Chapter 40

I.  Functional Anatomy Overview

A.  Form/Function

1.  anatomy-study of structure

2.  physiology-study of functions

B.  Function Correlates w/Structure

1.  elements form molecules (2 hydrogens and 1 oxygen form water), which form cells, which form tissue which form organs (most organs are composed of at least 2 types of tissue), which form organ systems (circulatory, respiratory), which form an organism; all organ systems work together for efficient workings of the organism; the respiratory system obtains O2, but the circulatory system is needed to transport O2

2.  tissue-groups of cells w/common structure and function; 4 major types:

a.  epithelia-covers outside of body (skin); lines organs and cavities

1)  closely joined by tight junctions; this provides a chemical and mechanical barrier 

2)  free surface- is exposed to air (skin) or fluids (lumen of hollow organs) 

3)  classification

a)  number of cell layers

i.  simple-1 layer

ii.  stratified-multiple layers

iii.  pseudostratified-1 layer; appears multilayered since cells are different lengths

b)  shape

i.  squamous-flattened

ii.  cuboidal-cube shaped; cells are tall as they are wide

iii.  columnar-column shaped; cells are taller than they are wide

b) one can combine layers w/shapes forming many cells types

i. simple squamous- needed in areas where diffusion occur; lining of the alveoli of the lungs; allows for exchange of O2 and CO2

ii.  simple columnar- needed in areas of secretion and absorption; lines most of the digestive system

iii.  stratified squamous-needed in areas subject to abrasion; esophagus, anus, skin (keratinized)

iv.  pseudostratified ciliated columnar- needed in areas for secretion and absorption, and contain cilia which helps sweep particles throughout areas such as the respiratory system

v.  transitional- needed in areas subject to stretching or volume changes; includes the urinary bladder and gall bladder

4)  glandular epithelia-absorb or secrete chemicals

a) mucous membranes-secrete mucus; may be used as lubrication; cilia may be present to move substances; the respiratory system and digestive system is lined by these membranes

5)  basement membrane- secreted by the epithelia is located deep to epithelia and lies between the epithelia and connective tissue beneath; (epithelia, basement membrane, connective tissue)

b.  connective tissue-provides structural support and binding and support; contains various cell types, fibers, and ground substance, depending on the tissue type

1)  cells

a)  fibroblasts- secrete collagen

b)  macrophages- phagocytic cells which ingest cell debris and pathogens

c)  mast cells-secrete histamine when damaged, causing increased vascular permeability and vasodilation (increased blood vessel diameter)

2)  fibers

a)  collagenous fibers- form collagen

i. most abundant fiber type in animal kingdom

ii.  non elastic; don’t tear easily

b)  elastic fibers-composed of elastin; elastic and flexible

c)  reticular fibers-thin and branched

3)  ground substance-living portion of connective tissue; may be semisolid (cartilage), completely solid (bone), or fluid (plasma of blood)

4)  types of connective tissue

a)  loose connective tissue-holds organs in place; binds to epithelia

i.  adipose-store fat as fuel and insulation; cells become larger if more fat is stored

b)  fibrous (dense) connective tissue-large amounts of collagen, generally in parallel bundles

i.  dense regular connective tissue- parallel bundles of collagen forming tendons and ligaments

ii. dense irregular connective tissue- some fibers run parallel to each other; line some of the deeper portions of many organs

c)  cartilage- collagenous fibers with a large percentage of water; matrix composed of chondroitin sulfate 

i.  chondrocytes-specialized cells that secrete collagen and chondroitin sulfate

ii.  strong and flexible; sharks are composed of cartilage; human fetuses are initially composed of cartilage, but by 8 weeks in utero cartilage becomes ossified 

d)  bone-mineralized connective tissue

i.  osteoblasts-deposit ground substance which is hardened with calcium and phosphate forming hydroxyapatite; bone is hard, but not brittle

ii.  osteoclasts-break down bone

ii.  osteon-units of bone; central canal has blood vessels and nerves [bone heals easier due to blood products being able to penetrate into bone; since cartilage or dense irregular tissue has no blood vessels, torn ligaments (ACL) take much longer to heal]

iii.  osteocytes-osteoblasts trapped in secretions

f)  blood-plasma is the ground substance

c.  nervous-senses stimuli, transmits signals; the neuron is the functional unit; contains a cell body w/many organelles; dendrites transmit impulses toward the cell body; axons transmit impulses to effector cells (muscle, glands, other neurons)-toward rest of neuron

d.  muscle-contract if stimulated by nerve impulse (muscle and nervous tissue are the only excitable tissue)

1)  most abundant tissue in most animals; myofibrils made of actin and myosin

2)  types

a)  skeletal-attached to bones by tendons; voluntary movement (one can purposely control movements) for locomotion; striated (alternating bands of light and dark); can increase in cells size but not cell number 

b)  cardiac-only found in the heart; branched; intercalated discs allow signal passage between cells for contractions in unison; striated; involuntary

c)  smooth-lack striations; involuntary; contract slower than skeletal but can remain contracted longer and requires less energy; found lining many organs

C.  Cavities

1.  thoracic cavity-upper cavity containing the lungs, heart, etc

2.  abdominal cavity-lower cavity containing most of the digestive organs; separated from the thoracic cavity by the diaphragm, a muscle responsible for inspiration (inhalation)

3.  pelvic cavity (some combine and call it the abdominopelvic cavity) contains the distal portion of the large intestine, urinary bladder, and some reproductive organs

II.  Body Plans and External Environment

A.  Physical Laws Constrain Animal Form

1.  surface-volume ratios- diffusion only occurs a few millimeters a minute; large, single celled organisms cannot efficiently transport substances long distances, so most single celled organisms are up to a few centimeters in size; generally a high surface to volume ratio is better 

2.  an organism’s body must be arranged so all cells bathed in aqueous medium

a.  a flat body provides maximum exposure to the environment; flatworms are thin dorsoventrally, which allows for efficient diffusion across the surface

b.  a thin layered body provides exposure to the external environment; a hydra is only 2 cell layers thick, allowing for diffusion

c.  larger organisms have folded internal surfaces to increase surface area; rugae of the stomach or circular folds (plicae circulares) of the small intestine

d.  complex body benefits

1)  an organism can live on land since the external surface doesn’t have to be bathed in water

2)  the internal body fluid (extracellular fluid) bathes cells, so the organism can control the composition of a solution

3.  body form plays a role in function; fusiform shaped organisms (aquatic organisms and even birds) have a “torpedo” shape, which prevents drag again water or air allowing efficient movement

III.  Regulating the Internal Environment

A.  Homeostasis- maintainance of a constant condition in the internal environment; steady state; the human body temperature is about 37C, and blood pH 7.35-7.45; only a narrow range can be tolerated until the body kicks in feedback mechanisms

B.  Feedback

1.  3 components

a.  receptor-detects change in variable

b.  control center-processes info (usually the hypothalamus or medulla oblongata)

 


c.  effector-shows response

2.  negative feedback-prevents major changes and sets substance or ionic concentrations back to its set point; in human body temperature homeostasis, if body temperature increases, this sends signals to the hypothalamus to increase vascular permeability (allowing heat to dissipate from superficial veins) and causes sweating (evaporation of sweat carry excess heat), allowing body temperature to cool; if temperature becomes too low, vasoconstriction can occur (keeping warm blood at the body core) and shivering can occur (muscle activity gives off heat), increasing body temperature

3.  positive feedback serves to amplify an effect; more rare than negative feedback; stretching of the uterus during early labor send signals to the hypothalamus causing the release of oxytocin from the posterior pituitary; this binds to receptors on the smooth muscle of the uterus causing greater contractions, which send signals for more release of oxytocin…..

IV.  Bioengergetics

A.  Animals Are Heterotrophs that Use Chemical Energy From Food

1.  animals require energy in the form of ATP to maintain basal or standard metabolic rate, growth, repair, or reproduction

B.  Metabolism

1.  metabolic rate-sum of all energy requirements (catabolism, anabolism), measured as (kilo)calories

2.  can be measured by 

a.  rate of heat loss using a calorimeter; good for small animals

b. O2 consumption or CO2 production

c.  rate of food consumption and energy content of food; must account for energy that cannot be used by the organism (energy lost in feces, urine)

3.  bioenergetic “strategies”

a.  endothermic-body temperature maintained by internal metabolism; requires more energy

b.  ectothermic-body temperature maintained by behavior; requires less energy; given an endotherm and ectotherm of the same size, the endotherm with require more energy; most ectotherms are incapable of intense activity over long periods; cheetahs are one of the fastest mammals but cannot keep the speed up for long periods (think Thundercats)

4.  smaller org require more energy therefore higher metabolic rates so faster breathing, blood volume, and heart rate are expected; mice have faster heart rates than elephants

a.  for endotherms, the smaller the organism, the greater the surface-volume ratio, so there is greater loss of heat to surroundings; thin women tend to get cold a lot faster than larger men

b.  not necessarily true for ectotherms

D.  Animals Adjust Metabolic Rates as Conditions Change

1.  basal metabolic rate (BMR)-metabolic rate of nongrowing endotherm at rest w/empty an stomach, no stress, slightly reclined position, and little mental activity; in humans, higher BMR in males; hormones, size, sex, genetics, or temperature can play a role in BMR

2.  standard metabolic rate (SMR)-metabolic rate of fasting, resting, nonstressed ectotherm; must be determined at a specific temperature

3.  amount of energy used for BMR or SMR varies between species; a small endotherm like a mouse requires most of its energy to maintain its temperature, whereas an active hunter may require more energy for activity; ultimately, a larger organism like a human will use more total calories than a mouse, but in terms of energy expenditure per unit mass, the mouse will use much more energy than a human

