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Anatomy and Physiology

Are the study of the structure (anatomy) and function 
(physiology) of the systems that make up organisms
Bodies of multicellular organisms are somewhat 
arbitrarily divided into systems, commonly listed as:
– Cardiovascular, Urinary, Respiratory, Digestive, 

Musculoskeletal, Integmuntary, Immune, Nervous,  Endocrine 
& Reproductive

What are they, and what do they do?  



Homeostasis

The regulation of the internal environment to stay 
within the boundaries necessary for life.
– Nearly coequal with reproduction as “the” function of life.  The

function of “staying alive” 

Dynamic maintenance of steady state of aspects of the 
interstitial fluid that bathes all tissues.  Regulated 
aspects include:
– Temperature
– pH (acid/base balance)
– Concentrations of glucose, oxygen, other ions, etc.
– Pressure & flow (mostly of blood)



Anatomy terms

Most specific body parts are named in latin
Directional terms are used relative to the part:
– Superior – toward the head
– Inferior – away from the head
– Anterior – toward the front (of the body or part)
– Posterior – toward the back 
– Medial – toward the midline
– Lateral – to the side (away from the midline)
– Proximal – closer to the torso
– Distal – farther away from the torso



Cardiovascular system

Heart: 
– Muscular control of 

circulation of the blood.  
– 2, 3 and 4 chambered hearts

Blood:
– Plasma (liquid component)
– Cellular (red blood cells, 

white blood cells, platelets)
Vessels:
– Veins (return blood to the heart)
– Arteries (take blood from the heart)
– Capillaries (exchange among blood and intercellular fluid)



The human heart

Pumps blood simultaneously through two circuits
– Pulmonary circuit passes blood 

through the lungs for oxygenation. 
– Systemic circuit distributes 

oxygenated blood to the body

Four chambers.  
– Left Artrium (A, receives blood from lungs)
– Left Ventricle (B, pumps blood to body)
– Right Atrium (C, receives blood from body)
– Right Ventrical (D, pumps blood to lungs)
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Blood

Cellular elements
– Red blood cells: transport oxygen and H+ ions
– White blood cells: many types; immune response 
– Platelets: part of clotting process, insure 

maintenance of closed circulatory system. 

Plasma (liquid elements)
– Water & salts/ions
– Proteins (clotting, osmotic regulation, pH buffering, etc.)
– Nutrients (e.g. glucose, amino acids, cofactors)
– Waste products (e.g. CO2, NH4)
– Hormones (circulating signaling molecules)



Blood Vessels

Blood interacts with interstitial fluid and cells at the 
capillaries.  
– No cell is more than a few millimeters from a capillary!
– Arteries and veins transport blood to and from (respectively) 

capillaries via 
arterioles and venules.

Arteries have lots of 
smooth muscle, and are
a key component in 
maintaining blood pressure
Veins have valves to prevent backflow.



Cardiovascular Hydraulics 

Unusual hydraulic system in many respects
– Closed, elastic system
– Blood is at positive pressure, regulated by vasculature 
– Heart fills passively, and therefore circulatory rate is determined 

by pressure, not the other way around.  
• Pressure is regulated by fluid input (liquid from gut), output 

(urinary system) and elastic compliance of the vessels
• Passive filling ensures volume equilibria between pulmonary and 

systemic systems.
– Flow from the heart is intermittent, flow to it is continuous 
– Pumping of the heart creates a pressure differential between 

arteries and veins



Urinary system

Kidneys, ureters, bladder, urethra.
– Filter the blood to remove 

surplus and waste molecules
and ions.  Also concentrates 
ions when supply is low

– Adrenal glands are on top of
kidneys, but considered
part of the endocrine system

Kidneys get 20% of 
arterial blood
– Contain 1M+ nephrons,  which remove nearly all small 

molecules and ions, then return needed ones to blood



The Nephron

Blood enters the glomerulus
under pressure, causing water,
small molecules and ions to 
diffuse into Bowman's capsule
Nephric filtrate (plasma – protein) flows
into tubules, where glucose, ions and other products 
are actively transported back into the blood.  Water 
follows by osmosis.
– All glucose and amino acids, and approximately 99.5% of water 

and ions (salts) are reclaimed.  Even 50% of urea.
– 170L water/day processed, but only about 3L/day of urine



Homeostasis and 
the Urinary System 

Kidneys regulate the ionic composition of the blood 
(including pH), but also blood pressure
Renin/Angiotensin system
– Kidneys secret several hormones and the enzyme renin.
– When blood pressure drops, kidneys secrete renin, which 

cleaves angiotensinogen into angiotensin II. 
• Angiotensin II causes the arterioles to 

constrict, immediately raising pressure.
• Also, causes the adrenal gland to 

secrete aldosterone, which increases
sodium retention, increasing blood 
volume, and therefore pressure.



Respiratory system

System includes mouth, nose, trachea, 
lungs, and diaphragm
– Function is gas exchange, primarily

oxygen and CO2 by diffusion
Lungs are surrounded by sealed pleural cavity.  
Diaphragm and rib cage expand this cavity under 
muscle control to create vacuum.
Trachea splits into bronchial tree; smallest branches 
(bronchioles) end in alveoli.
– Surface area of alveoli is 70m2! 40 times skin...



Alveoli

~600,000,000 alveoli in an adult.
Very thin squamous epithelial 
cells line the alveoli, which are
surrounded by capillaries and
connected to each other by pores.
Covered in surfactant
– Prevents collapse on exhalation. 
– Reduces surface tension 15x, making inflating the alveoli on 

inhalation require 1/15 as much pressure differential
– Secreted by specialized (type II) epithelial cells



Digestive System

Esophagus, stomach, large 
and small intestine, liver, 
gallbladder and pancreas
Breaks down foods, converts
to useful energy, detoxifies
and remove waste products
In order to be absorbed, macromolecules in foods have 
to be turned into small molecules (e.g. amino acids, 
fatty acids & simple sugars)
Symbiotic intestinal bacteria are required! 



Digestive tract

Tubular digestive tract (mouth, esophagus, stomach, 
intestines) is made of 4 layers, called tunics.
– Tunica serosa outermost mesenchymal covering
– Tunica muscularis, is smooth muscle that provides motility
– Tunica submucosa contains nerves and blood vessels
– Tunica mucosa innermost layer, 

varies throughout the tract, with 
specialized epithelium for secretion 
of digestive enzymes, absorption, or
production of hormones. 



Liver

Portal vein brings in substances absorbed from the 
intestine, ramifies into capillaries located in thousands 
of lobules, which are packed with hepatocytes.
– Hepatic vein brings oxygen
– Bile ducts take exocrine bile 

(for digesting complex lipids to 
simpler fatty acids) to gut

Regulates homeostasis of
glucose, circulating proteins,
fat, cholesterol, some hormones and vitamins 



More liver functions

In addition to homeostatic functions, liver does many 
more things:
– Synthesizes many biomolecules, including glycogen, clotting 

proteins, bile, angiotensinogen, estrogen, growth hormones, 
cholesterol, and many other keys molecules.
Also produces certain immune factors.

– Interconverts amino acids, glycogen/glucose, etc.
– Detoxifies metals and reactive species (cytochrome p's) 
– Stores fats, glycogen, some vitamins, metal ions 
– Filters out and excretes old red blood cells (bilirubin, the 

breakdown product of hemoglobin, is excreted in bile)



Gallbladder and Pancreas

Gallbladder stores and concentrates bile
– Bile, synthesized by the liver, is a complex acqueous  mixture of 

acids, cholesterol and phospholipids
– Bile is recirculated, being secreted into the stomach and 

reabsorbed from the small intestine.

Pancreas secretes digestive enzymes
– “Dangerous” proteolytic enzymes are synthesized as large 

inactive precursors (e.g. trypsinogen -> trypsin) 
– Lipases digest fats & amylases convert starches to sugars
– Bicarbonate, which neutralizes stomach acid
– Also, endocrine insulin and glucagon hormones regulate 

carbohydrate and lipid metabolism



Musculoskeletal system

Musculoskeletal system is
the largest in the body
– The ~650 skeletal muscles make 

up nearly ½ of  body mass. 206
bones provide support and (in 
bone marrow) produce blood cells.

Typical muscle crosses a joint, and 
is attached to bone via tendons; bones are attached to 
each other by ligaments
Muscles can contract, are elastic (return to original 
shape) and are excitable (by nerves)



Muscle cells & Myosin

Muscle cells (fibers)
– A single cell extend the entire 

length of the muscle
– Multinucleated
– Contain long myofibrils, consisting of parallel protein 

myofilaments, in turn made of proteins actin and myosin
Myosin forms cross-bridges with actin
– Ratcheting effect moves myosin down actin fiber when 

contracting.  Each step requires one ATP
– Tropomyosin inhibits interaction.  Tropomyosin binds Ca2

+, 
releasing inhibition.  Nerve stimulation causes Ca2

+ influx
Myosin/Actin also mechanism of cell motility



Integumental system

Skin (hair, feathers, teeth, claws, etc.) is an organ 
system with many functions:
– Homeostatic for temperature, water, ions (salt)
– Protective, sensitive (multiple nerve types), secretory (6 types: 

sebum, sweat, apocrine, ear wax, tears, mammary)
– Respiration in reptiles, insects

Three layers: 
– Epidermis: outermost, tough, 

thick (5 layer, no hair) & thin (3 layer) 
– Dermis: inner, contains glands, nerves
– Fascia: connects skin to other structures.



Immune System

Defends body against invading 
organisms (and some cancer)
– Determination of self vs. non-self by 

cellular histocompatibility proteins 
– Epitopes (regions) of foreign molecules

Cellular and molecular components
– Lymphoid organs: thymus, spleen, lymph nodes, bone marrow.  

Connected by lymphatic vessels
– Lymphocyte: immune system (white blood) cell. B-cells, T-

cells, Killer cells, Myeloid cells
– Antibodies: constant & variable chains, recognize antigens



Immune cells and molecules

Myeloid cells mediate inflamation 
and phagocytosis (“eating cells”)
Lymphoid cells produce antibodies
and can recognize and kill invaders

– B-cells secrete specific antibodies (by 
DNA rearrangments).  Activated B cells
become plasma cells (immunity) 

– T-cells, both “helper” which activate 
B-cells, and directly cytotoxic “killer” cells.

– Both kinds of cells secrete cytokines, signals that trigger 
growth, death, and other cellular responses



Endocrine system

Glands that release hormones 
(signaling  molecules) into the blood
– Hypothalamus: brain gland, secretes  

hormones that control other endocrine glands
– Pituitary: governs onset of puberty, circadian rhythm, etc.
– Thyroid: regulates metabolic rate
– Parathyroid: regulates mineral levels: Ca, P, Mg, etc. 
– Adrenal: produce estrogen, progesterone, steroids, cortisol, 

cortisone, epinephrine, dopamine, etc. 
– Pancreas: regulates carbohydrate and lipid metabolism
– Ovaries/Testes: sex hormones 



Reproductive system

Organs for producing gametes (gonads), ensuring 
fertilization, gestating embryos


