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General Info
Ginette Hupe
Office Hours Monday MCD 305B 2-5
Assignments (20%)
· 4 x 5% each
· Due:
· Sept. 29th
· Oct. 20th,
· Nov. 10th 
· Dec. 5th
· Submitted electronically on virtual campus
Midterm exams (30%)
· 2 x 15% each
· Thurs. Oct. 13th 
· Nov. 17th, 2011
· 80 min each
· Midterms will NOT be cumulative
· Short answer (half page) and essay-type (short!)(one page) questions
· (No make-up midterms. If absence is justified, component attributed to missed midterm will be added to the final exam)
Final exam (50%)
· Will cover all of the course material
· Short answer and essay-type (short to long) questions

Introduction to Physiology

What is physiology?
· The study of the function of organisms as integrated systems of molecules, cells, tissues, and organs, in normal and diseased states
· Study of all aspects of how animals (organisms) work, from the molecular level to population level
· Incorporates and integrates concepts from many fields
· Chemistry, physics, math, molecular biology, ecology among others
· Comparative approach

The History of Physiology
· Hippocrates (Father of Medicine, ~460BC)
· Aristotle (Father of Natural Life History ~384BC)
· Galen (199AD) Founder of Physiology 
· Middle Ages, Renaissance
· 18th century: Bodily functions a combination of both physical and chemical processes
· 19th century: Cell Theory; ‘Internal Millieu”
· 20th century: Watson and Crick, comparative physiology, integrative
Physiology is an Integrative Field
Many subdisciplines; classified by:
A. Biological Level
a. Cellular and molecular physiology
b. Systems physiology
c. Organismal physiology
d. Ecological physiology
e. Integrative physiology
B. Process that generates variation
a. Developmental physiology
b. Environmental physiology
c. Evolutionary physiology
· Combination of applied and pure research

Unifying Themes in Physiology

1. Physiological process obey the laws of chemistry and physics
a. Animals are made of matter, same physical and chemical rules apply
b. Chemical properties of biological materials confer specific characteristics suited for different roles
i. Structure-function relationships key
c. Mechanical concepts related to flow, pressure, resistance, strain, fluid dynamics etc apply to physiological systems
d. Electrical potentials as a physiological currency
e. Electrical activity involved in processing and signalling within and between cells
i. Coordination
f. Cells establish charge differences across biological membranes by moving ions and molecules to create ionic and electrical gradients
i. Potential difference, membrane potential
g. Muscles and neurons
2. Physiological systems are tightly regulated (Physical Regulation)
a. Two strategies for dealing with environmental changes
i. Regulators
1. Regulators regulate their variable so it stays within an acceptable range, no matter changes in the environment
ii. Conformers
1. Conformers adapt to changes in their environment
b. Regulators maintain physiological variable within narrow range despite external perturbations
c. Enantiostasis: maintenance of function when physiological variables are changing
i. e.g. Maintain membrane fluidity at different temperatures thereby retaining transport functions
d. Homeostasis: the maintenance of internal constancy
e. Physiological systems are regulated using feedback loops
i. Negative feedback loops: regulate parameter within optimal physiological  range 
1. Sensors detect deviations from set-point
2. Responses act in direction opposite to perturbation
ii. Positive feedback loops: lead to explosive response
1. Maximize changes in regulated physiological parameter
3. Physiological process are the product of both the genotype and the environment
a. Phenotype: morphology, physiology, and behaviour
i. Product of processes at many levels of organization: biochemical, cell, tissue, organ, and organ system levels
ii. Results from interactions between an individual’s genotype (genetic makeup) and the environment
b. Single genotype can result in more than one phenotype
i. All cells contain same genotype but regulated in different combination to produce specific cell types and tissues 
ii. Phenotypes change over time
c. Phenotypic plasticity: a single genotype can produce more than one phenotype depending on environmental conditions
i. Physiological changes can be irreversible or reversible
1. Remodel physiological processes in response to external conditions
ii. Acclimatization: process of physiological change in response to naturally changing environmental conditions
iii. Acclimation: process of change in response to a controlled or manipulated environmental variable
d. Polyphenism: development under different conditions results in alternative adult phenotypes (developmental plasticity)
i. These are irreversible changes
e. Reaction norm: continuum of phenotypes produced by a given genotype influenced by different conditions and environment 
i. Phenotypic traits determined by combination of genotype and environmental factors
1. Determined by underlying physiology
ii. Different phenotypes confer different benefits
1. Selective reproductive fitness
iii. Can lead to changes in genetic makeup of population over evolutionary time
4. Physiological diversity is the result of evolutionary processes
a. Physiological systems show tremendous variability
i. Variability arises through adaptive and random evolutionary processes
b. Adaptation: a product or process that changes in a population over evolutionary time by natural selection
i. May be used synonymously with a change in physiology that confers an advantage over course of an individual’s lifetime
ii. We use it exclusively in the evolutionary context
iii. Adaptive traits arise by evolutionary processes such as natural selection and confer increases in reproductive success
1. Result from processes that occur over multiple generations
iv. Requirements for adaptive evolutionary change:
1. Must be trait variation among individual 
2. Trait must be heritable
3. Trait must increase fitness 
4. Relative fitness of different genotypes depends on environmental conditions
v. e.g. Insecticide resistance
1. Individuals with mutations conferring resistance to neurotoxic insecticides survive and reproduce
c. Physiological diversity is the result of evolutionary processes
i. Some variations are not adaptive
1. Genetic frequencies can change due to random events (genetic drift, Founder effect)
d. Evolutionary relationships predict morphological. physiological and behavioural similarities
i. Some physiological properties shared across all organisms while others are restricted to particular phylogenetic lineages
ii. Closely-related species have more similarities in physiological systems than distantly related ones
e. Here we will take a comparative approach
i. Homologous and convergent similarities across groups
ii. Abundant specializations
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