organs and their functions

· Function of uvula, saliva

· Chemical digestion (fig 24.33)

· Know how food molecules breakdown

· Absorption info

· Know how food molecules absorb differences

Anatomy of the Digestive System (Lab 38)

· Label the layers (tunics) 

· Fig: 24.1, 24.5, 24.6, 24.7, 24.8, 24.10, 24.24,

· Slides: plates 35, 37, 39, 45

Testing urine for molecules (Lab 39b)

· Starch digestion by salivary amylase (know equation)

· What does IKI and Benedict’s test for

· Assessing fat digestion (know equation)

Nutrition

A. Food

B. Nutrients

C. Metabolism – Cellular Respiration
________________________________________________________________

A. Food

· Most used for energy (metabolic fuels) ( ATP

· Also to build cell structures, replacement of worn out parts, functional molecules

· Energy value measured in Kilocalories (Kcal) or Calories (C)

B. Nutrients 
· Substance in food used by body to promote growth, maintenance & repair

· Three main types of nutrients:

· Major nutrients: carbohydrates proteins, lipids (also H2O)

· Vitamins and minerals: require smaller amounts

· Essential nutrients: molecules body can’t make must be ingested

· Carbohydrates

· Most are plant derived (lactose in milk, glycogen in meat)

· Turned into glucose (monosaccharides) used by cells to make ATP

· Liver converts other monosaccharides to glucose

· Neurons & RBCs use it almost exclusively

· Stored as glycogen in skeletal muscles, heart, liver, fat

· Sugars also used as part of nucleic acids, attached to membrane proteins & lipids 

· Complex carbohydrates include vitamins & minerals

· 125-175g/daily

· Lipids

· Include cholesterol & phospholipids, but mostly triglycerides (neutral fats)

· Both plant (mostly unsaturated) & animal (mostly saturated)

· Fats help body absorb vitamins

· Triglycerides major fuel for hepatocytes & skeletal muscle

· Phospholipids & cholesterol in cell membranes

· Cholesterol basis of many hormones

· Should be 30% or less of total calories in adults

· Proteins

· Animal products have “complete protein” – all essential amino acids

· Plants sources –combine grains and legumes for all amino acids in the same meal

· Important (keratin, collagen, elastin) & function (enzymes, hemoglobin, hormones)

· Used for energy when carbohydrates and fats not available

· Need 0.8g/Kg body weight per day

· Vitamins- see table 25.2 for importance, toxicity & deficiencies

· Most are co-enzymes (help enzyme to function)

· Most must be ingested

· D make in the skin (absorbs Ca2+)

· B & K made in intestinal bacteria

· Used in clotting and making ATP

· Classified as fat soluble (A, D, E, K) which are absorbed with fat & stored and H2O soluble (B,C) which are absorbed with H2O but not stored

· A, C and E are antioxidants – destroy harmful ions in the body

· Minerals - see table 25.3

· Best sources vegetables, legumes, milk

· Work with other nutrients

· Examples:

· Ca2+, P, Mg salts harden bone

· Iron in heme

· Phospholipids

· Maintain H2O balance (Na+, Cl-), neuron & muscle cell function (Na+, K+, Ca2+)

Metabolism

· All chemical reactions that maintain life

· Anabolism – building larger molecules

· Catabolism – breaking down to smaller molecules

· Cellular respiration – process by which food energy is used to make ATP

· Overall equation – C6H12O2 ( 6H2O + 6CO2 + 36ATP + heat

· Definitions/terms

· Oxidation – reduction reactions (O-R or redox)

· Oxidized substances lose energy by losing electrons (gaining O2 or losing H-)

· Reduced substances gain energy gaining electrons (losing O2 or gaining H)

· Energy transfers

· NAD+ and FAD 

· Electron (H) acceptors hold energy during transfers

· Nicotinamide adenine dinucleotide based on niacin (B vitamin)

· 3 major processes of cellular respiration

· Glycolysis

· Krebs Cycle

· Electron transport chain

Glycolysis

· Series of reactions in cytosol

· Does not require O2  (anaerobic)

· Glucose ( pyruvic acid

· NAD+ used as hydrogen carrier

· Gain 2 ATP for every glucose molecules

· When O2 present ( Krebs cycle 

· No O2, NADH + H+ gives hydrogens to pyruvic acid, forming lactic acid

Krebs Cycle 

· Pyruvic acid enters mitochondrial matrix & is converted to acetyl CoA (CoA derived from B vitamin)

· Acetyl CoA enters a cycle of reactions (AKA citric acid cycle)

· Carbon atoms are moved to different molecules, ultimately resulting in CO2 release

· H carried by NAD+ & FAD

· Yields one ATP for each turn of the cycle (2 turns for each pyruvic acid from glucose)

Electron Transport Chain 

· Proteins on the inner mitochondrial membrane (cristae) accept Hydrogen (from FADH+ & NADH+ H+), pass along the electrons and transport the H+ to the matrix) creating a gradient for H+)

· Passing electrons in steps conserve energy – more can be harvested instead of losing it all as heat

· O2 is final electron acceptor – without it, the chain backs up and ATP can’t be made

· As H+ move back across membrane, they move through enzyme-protein complexes in the membrane called ATP synthase (most of membrane not permeable to H+)

· ATP made as energy harnessed from the electrical current from H+ movement

· The FADH2 & NADH+H+ from Krebs cycle and glycolysis yield 34 ATP

More on Metabolism

· Carbohydrates – ATP can’t be stored, so excess glucose stored

· Glycogen (chains of glucose) formed by glycogenesis (mostly liver & skeletal muscles) – when blood glucose drops, liver can break it down again (glycogenolysis) & release it to blood

· Stored as fat

· Glycerol (from fats) and amino acids can be converted to glucose when levels low & glycogen used up (gluconeogenesis)

· Lipids

· Glycerol & fatty acids can be broken down into molecules that enter Krebs cycle

· Lipogenesis (forming triglycerides) occurs when ATP & glucose levels high fat is stored

· Lipolysis is breaking down triglycerides – liver, cardiac muscle & resting skeletal muscle preferentially use fatty acids as fuel (but carbohydrates are necessary to allow Krebs cycle to function)

· Ketosis – blood pH drops

· Proteins

· Can be converted to fat & stored 

· Amino acids can be converted to pyruvic acids or Krebs cycle intermediate molecules

· Liver synthesizes almost all nonessential aa’s

Study Questions – Nutrition
· What is most food used for?

· What is a nutrient?

· What are the main types of nutrients

· Carbohydrate info

· What are the functions of lipids

· What total percent of the calories should be lipids

· Protein info

· Vitamin info

· What are the cellular functions of minerals in the body?

· What is cellular respiration?

· What do redox reactions transfer?

· What are the three major processes of cellular respiration?

· Where does glycolysis take place & what molecules are used as a hydrogen carrier?

· Where does the Krebs cycle take place & what molecules are used as hydrogen carriers?

· What molecules are given off as a waste product in the Krebs cycle?

· In the electron transport chain, what is the purpose of passing electrons in steps

· When the electron transport chain sets up a hydrogen gradient across the inner mitochondrial membrane, what happens as hydrogen ions diffuse back across the membrane?

· How can proteins and lipids be used to make ATP?

Urinary System

Kidneys

A. Functions

B. Anatomy

Other Organs

A. Ureters

B. Bladder

C. Urethra

Kidney Physiology

Micturition

Kidneys

Functions

1. Main excretory organ

2. Regulate blood volume

3. Regulate blood chemical make up (water/salts; acids/bases)

4. Regulate BP (renin)

5. Red blood cell production (erythropoietin)

Anatomy

1. Retroperitoneal & right slightly lower (liver)

2. Medial surface had cleft: renal hilus

a. Leads to renal sinus

b. Other structures enter/leave

3. 3 layers of supporting tissue

a. Renal capsule

i. On kidney surface, fibrous

ii. Prevents infection from spreading to kidneys

b. Adipose capsule – to hold kidney in place

i. Holds to posterior body wall & cushions against blow

c. Renal fascia

i. Fibrous connective tissue

ii. Anchors kidney to surrounding structures

4. Internal Anatomy

a. Cortex – outer layer

b. Medulla – contains medullary pyramids

c. Renal columns – cortex extends between pyramids

d. Renal pelvis – continuous with ureter, branches into major calyces & minor calyces which enclose papillae of pyramids

5. Blood & nerve supply

a. Renal arteries - deliver ¼ of total cardiac output

b. Renal veins

c. Renal plexus – network of nerve fibers and ganglia

6. Nephrons (fig                   ) - functional unit of kidney, over 1 million per kidney

a. Glomerulus (beginning of Nephrons)

i. High pressure capillary bed

ii. A knot of capillaries surrounded by Glomerular (Bowman’s) capsule (cup shaped portion of tubule) – blood filtered here

iii. Fluid entering tube is called filtrate  

1. Plasma derived is processed renal tubule into urine (protein free)
b. Renal tubule

i. Proximal convoluted tubule (PCT; lots of microvilli) - reabsorb & secrete 
ii. Loop of Henle - has thin & thick portions and concentrates urine

iii. Distal convoluted urine (DCT; few microvilli) - mostly secretion, some absorption

c. Collecting ducts

i. Drain urine from many Nephrons

ii. Fuse to form papillary ducts

iii. Urine goes to pelvis

d. Types of Nephrons

i. Most cortical (in cortex with tip of loop in medulla)

ii. Some juxta medullary (loops deep into medulla)

e. Microvasculature

· Each nephron has a region called two capillary beds

i. Glomerulus 

1. Has afferent & efferent arterioles; high pressure forces fluid & solutes into nephron

ii. Peritubular capillaries 

1. Arise from efferent arterioles, surround nephron & substances secreted by nephrons come from this blood

f. Juxtaglomerular apparatus (JGA) – fig 26.7

i. Beginning portion of DCT lies against afferent & efferent arterioles

1. Granular Juxtaglomerular (JG) cells 

a. Enlarged smooth muscle cells with granules of renin 

b. Act as mechanoreceptors to sense BP

2. Macula densa

a. Groups of cells acting as chemoreceptors or osmoreceptors that way it can respond to changes in solute content of filtrate in tubule lumen

3. Mesanglial cells

a. Unclear role 

b. May play a part in Glomerular filtration

Other organs of Urinary System
Ureters

1. Carry urine to bladder, continuation of renal pelvis

2. 3 Layers

a. Mucosa – transitional epithelial

b. Muscularis – circular & longitudinal layers

c. Fibrous adventitia

3. Distention from urine stimulates Muscularis to contract  

a. Urine propelled by peristalsis to bladder

Bladder

1. Muscular sac that stores urine

2. Retroperitoneal

3. Trigone 

a. Area where the ureters come into the bladder

b. Forms a triangle at the bottom of the bladder

c. Three openings for the bladder

4. 3 layers

a. Mucosa (transitional epithelial)

b. Detrusor muscle – thick smooth muscle that’s 3 layer
c. Adventitia

5. When empty: bladder is collapsed and has rugae

6. When full: can hold 2+ pints 

Urethra

1. Thin walled muscular tube

2. Drains urine from bladder

3. Mucosa mainly psuedostratified epithelial

a. Near bladder has transitional (both columnar & squamous) epithelium

b. Near opening has stratified epithelium

4. Internal urethral sphincter

a. Involuntary

b. Keeps urethra closed when not voiding urine

5. External urethral sphincter

a. Voluntary 

i. Skeletal muscle

6. Relatively short in females (3-4 cm as opposed to 20 cm in males)

a. Urinary tract infections common in women

Kidney Physiology

1. Kidneys basically filter entire plasma volume 60 times each day (~ 99% returned to body)

2. Filtrate contains everything in plasma except proteins

a. Most of H2O, nutrients & needed ions are gone (urine – metabolic wastes & ions)

3. 3 Processes to urine formation

1. Glomerular filtration

i. Passive, nonselective process occurring due to very permeable membrane and high pressure therefore more net filtration

1. Capillary fenestrations prevent blood cells passing

2. Small molecules like H2O, glucose, amino acids & nitrogenous wastes can pass freely, keeps proteins in capillary

ii. Glomerular Filtration Rate (GFR) - amount of filtrate formed per minute by kidneys

1. Determined by:

a. Total surface area available for filtration

b. Filtration permeability

c. Net Filtration Pressure (NFP) - GFR directly proportional to  NFP

2. Needs to be relatively constant because reabsorption from tubule partly depends on rate of filtration through renal tubules 

a. Too fast ( needed substances not absorbed

b. Too slow( wastes reabsorbed

iii. Renal Autoregulation

1. Myogenic (muscle origin) mechanism 
a. Increases BP causes constriction to reduce flow, 
b. Decreases BP causes dilation

2. Tubuloglomerular feedback 

a. Macula densa cells respond to rapidly flowing filtrate and/or high amounts of solutes by releasing vasoconstrictor (reduce GFR); 

i. Md cells are exposed to slowly flowing filtrate and/or low solute content promotes vasodilation of afferent arterioles

iv. Sympathetic NS

1. During stress epinephrine constricts vessels & inhibits filtrate formation

2. NE stimulates renin release (increase BP)

v. Renin – Angiotensin mechanism (fig       )

1. Triggered by Juxtaglomerular Cells

2. Renin acts enzymatically on ( Angiotensinogen (a plasma globulin made by the liver) ( which releases angiotensin I ( which is converted into angiotensin II by ACE (angiotensin converting enzyme)

3. Angiotensin II is vasoconstrictor & stimulates adrenals to release aldosterone and MAP to rise

a. Increase Na reabsorption, H2O follows, increase BP

b. Leads to a decrease in GFR – because of aldosterone vasoconstriction of afferent & efferent arterioles to restore normal conditions by contracting Mesanglial cells

2. Tubular reabsorption (fig         ) - begins as soon as filtrate enters PCT

a. Substances move across 3 layers

· Luminal & basolateral membranes of tubule cells

· Endothelium of peritubular capillaries to blood

b. Active transport (needs ATP) & paracellular pumps

· Sodium diffuses across luminal surface but are linked to active Na/K pump to get across basolateral membrane (secondary active transport)

c. Passive transport (no ATP) - utilize electrochemical gradient established by Na/K pump

· Favors anions like Cl, HCO3 

d. Obligatory Water Reabsorption - H2O follows Na, other solutes follow 

e. Secondary Active transport (linked to Na transport) - glucose, amino acids, vitamins, ions 

f. Some things are not reabsorbed or only a little is reabsorbed 

· Due to lack of carriers, size, or non-lipid soluble

· Nitrogenous end products of protein metabolism: urea, uric acid, creatinine (large, lipid insoluble molecule, used to measure GFR)

g. Different sections of tube reabsorb different substances

3. Tubular secretion

a. Substances in peritubular capillaries secrete into tubule cells and then into lumen

· Hydrogen, Potassium ions, creatinine, ammonium ion & other organics 

· Important for:

· Disposing of drugs not already in filtrate

· Wastes like urea & uric acid 

· Excess K

· Controls blood pH (H or HCO3)

4. Regulation of urine concentration & volume 

a. Countercurrent mechanism

1. A loop of Henle actively pumps Na into medullary interstitial fluid; urea diffuses out of lower portion of collecting duct

a. These create an osmotic gradient that increase toward papilla

i. Blood in vasa recta also has gradient

2. As dilute fluid in collecting tubule passes through gradient, H2O can be passively reabsorbed 

3. Without ADH (anti-diuretic hormone: inhibits diuresis or urine output), collecting duct is not permeable to H2O and urine stays dilute, but when ADH is present urine is concentrated 

a. ADH is generally released constantly

b. Diuretics enhance urinary output

a. Alcohol – inhibit ADH release 

b. Caffeine – increases GFR

c. BP drugs

Micturition

1. Voiding or urination

2. 200 ml urine accumulates

a. Distension causes Detrusor muscle contraction & internal sphincter to relax (reflex arc)
b. Urine is forced into upper part of urethra

c. Urge to void is felt

3. If voiding does not occur, contractions stop until 200-300 ml more accumulate

a. Reflex occurs and urge felt again

Study Questions -  Urinary System
· Main organs in the system: (what are the layers/parts of each)

· Ureters, Bladder, Urethra – Which has what types of layers? What are their functions?

· Kidney – what are they layers and parts?

· Nephrons – functional unit

· What’s the job of the parts? what are the parts of the renal tubule?
· 2 types of nephrons found

· Which do we have more of? Who’s more likely to have type? 

· What are the capillary beds? 
· Parts and purpose of Juxtaglomerular Apparatus

· Physiology

· Learn the flow of filtrate to learn the parts of the kidney

· What is filtrate? What is made up of?

· Where does it come from

· How much is absorbed back into blood stream?

· 3 processes of Urine Formation

· GFR

· What determines the rate?

· What can cross the membrane?

· Tubular Reabsorption

· What goes back to capillary

· Through what layers?

· By what mechanisms?

· Tubular Secretion

· What goes back into filtrate

Fluid, Electrolyte & Acid-Base Balance

_____________________________________________________________________________

Body Fluids (fig          )

· Water accounts for ~ 60% of body weight in healthy adults (~45-75)

· More in babies

· Less in elderly

· 2 main fluid compartments

· Intracellular fluid compartment (ICF)

· Contains large amounts of protein anions (K, Mg, Phos)

· 40% of body weight (2/3 of water in body)

· Extracellular fluid compartment (ECF)

· Na, Cl & Bicarbonate ions

· Plasma – 20% of ECF

· Interstitial fluid – 80% of ECF

· Changes in one compartment affect the others

· Composition of Body Fluids

· Solutes: Electrolytes & Nonelectrolytes

· Water – universal solvent, dissolves almost everything

· Nonelectrolytes 

· Have bonds (usually covalent): don’t dissociate in solution

· Organic molecules – glucose, lipids, creatine (nitrogenous waste molecule), & urea

· Electrolytes

· Can dissociate in water into ions (ionized) water

· Can conduct electricity ( electrolyte

· Inorganic salts, organic & inorganic acids & bases & proteins

· Have greater osmotic power because they dissociate into at least 2 ions

· Concentration is expressed as miliequivalents per liter (mEq/L)

· Comparison of Extracellular & Intracellular Fluids (fig 26.2)

· ECF - Plasma has more protein, otherwise same as interstitial fluid

· Chief Cation = sodium

· Chief Anion = chloride

· Plasma contains fewer chloride ions than interstitial fluid

· Nonpenetrating plasma proteins are normally anions & plasma is electrically neutral

· ICF – more K+ & phosphate (HPO4)

· Small amounts of Na + Cl

· Contain moderate amounts of Mg & soluble proteins (3x plasma)

· Na/K relationship based on ATP-dependant pumps

· Na outside cell, K inside cell

· Renal mechanisms can reinforce ion distribution by secreting K when Na is reabsorbed

Water Balance

· Most water ingested (90%)

· 10% produced by metabolism (metabolic water)

· Water loss

· Urine 60%

· Insensible losses

· Vaporizes in the lungs and directly through the skin 28%

· Some water is also lost via sweat 8% & feces 4%

· Thirst mechanism (poorly understood)

· Loss of plasma volume and/or increases in plasma osmolarity excites thirst center in hypothalamus

· Osmoreceptors in hypothalamus lose water by osmosis to hypertonic ECF, which causes them to depolarize

· Obligatory water loss 

· Includes insensible water loss & sensible water loss (urine)

· Can lead to circulatory collapse loss increase water/time

· Disorders of Water balance

· Dehydration

· Water loss exceeds water intake over time

· Common after hemorrhage, severe burns, prolonged bouts of vomiting or diarrhea, profuse sweating, water deprivation & diuretic abuse

· Also caused by: endocrine disorders (diabetes)

· Symptoms: cotton mouth, dry skin, decreased urine output

· Hypovolemic Shock – due to blood loss

· Mainly from loss of water in ECF

· Hypotonic Hydration (Water intoxication)

· Osmolality in ECF drops ( ADH inhibited (excess water flushed out

· ECF diluted ( hyponatremia –promotes net osmosis into tissue cells so they swell

· Most damaging to Neurons

· Edema

· Swelling due to accumulation of fluid in interstitial space

· Caused by anything that leads to fast flow of fluid out of bloodstream or hinders its return

· Increased blood pressure 

· From nonworking venous valves, blood vessel blockage, congestive heart failure, hypertension, or high blood volume (ex: water retention)

· Capillary permeability

· Inflammatory response

· Hypoproteinemia

· Low levels of plasma proteins ( tissue edema

Electrolyte Balance (fig                )

· Usually refers to salt balance, important for controlling fluid movements

· Most are ingested ( electrolyte concentration

· Na+ balance – often exceeded need

· 65% reabsorbed in PCT

· 25% in loop of Henle

· Aldosterone (released from Adrenal Cortex)

· If aldosterone present rest is reabsorbed in DCT & collecting tubule

· Main influence on Na+ balance

· Promotes both Sodium & Water retention

· Triggered by the Renin:Angiotensin mechanism

· Mediated by JG cells apparatus of renal tubules

· JG cells respond to

· Sympathetic nervous system stimulation

· Decreased filtrate osmolality

· Decreased stretch (due to decreased blood pressure)

· JG cells renin

· High renal blood pressure & high filtrate osmolality depress Renin release

· Adrenal cortical cells are also stimulated by K+ levels in ECF

· Can take hours or days to change ( low impact on blood volume 

· Just enough to change urinary output

· Cardiovascular System Baroreceptors (pressure diuresis)

· Blood volume rises = blood pressure rises = triggering of Baroreceptors in heart & large vessels of the neck & thorax (carotid & aorta) 

· Tells cardiovascular centers of the brain

· Sympathetic NS decreased impulses to kidneys ( causes afferent arteriole to dilate

· GFR rises: Na and water output increase

· Reduces blood volume, blood pressure

· Baroreceptors give info on “fullness” circulatory system 

· Also seen as sodium receptors

· Influence & Regulation of ADH (fig          )

· ADH release – proportional to water reabsorsed in collecting ducts 

· Low ADH = dilute urine ( reduced volume of body fluids

· High ADH = Nearly all water is reabsorbed & small volume 

· Osmoreceptors in hypothalamus sense ECF solute concentration & trigger/inhibit ADH

· Alcohol inhibits ADH by affecting solute level

· Influence & Regulation of Atrial Natriuretic (salt excreting) Peptide (ANP)

· Reduces blood pressure & blood volume by inhibiting nearly all events that promote vasocontriction & Na/Water retention

· Released by certain cells in the heart that stretch with elevated blood pressure

· Has diurectic & natriuretic effects

· Supresses ADH release, renin induced angiontensin II (relaxes vascular smooth muscle ( vasodilation ( blood pressure 

· Influence of Other Hormones

· Female sex hormones – estrogens enhance NaCl reabsorption by renal tubules

· Progesterone – decreases sodium reabsorption by blocking effect of aldosterone

· Glucocorticoids – (hydrocortisol) enhance tubular reabsorption of sodium

· Promote GFR 

· K+ balance

· Remember! K concentration affects resting membrane potential

· Excess in ECF decreases membrane potential causing depolarization

· Hyperkalemia – too much 

· Hypokalemia – too little

· Heart is most sensitive to both because it effects electrical conduction

· Regulation Site: Cortical Collecting Duct

· Main renal mechanism like Na+ but,

· 85% is absorbed by proximal region of nephrons 

· 55% of filtered is reabsorbed in renal tubules

· 30% reabsorbed in thick portion of ascend Loop of Henle

· 15% is lost in urine

· Balance is mainly based on cortical collecting ducts

· Changes amount of K secreted into filtrate

· 2 Main Factors

· Plasma Potassium Concentration – most important

· High potassium diet increase K in ECF

· This favors K entry into principal cells of cortical collecting ducts & prompts them to secrete K into filtrate so more K is excreted

· Low K depressed secretion (and promotes limited reabsorption) in collecting ducts

· Influence of Aldosterone

· Increases Na reabsorption & enhances K secretion 

· Maintain electrolyte balance there is a one-for-one exchange of Na & K in cortical collecting ducts

· Adrenal cortical cells are directly sensitive to K content in ECF that surrounds them

· Releases Aldosterone if too high!

· Ca+2 balance

· Hypercalcemia – high calcium ( increases excitability & muscle tentany

· Hypocalcemia – inhibits neurons & muscle cells, cardiac arrhythmias

· Main factor is parathyroid hormone released in response to low Ca+2 higher, secreted by kidney in plasma

· Bone breaks down, intestinal absorption enhanced, kidneys reabsorbs

· Calcitonin – when calcium is high ( doesn’t effect level in blood that much

· Phosphate balance

· Most of phosphate (HPO4) is reabsorbed in proximal tubule by active transport

· With PTH; active transport is inhibited

· Without PTH; phosphate reabsorb is regulated by transport maximum

· Excess leaves in urine

· Magnesium balance

· 2nd most abundant intracellular cation

· Activates coenzymes needed for carbohydrate & protein metabolism

· Also important for cardiac function, neurotransmission & neuromuscular activity

· Half is in skeleton, rest is in cells

· Little is filtered into tubule

· Anions (negative ions)

· Follow Na+ 

· When blood pH is normal or high Cl- is reabsorbed w/Na when low HCO3- is reabsorbed 

· Reabsorbed by kidneys: Sulfates, nitrates
Acid-Base Balance

All Functional Proteins are influenced by pH 

· Must be regulated closely

· Normal pH

· Arterial blood 7.4 

· Above 7.45 - alkalosis

· Below 7.35 - acidosis

· Venous blood, interstitial fluid 7.35

· Intracellular fluid 7.0

· Most H+ in body come from cellular metabolism

· Breakdown of proteins

· Anaerobic respiration

· Fat metabolism

· Loading of CO2 in blood

Regulation of Acid-Base balance

· Chemical buffers – act within a fraction of a second

· Carbonic acid & it’s salt in same solution

· Bicarbonate buffer system

· Only ECF buffer, though important to ICF

· HCl (strg acid) + NaHCO3 (weak base) ( H2CO3 (w. base) + NaCl (salt)

· NaOH (strg base) + H2CO3 (w. base) ( NaHCO3 (weak base) + H2O

· When Na not available, any cation will do

· Once all the HCO3 is tied up, system no longer works – temporary solution

· Phosphate buffer system

· Effective buffer in ICF and urine

· HCl (strg acid) + NaPO4 (weak base) ( H2PO4 (w. acid) + NaCl 

· NaOH (strg base) + H2PO4 (w. acid) ( NaHPO4 (weak base) + H2O

· Protein buffer system

· ICF

· Some proteins can act as weak acids (hemoglobin)

· Physiological Buffer Systems

· Respiratory system regulation (work within a few minutes)

· Utilizes bicarbonate buffer& that CO2 + H2O / H+ + HCO3 can be HCO3-
· Acidosis 

· Increase in respiratory rate eliminate CO2  

· Alkalosis 

· Depress respiratory center CO2 retention

· Renal mechanisms (long-term - hours or days)

· Remove acids generated by cellular metabolism from body

· Excrete HCO3- (like gaining H+)

· Reabsorb or make new HCO3- (losing H+)

Imbalances

· Classified acid-base as metabolic or respiratory indicates cause of acidosis & alkalosis

· Respiratory acidosis

· CO2 retention

· Occurs with shallow breathing

· Also diseases inhibiting gas exchange 

· Pneumonia, emphysema, cystic fibrosis

· CO2 accumulates in blood and pH decreases

· Respiratory alkalosis

· CO2 elimination too fast

· Occurs when CO2 eliminated faster than it is produced

· Hyperventilation – get rid of CO2 and blood pH increases

· Metabolic acidosis

· Leads to accumulation of acids in blood or loss of HCO3- 

· Ingestion of excessive amounts of alcohol

· Broken down to an acid

· Excessive loss of HCO3-
· Diarrhea

· Accumulation of lactic acid during exercise or shock

· Ketosis 

· Diabetes, starvation – lack of carbohydrates so break down fats

· Kidney failure

· Metabolic alkalosis

· Too much HCO3- 

· Vomiting acid secretions of stomach

· In take of excess bases (antacids)

· Constipation 

· Too much HCO3- reabsorbed in colon

· Effects

· PH limits are 7.0-7.8

· Acidosis depresses CHS – coma & death

· Alkalosis overexcites nervous system

· Tetany, nervousness, convulsions, respiratory arrest

Study Questions -  Fluid Balance

· What % of the body weight is water

· 2 main compartments

· What makes the ICF/ECF 

· Water Balance

· Ways water comes in & out

· Thirst/Dehydration ( What’s the cause? What’s the result?

· What type of receptors are used to for different conditions? 

· Electrolyte Balance

· Na/K/Ca/Anions

· What’s the main factor that regulates each?


· Where does it happen? What triggers the response?

· What are the Jobs of ADH, Aldosterone, Renin-Angiotensin mechanisms?

· What is a diuretic? What does it do?

· What triggers each of the above mechanisms? How do they affect absorbtion?

· Influences of pH

· What is the range for blood (arterial/venous), interstitial fluid, intracellular fluid

· How does your body get H+

· What are the types of Acidosis/Alkalosis? What are causes? What are the effects?

· Regulation of Acid-Base

· What are the chemical buffers? What do they do? How?

· What are the physiological buffers? What do they do? How?

Reproductive System

General Info

Mae Anatomy

Male Physiology

Female Anatomy

Female Physiology

_____________________________________________________________________________

General Info

1. Gonads

a. Primary sex organs 

i. Ovaries in females

ii. Testes in males

b. Produce gametes (sex cells)

i. Ova (eggs) in females

ii. Sperm in males

c. Secrete sex hormones

d. Accessory reproductive organs

Male Anatomy

1. Scrotum - sac of skin with superficial fascia

a. Contains 2 compartments (for each testis)

b. Sperm needs to be produced at a few degrees below core body temperature

c. Responds to temperature because cremaster muscles can elevate testes

2. Testes

a. 2 tunics

i. Outer – tunica vaginalis

ii. Inner – tunica albuginea (fibrous)

b. Divides into hundreds of seminiferous tubules (produce sperm)

i. Surrounding seminiferous tubules are interstitial cells (produce testosterone)

c. Nerve fibers and blood vessels enclosed in spermatic cord 

3. Duct System

a. Epididymis - sperm mature here (gain ability to swim)

i. Can store sperm for months (eventually phagocytized)

b. Ductus deferens (vas deferens) - runs through spermatic cord into pelvic cavity

i. Expands to form ampulla

ii. Transports sperm

iii. Joins with ejaculatory duct

c. Urethra - transports sperm out of body

i. 3 regions

1. Prostatic urethra (in prostate gland)
2. Membranous urethra
3. Spongy (penile) urethra (in penis)

4. Accessory Glands

a. Seminal vesicles produces alkaline fluid (~ 60 % of semen)

i. Counteracts acidity of female reproductive tract
ii. Contains fructose – energy source

b. Prostate gland – produces enzymes that activate sperm (~ 30 % of semen)
c. Bulbourethral glands - produce mucus

i. Neutralize acidic urine in urethra

d. Penis - delivers sperm to female reproductive tract

i. Contains spongy connective tissue and smooth muscle

1. Fills with blood

2. Corpus spongiosum & corpora cavernosa

5. Semen 

a. Mixture of sperm & accessory gland secretions
b. Transport medium
c. Protects and activates sperm (alkaline, antibiotic chemical )
d. Facilitates sperm movement
e. Contains prostaglandins to decreases viscosity of cervical mucus

i. Causes reverse peristalsis in uterus and uterine tubes

b. Hormones & enzymes enhance motility

Male Physiology

1. Sexual Response

a. Erectile tissue become engaged with blood

i. When flaccid arterioles are constricted

ii. During sexual excitement – parasympathetic reflex

1. Nitric oxide released locally

2. Vascular smooth muscle relaxes & arterioles dilate

3. Penis fills dilate
4. Drainage veins are compressed - decreased outflow

b. Ejaculation

i. Sympathetic reflex occurs when impulses for erection reach a critical level

ii. Ducts and accessory glands contract semen enters urethra

iii. Bladder sphincters contract, preventing semen from entering bladder

iv. Smooth muscle in penis contracts and semen exits urethra

v. Penile arterioles constrict, return to flaccid state

2. Spermatogenesis
a. Production of male gametes

b. Begins at puberty (~14 years) 

c. In seminiferous tubules

d. Spermatogonia - stem cells that divide by mitosis until puberty

i. At puberty, two cells types produced 

1. Type A cells maintain germ cells line

2. Type B cell, becomes a primary spermatocyte which divides into 4 spermatids (correct genetic info)

e. Spermiogenesis

i. Sheds excess cytoplasm & tail develops

f. Three regions of sperm

i. Head is mostly nucleus, also has acrosome that penetrate egg

ii. Midpiece contains mitochondria that produces ATP

iii. Tail is a flagellum that moves sperm in female reproductive tract

g. Sustentacular (sertoli cells)

i. Form tight junctions – blood testis barrier

ii. Prevents sperm antigens from entering bloodstream

1. Since sperm are not produced until puberty, they are not present when immune system is programmed, so they are not recognized 

2. Provide nutrients for dividing cells

3. Secrete testicular fluid - transport medium for sperm

4. Break down excess cytoplasm of sperm

5. Regulate spermatogenesis

3. Hormonal regulation

a. Brain testicular axis

i. Interactions between hypothalamus, anterior pituitary & testes

b. Hypothalamus releases gonadotropin –releasing hormone (GnRH)

c. Anterior pituitary releases FSH and LH

i. FSH stimulates sustentacular cells, androgen-binding protein (ABP) is released, spermatogenic cells bind

ii. LH causes interstitial cells to secrete testosterone 

1. LH also called interstitial cell stimulating hormone (ICSH)

d. Testosterone inhibits hypothalamus & pituitary

e. Inhibin (hormone produced by sustentacular cells when sperm count is high) inhibits hypothalamus & pituitary

4. Testosterone has effects throughout body

a. Accessory organs grow to adult size and function

b. Secondary sex characteristics

i. Hair growth

ii. Voice deepens

iii. Skin thickens & becomes oily

iv. Bones and skeletal muscles grow

c. Increase basal metabolic rate

d. Influences behavior

5. Testosterone also produced in small amounts by adrenal glands

Female Anatomy

1. Ovaries

a. General Info

i. Supported by ligaments

ii. Surrounded by tuncia albuginea covered with cuboidal cells

iii. Cortex has gameted, medulla has blood vessels and nerves

b. Ovarian follicles

i. Immature egg (oocyte)

ii. Surrounding cells – follicle cells and granulosa cells

iii. After ovulation follilce develop into corpus luteum

2. Duct system - uterine tubes

a. Fallopian tubes or oviducts

b. Receive ovulated oocyte

c. Site of fertilization

d. End surrounding ovary called infundibulum

i. Fimbrae sweep oocyte into uterine tube

e. Walls have smooth muscle and thick folded mucosa

i. Ciliated mucosa cells move oocyte toward uterus

3. Uterus - hollow, thick muscular walls

a. Receive, retains and nourishes a fertilized egg

b. Cervix opens to vagina

c. 3 layers

i. Perimetrium (visceral peritoneum)

ii. Myometrium (muscle)

iii. Endometrium (mucosa) – simple columnar cells w/ thick lamina proprea

1. Fertilized egg implants

2. 2 layers 

a. Functional layer has cyclic changes

b. Basal layer forms new functional layer

4. Vagina


a. Passageway for baby & menstrual flow

b. Received semen

c. 3 layers

i. Outer fibrous adventitia

ii. Muscularis

iii. Mucosa

1. Has rugae

2. Bacteria keep vagina acidic

iv. Hymen – extension of vaginal mucosa at external opening

External Genitalia (vulva)

1. Mons pubis

2. Labia majora 

a. Outer lips (homologous scrotum)

3. Labia minora 

a. Homologous penile shaft 

4. Vestibule 

a. Contains vaginal and urethral openings

5. Vestibular glands 

a. Homologous to bulbouretral gland

b. Secretes mucus to keep vestibule moist

6. Clitoris

a. Homologous to glans penis

b. Engorges with blood during sexual arousal

Mammary Glands

1. Produce milk for babies

a. Alveolar glands (alveoli) open into lactiferous ducts that exit at nipple

2. Areola surrounds nipple

a. Produces sebum to prevent drying

Oogenesis (egg production)

1. Oogonia

a. Stem cells

b. Multiply by mitosis in fetus

c. Growth Phase

d. Follicles form – primary, oocytes “stall” in meiosis

e. Female born with about 7000,000 oocytes (only ~400 will be released)

2. At puberty

a. A few primary oocytes are activated each month

b. Only one (usually) will continue meiosis and produce cells with correct genetic material (secondary oocytes)

c. Meiosis stalls

i. Ovulation occurs

ii. It fertilization occurs, meiosis finishes

iii. With no fertilization oocytes breaks down

Ovarian Cycle

1. Follicular phase

a. Follicles grow

i. Cell payers form around oocytes

ii. Inner layers produce androgens which are converted to estrogens by outer layers

b. Zona pellucida forms

i. Transparent membrane surrounding oocyte

c. Antrum forms

d. Vesicular (Graafian) follicle forms

i. Full size follicle, bulges from ovary surface

2. Ovulation

a. Follicle bursts, oocyte released

b. Pain may occur – “miltelschmerz”

c. Although several follicles develop at once, usually only the one furthest along in development breaks open

3. Luteal phase

a. Burst follicle becomes the corpus luteum

i. Produces progesterone, some estrogen

ii. If no fertilization, corpus luteum will eventually degenerate

4. Hormonal regulation

a. GnRH from hypothalamus stimulates anterior pituitary to release FSH and LH 

b. FSH and LH stimulate follicle growth and estrogen secretion

i. LH stimulates androgen production

· Some released to blood, most converted to estrogen

c. Rising estrogen exerts negative feedback on pituitary

i. Inhibin from cells of follicle also exerts negative feedback

d. When estrogen levels in blood reach a critical level, there is a positive feedback effect on pituitary

i. A burst of FSH and LH is released

ii. Ovulation occurs

e. LH causes development of corpus luteum

i. Progesterone and estrogen produced

ii. Negative feedback on pituitary (inhibits release of FSH & LH)

f. If no pregnancy, as LH declines corpus luteum corpus breaks down

i. Estrogen and progesterone secretion decreases

ii. Inhibition of FSH and LH stops, cycle starts again

Uterine (menstrual) Cycle 

1. Menstrual phase (days 1-5)

a. Uterus sheds most of endometrium

b. Blood and tissue pass through vagina

2. Proliferative phase (6-14)

a. Rising estrogen levels (developing follicle) cause endometrium to rebuild

b. Ovulation (day 14)

i. Cervical mucus changes to become thread like and less sticky, so sperm can get through

3. Secretory phase

a. Endothelium continues to build in preparation for embryo implantation

b. Cervical plug forms – mucus becomes thicker and more sticky

c. If no fertilization has occurred, endometrial cells die due to decreased progesterone (degenerating corpus luteum)

i. Menstrual flow begins again (day 1)

Other Estrogen Effects 

1. Growth of reproductive organs to adult size and function

2. Growth spurt at puberty

a. Girls grow faster than boys at this time

b. Estrogen causes earlier closure of epiphyses of long bones

3. Secondary sex characteristics

a. Breast growth

b. Fat deposits (hips, breasts)

c. Widening of pelvis

d. Axillary and pubic hair

Female Sexual Response
1. Parasympathetic reflex

a. Clitoris, vaginal mucosa and breasts engorge with blood

b. Vaginal lubrication occurs 

i. Vestibular glands, cervical glands, vaginal mucosa

2. Sympathetic reflex 

a. Orgasm –muscle contractions of uterus

Study Questions– Reproduction

· Anatomy (Female/Male)

· Use the pathway of ova/sperm to learn the major parts

· What are the layers of the penis? Vagina? 

· How are certain muscles used for temperature control of the testes?

· What happens during excitation of both males and females?

· Male/Female Gametes

· Spermatogenesis

· What are the steps?

· What hormones are needed/produced

· What’s produced?

· What is the composition of semen

· Oogenesis

· What are the phases of Ovarian Cycle?

· What hormones are needed/produced? Who produces them?

· What’s produced?

· Remember things like follicles and the corpus luteum

· What are the phases of the ovarian cycle?

· What is shed during menses?

· Stages of Meiosis

· What are the stages?

· How do they differ from mitosis?

· What stage are the egg and sperm at when they meet?

Pregnancy and Human Development
Terms

· Pregnancy: events from fertilization to birth

· Gestation period: last menstrual period until birth

· Pre-embryo: two weeks following fertilization

· Embryo: 3-8 weeks ago after fertilization

· Fetus: 9 weeks – birth

Egg to Embryo 

· Oocyte viable for 12-24 hours after ovulation

· Sperm viable 12-48 hours, some up to 72 hours

· Fertilization occurs when sperm fuses with egg to form zygote (fertilized egg)

· Sperm transport

· Of the 200 – 500 million sperm only a few thousand will reach uterine tube

· Leak from vagina

· Destroyed by acidic vaginal secretions

· May not make it through cervix

· Destroyed by uterine phagocytes

· Sperm must be capacitated so enzymes in acrosome can be released

· Wait 6-8 hours before they can penetrate egg

· Acrosomal reaction

· Enzymes break down layers enclosing egg

· Sperm that come along after others have dissolved some of the coverings have a better chance

· A single sperm bends to oocyte membrane receptors sperm nucleus is pulled into egg cytoplasm

· Polyspermy (entry of more than one sperm) is blocked by 2 mechanisms

· Fast block – once one sperm contacts oocyte membrane, membrane depolarizes, preventing other sperm from binding

· Cortical reaction (slow block) – cortical granules release contents and Zona pellucida swells with water, other sperm detach

· Completing meiosis II

· When sperm enters egg finished meiosis, producing another polar body

· Maternal and paternal chromosomes combine (true moment of fertilization)

Preembryonic development

· Cleavage

· Rapid mitotic divisions

· 72 hours after fertilization, 16+ celled morula is formed

· Preembryo is moving through uterine tube

· Blastocyst

· 4-5 days after fertilization

· Floats in uterus

· Fluid filled sphere

· Trophoblast cells –will form placenta

· Inner cell mass forms embryo

· Implantation

· Trophoblast cells bind when right chemical signals received from endothelium

· It will detach and rebind lower in uterus if endometrium not mature

· Trophoblast cells secrete digestive enzymes and burrows into endothelium

· Process takes about 1 week

· Trophoblast cells secrete hCG (human chonrionicgonadotropin) which is similar to LH and keeps corpus luteum active (no menstrual flow)

· Placentation

· Placenta formed from embryonic and maternal tissue

· Chorion develops from Trophoblast cells, and form chorionic villi which push into endometrial tissue of mother

· Fully formed and functional at end of 3rd month

· Oxygen & nutrients ( embryo

· Wastes ( mother

· Blood does not mix, substances pass by diffusion

· Secretes hCG, estrogen, progesterone

Embryonic Development

· During implantation, blastocyst develops into gastrula

· 3 primary germ layers

· Embryonic membranes

· Embryonic Membranes

· Amnion

· Transport sac filled with ammotic fluid

· Protects embryo and maintains temperature

· Yolk sac

· Forms part of alimentary canal

· Produces first blood cells

· Source of gonadal germ cells

· Allantios

· Structural base for umbilical cord which connects embryo to placenta 

· Becomes part of bladder

· Germ layers form – gastrulation (during 3rd week)

· Ectoderm, mesoderm, endoderm

· Organogenesis (all systems present in basic form by 8 year old embryo

· Ectoderm – nervous system, skin

· Endoderm – epithelial linings and glands

· Mesoderm – most other structures

· Circulation – temporary structures

· Umbilical artery and vein

· Vein carries oxygen rich blood to embryo from placenta

· Artery carries low oxygen blood bask to placenta

· Ductus venous allows most of blood to by pass liver and empty into inferior vena cava

· Foramen ovale connects atria – bypass pulmonary circuit

· Ductus arteriosus connects pulmonary trunk to aorta – bypass pulmonary circuit

Fetal Development

· Growth and further differentiation

· 3 months –9-12 weeks

· Brain growth, most features present

· Liver begins functioning

· Blood cell formation

· Sex can be detected

· 4 mon/13-16 weeks

· General sensory organs differentiated

· Facial features developed

· 5 mon/14-20 weeks

· Fetal position

· Mother feels activity

· 6-7 mon/ 21-30 weeks

· Overall weight increase

· Myelination occurs

· Ossification

· 8-9 months/ 30-40 weeks

· Growth

· Lungs and temperature control development

Effects of Pregnancy 

· Reproductive organs become engorged with blood

· Vaginal sensitivity increases

· Breasts enlarge, areola get darker

· May be increased pigmentation of facial skin – chloasma

· Uterus enlarges

· Pressure on bladder

· Pressure on abdominal organs

· Lumbar curvature may change – lordosis (backache)

· Relaxin produced by placenta

· Pelvic ligaments and pubic symphysis widen and become more flexible

· Weight increase

· Breast

· Blood volume

· Other body fluids

· Placenta

· Uterus

· Fetus 

· Stores of fat

· Nutrition critical for developing baby

· Folic acid decreases risk of neurological defects

· ~ 300 more calories needed daily

· Metabolic changes

· Placental hormones

· Human placental lactogen (hPL) works with other hormones to stimulate milk production, also promotes fetal growth, causes maternal cells to use more fatty acids and save glucose for fetus

· Human chorionic thyrotropin (hCT) increases maternal metabolic rate (similar to TSH – thyroid stimulating hormone)

· Physiological changes

· Gastrointestinal system

· Nausea results until body adjusts to higher levels of progesterone & estrogen

· Acid reflux may occur due to crowding of stomach and displacement of esophagus

· Constipation due to decreased motility of digestive tract

· Urinary system

· More urine produced due to additional load of fetal wastes

· Stress incontinence (uncontrollable urination due to pressure on bladder may occur)

· Respiratory System

· Nasal mucosa becomes congested in response to estrogen

· Vital capacity and respiratory rate increase

· Dysphea (difficult breathing) may occur in last months of pregnancy

· Cardiovascular System

· Blood volume increases 25-40%

· BP and pulse rise, CO increase by 20-40%

· Uterus pressing on pelvic veins decreases venous return and may result in varicose veins

Parturition (birth)

· Estrogens reach highest levels (possible triggered by fetal hormone release)

· Myometrial cells of uterus form oxytocin receptors (antagonist of progesterone)

· Irregular uterine contractions occur (fake labor) as muscle becomes irritable

· Fetus produces oxytocin, causing placenta to release prostaglandins

· Uterine contractions increase

· Mothers hypothalamus releases oxytocin

· Positive feedback – contractions trigger oxytocin release which increase contractions

· Labor

· Stage 1 – dilation

· Weak, regular contractions begin in upper uterus

· 15-30 minutes apart, last 10-30 seconds

· Contractions become more vigorous and faster as lower uterus also begins to contract

· Baby’s head pushes against cervix, causing it to efface (become thinner) and dilate (fully, dialted = 10 cm)

· Amnion breaks, releasing fluid

· Lasts 6-12+ hours

· Stage 2 – expulsion

· Once cervix is fully dilated, contractions usually every 2-3 minutes and last 1 min

· Mother feels urge to push (bear down)

· 20 minutes – 2 hours

· Crowning – baby’s head visible

· May be episiotomy

· Stage 3 – placental delivery

· Usually ~15 minutes after baby is born

· Continued contractions cause placenta to detach from uterus

· Placenta and fetal membranes exit body (after birth)

The baby after birth

· First 4 weeks called neonatal period

· Baby’s health assessed at 1 and 5 min after birth

· Heart rate, respiration, color, muscle tone, reflexes assessed

· Build up of CO2 in blood (no longer removed at placenta) triggers first inspiration, which takes a lot of effort since lungs are collapsed

· Special blood vessels and shunts become functionally occluded within 30 minutes after birth (vessels constrict and become fibrous, foramen ovale closes)

Lactation

· Rising levels of hormones during pregnancy stimulate hypothalamus to release prolactin-releasing hormone (PRH)

· Anterior pituitary releases prolactin

· For fist few days milk is not yet produced

· Colostrum is produced during this time – rich in protein and antibodies

· Continued milk production due to infant stimulating mechanoreceptors in nipple which send impulses to hypothalamus which releases PRH

· These impulses also stimulate hypothalamus to release oxytocin which causes milk ejection and uterine contractions

· Helps uterus to return to normal size

· Breast milk advantageous for baby

· Easier to absorb and metabolize

· Natural laxative
Study Questions - Pregnancy
· What are the steps in fertilization?

· How long do the gametes live?

· What prevents Polyspermy?

· How do you get identical twins? Non-identical twins? Conjoined twins?

· Development

· When do we can the developing organism an embryo? Fetus?

· What characteristics can be determined at certain time periods

· When can you determine sex?

· What do the 3 germ layers develop into?

· What are the stages of cell division (blastocyst, morula, etc)

29 Heredity

General Info

· Genetics – the study of mechanisms of heredity

· Mendel – mid 1800s pea plant studies

· Darwin – together they could have shown the roots of natural selection

Vocabulary of Genetics (fig         )

· Nuclei are diploid – except gametes

· 23 pairs of homologous chromosomes (46) 

· One from egg – one from sperm

· 1 pair of sex chromosomes 

· 22 pair of autosomes

· Karyotype – complete diploid human chromosomal complement

· Genome – genetic make-up (DNA)

· Gene Pairs – Alleles

· Chromosomes are paired ( genes are paired

· Alleles - any two matched genes at the same locus (site) on homologous chromosomes

· Homozygous means that the two alleles are the same

· Heterozygous means the two alleles are different

· Expression

· Dominant allele - one that will mask or suppress the expression of the other allele

· Recessive allele is the allele that is suppressed by the dominant allele and will only be expressed in the homozygous condition

· Genotype and Phenotype

· Genotype - a person’s genetic makeup 

· Phenotype - how genotype is expressed in the body 

Sexual Sources of Genetic Variation (Figs.          )

· Segregation & Independent Assortment of Chromosomes

· During metaphase of meiosis I - alignment of the tetrads along the center of cell is completely random

· Allows for random distribution of maternal & paternal chromosomes into daughter cells

· Segregation

· In meiosis I the two alleles determining each trait are segregated, or distributed to different gametes

· Independent Assortment

· Alleles on different pairs of homologous chromosomes are distributed independently of each other

· Independent assortment of homologues during meiosis I can be calculated as 2n, where n is the number of homologous pairs

· Crossover Homologues & Gene Recombination


· Linked genes – on thee chromosome

· Recombinant chromosomes 

·  In meiosis I homologous chromosomes may exchange gene segments

· Crossover (chiasma) – break occurs between linked genes

· Random Fertilization

· Occurs because a single human egg is fertilized by a single human sperm in a completely haphazard basis

Types of Inheritance (Figs.          ; Tables           )

· Dominant-Recessive Inheritance

· Punnett square - determines the possible gene combinations resulting from the mating of parents of known genotypes

· Dominant traits

· Widow’s peaks, dimples, freckles, and detached earlobes

· Genetic disorders caused by dominant genes 

· Uncommon because lethal dominant genes are always expressed and result in the death of the embryo, fetus, or child

· Recessive traits 

· Can be things like normal vision, also include most genetic disorders

· Incomplete Dominance (intermediate inheritance)

· Heterozygote has a phenotype intermediate between those of the homozygous dominant and the homozygous recessive

· Sickle cell anemia – lowers oxygen level in blood, deformed RBCs

· Sickle cell trait – heterozygous for condition (10% of Afr Am)

· Make both normal & sickle cell RBCs

· Resistance to malaria

· Multiple-Allele Inheritance

· Genes exhibit more than two allele forms, such as blood type

· Sex-Linked Inheritance

· Traits determined by genes on the sex chromosomes are said to be sex-linked

· X-linked

· Male pattern baldness 

· Hemophilia, red-green colorblindness

· Y- Linked

· Genes with no X counterpart

· SRY gene for male development, hairy ear pinnae

· Polygene Inheritance 

· Continuous or quantitative phenotypic variation between two extremes

· Depends on several gene pairs at different locations acting in tandem

· Skin color

Environmental Factors in Gene Expression

· Environmental factors override or at least influence gene expression.

· Phenocopies - environmentally produced phenotypes that mimic conditions that may be caused by genetic mutations. 

· Environmental factors may also influence genetic expression after birth:

· Poor infant nutrition on brain growth, body development, and height

Nontraditional Inheritance 

· Genomic imprinting ( tags genes during gametogenesis as either paternal or maternal 

· Confers important functional differences in the resulting embryo

· Extrachromosomal (Mitochondrial) Inheritance

· Disorders have been traced to errors in mitochondrial genes that are transmitted to the offspring almost exclusively by the mother


Genetic Screening, Counseling, and Therapy (Figs.         )

· Genetic screening & counseling 

· Provides info for parents on child’s karyotype

· Carrier Recognition 

· If one of the parents displays a recessive disorder it is important to determine if other partner is a heterozygote (trait carrier)

· Can do pedigree, which traces a genetic trait through several generations

· Blood tests, both simple and a more sophisticated blood chemistry test,

· DNA probes can detect the presence of unexpressed recessive genes

· Fetal testing is used when there is a known risk of a genetic disorder.

· Amniocentesis - needle is inserted into the amniotic sac to withdraw amniotic fluid for testing

· Can check for Down Syndrome – extra autosome (3 of 21) 

· Causes difference in facial features and some mental retardation in some

· Chorionic villi sampling (CVS) - suctions off bits of the chorionic villi from the placenta for examination

· Human gene therapy and genetic engineering have the potential to alleviate or even cure diseases, especially those traced to one defective gene

· Can also be eugenics – can determine what kind of child you want

Chapter 29 – Heredity

· What does Complete Dominance mean? Incomplete dominance? Sex-Linked?

· What are examples of each?

· What does homozygous mean? Heterozygous?

· What does dominant and recessive mean?

· What are alleles? Genes?

· What is the difference between phenotype and genotype? 

· Can you complete a punnett square and answer questions about all of these?

· Do some practice ones!!!

