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§  Intro	
  
§  Pass	
  tense	
  –	
  No	
  “I”	
  
§  Provide	
  background	
  –	
  Why	
  

§  Results	
  
§  Table	
  and	
  graph	
  –	
  need	
  description	
  

§  Discussion	
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  to	
  the	
  intro	
  +	
  results	
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Lesson	
  Plan	
  
§  Energy	
  (creation)	
  
§  Muscle	
  contraction	
  
§  Energy	
  source	
  
§  Resting	
  metabolisim	
  

Objectives	
  
•  Introduction	
  to	
  exercise	
  

physiology	
  
•  Understand	
  the	
  principle	
  of	
  

energy	
  prodution	
  
•  Identify	
  the	
  common	
  usage	
  of	
  

ATP	
  
•  Define	
  muscle	
  contraction	
  
•  Introduced	
  to	
  energy	
  

expendature	
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Energy	
  management	
  

§  ATP	
  
§  Role	
  
§  Production	
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§  Mechanic	
  
§  Chemical	
  
§  Transport	
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Jarrett
Highlight
Dragging molecules through a membrane

Jarrett
Highlight
ATP to do mechanical work (contraction)
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Energy	
  currency	
  
(Adenosine	
  triphosphate-­‐ATP)	
  

http://designbuildsource.ca/2012/09/quebec-­‐construction-­‐inquiry-­‐resumes/	
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How	
  is	
  ATP	
  produced	
  

Glucose	
  	
  
+	
  O2	
  	
  

O2	
  	
  

CO2	
  	
  

Glucose	
   ATP	
  
CO2	
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§  Derived	
  from	
  degradation	
  of:	
  
§  Glucose	
  
§  Protein	
  
§  Lipids	
  

How	
  is	
  APT	
  produced	
  ?	
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Jarrett
Sticky Note
Dont need to know structure

Jarrett
Sticky Note
Circulatory system


Jarrett
Sticky Note
body cells

Jarrett
Sticky Note
ATP is not the only product of eating, so is heat... some heat is lost, the rest is used....Junk builds up, lactic acidosis occcurs with exercise. 
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§  Potential	
  energy	
  

How	
  is	
  APT	
  produced	
  ?	
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How	
  is	
  APT	
  produced	
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Nutient	
  +	
  O2	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Energy	
  +	
  H2O	
  +	
  CO2	
  +	
  	
  

Unit	
  of	
  measure	
  :	
  
Calorie	
  

	
  1000	
  calories	
  =	
  1	
  kcal	
  
	
  
kcal	
  =	
  Quantity	
  of	
  heat	
  
needed	
  to	
  raise	
  1	
  liter	
  of	
  
water	
  by	
  1	
  degree	
  
Celsius	
  

Glucose	
  =4	
  kcal/g	
  
Protein	
  	
  =4	
  kcal/g	
  
Alcohol	
  	
  =7	
  kcal/g	
  
Lipids	
  	
  	
  	
  	
  	
  =9	
  kcal/g	
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§  Transformation	
  of	
  energy	
  in	
  ATP	
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How	
  is	
  APT	
  produced	
  ?	
  

ATP	
  

Jarrett
Sticky Note
Carbon diox and water together = trash

Jarrett
Highlight

Jarrett
Highlight

Jarrett
Highlight

Jarrett
Highlight

Jarrett
Sticky Note
Calorimetry

Jarrett
Sticky Note
From men to women, the ratio of mitochondria to muscle mass is equal... From athlete to non-athlete...
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Oxygen	
  uptake	
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Muscle Mitochondria Lungs Heart 
Blood 

(Adapted from:  Wasserman et al. Principles of Exercise Testing and Prescription, Lea & Febiger,1987) 

CO2 flow 

O2 flow CO2 prod. 
Creat.-PO4 

Pyr - Lac 
O2 consum. 

Expired 

Inspired 

Peri. 
circ. 

Pul. 
cir. 

Dilate Recruitment 

Muscle activity O2 and CO2 
delivery 

Ventilation 

Physio. response 
⬆SV 

⬆HR 

⬆VT 

⬆f 

VCO2

VO2QO2

QCO2

VA+VD =VE

QCO2⬆	
  

QO2⬆	
  

ATP	
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Production	
  of	
  ATP	
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Production	
  of	
  ATP	
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ATP	
  ADP	
   +	
  H2O	
  +	
  P	
  Énergie	
  +	
  

Biologic	
  work	
  
  Pump	
  Na+/K+	
  AtPase	
  
  Synthesis	
  (DNA,	
  RNA)	
  
  Macromolecular	
  transport	
  
  Enzymatic	
  reaction	
  
  Muscle	
  contraction	
  

Jarrett
Sticky Note
Outside world

Jarrett
Sticky Note
Lactic acidosis cycle... to produce more energy from lactic acid...Heart uses the lactic acid in heart contraction... The liver uses Lacid too.
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Production	
  of	
  ATP	
  

Mitochondria 

http://www.nsf.gov/news/overviews/biology/interact08.jsp	
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Muscle	
  (PCr)	
  

Glycolysis	
  

Oxidation	
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Production	
  of	
  ATP	
  
(PCr	
  to	
  ATP)	
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PCr	
  

Creatine	
  
kinase	
   Creatine	
  

Pi	
  

Energy	
  

ADP	
  

Pi	
  

ATP	
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Production	
  of	
  ATP	
  
(Glycolysis)	
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Jarrett
Sticky Note
Phosphate
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Production	
  of	
  ATP	
  
(Glycolysis)	
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Production	
  of	
  ATP	
  
(Glycolysis)	
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Production	
  of	
  ATP	
  
(Oxydation)	
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Jarrett
Sticky Note
Degrade fat sources and metabolise to produce energy... Slow system
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Production	
  of	
  ATP	
  
(Oxydation)	
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Muscles	
  

§  Anatomy	
  
§  Contraction	
  
§  Fibres	
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ATP	
  –	
  For	
  what	
  ?	
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Jarrett
Sticky Note
Aerobic requires oxygen to produce energy
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Muscle	
  anatomy	
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Muscle	
  anatomy	
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Muscle	
  contraction	
  

Jarrett
Sticky Note
Calcium activation is used to initiate the actin-myosin attachment
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Muscle	
  contraction	
  

http://www.youtube.com/watch?v=gJ309LfHQ3M	
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Muscle	
  fibres	
  
(Biopsie)	
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Muscle	
  fibres	
  
(Biopsie)	
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Muscle	
  fibres	
  
(Biopsie)	
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Muscle	
  fibres	
  
(Biopsie)	
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Muscle	
  fibres	
  
(Biopsie)	
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§  Fibre	
  types	
  
§  I,	
  IIA,	
  IIB	
  

Muscle	
  fibres	
  
(Biopsie)	
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Energy	
  systems	
  

§  PCr	
  
§  Glycolysis	
  
§  Oxidation	
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Energy	
  systems	
  

Mitochondria 

http://www.nsf.gov/news/overviews/biology/interact08.jsp	
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Jarrett
Sticky Note
darker type is higher oxidated muscle fibres for longer (Type 1: long twitch)
lighter ones produce more powerful energy that dont least long (Type 2b: fast twitch (bigger fibre=more power))

Bron with the ratio of fibres type
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Energy	
  systems	
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Energy	
  systems	
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Energy	
  systems	
  
(Phospho	
  creatine)	
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Jarrett
Sticky Note
** immediate energy line (blue)
** Short term energy (yellow)
** Long term energy (red)

Jarrett
Sticky Note
LAB STUFF
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Energy	
  systems	
  
(Glycolysis)	
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Lactate	
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Energy	
  systems	
  
(Glycolysis)	
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Energy	
  systems	
  
(Glycolysis)	
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Jarrett
Sticky Note
Blood acidosis prevetns efficient muscle contraction (regard constant run and jump)

Jarrett
Sticky Note
Train below lactic threshold 
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Energy	
  systems	
  
(Oxydation)	
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Type	
  of	
  fuel	
  
  Blood	
  glucose	
  
  Hep	
  +	
  intramuscular	
  glucose	
  
  Fat	
  
  Little	
  protein	
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Energy	
  systems	
  
(Oxydation)	
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Type	
  of	
  fuel	
  
  Blood	
  glucose	
  
  Hep	
  +	
  intramuscular	
  glucose	
  
  Fat	
  
  Little	
  protein	
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Energy	
  systems	
  
(Recovery)	
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Holmyard et al. (1994)[4] with a 
group of subjects who 
performed 6 second sprints with 
recovery intervals from 15 to 
180 seconds found that there is 
a 81% recovery in peak power 
output (PPO) with a 1 minute 
recovery and a 92% recovery of 
PPO in 3 minutes. 

Recovery time 
(seconds) 

PPO recovery 
(%) 

15 68,7 

30 73,6 

45 78,1 

60 81,0 

120 88,2 

180 92,2 

HOLMYARD, D.J. et al. (1994) Effect of recovery on 
performance during multiple treadmill sprints. London: E&FN 
Spon 
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Energy	
  systems	
  
(Recovery)	
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Lanza et al. Age-related changes in ATP-producing pathways in human skeletal 
muscle in vivo J Appl Physio 2005;99:1736-1744 

ATP synthesis 
rates from 
these pathways 
during maximal 
voluntary 
isometric 
contractions  
 
8 (20–35 yr), 
8 (65–80 yr) 
men	
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Energy	
  systems	
  
(Recovery)	
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Recuparation time 
Minimum Incomplete 90-95% Complete 

PCr 2 min 5 min 

Glycolisis 5 hrs 18 hrs 72 hrs 

Oxidative 30min-1h 2-3 hrs 18 hrs 48 hrs 
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Energy	
  systems	
  
(Recovery)	
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Jarrett
Sticky Note
getting rid of lactic acid
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Energy	
  systems	
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  brief)	
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Energy	
  systems	
  
(In	
  brief)	
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  systems	
  
(Recovery)	
  

51	
  

Lanza et al. Age-related changes in ATP-producing pathways in human skeletal 
muscle in vivo J Appl Physio 2005;99:1736-1744 

Time (sec)	
  

Young 
(20-35 yrs)	
  

Jarrett
Sticky Note
Glycolysis for short term
Oxidation for long term
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Energy	
  systems	
  
(Recovery)	
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Lanza et al. Age-related changes in ATP-producing pathways in human skeletal 
muscle in vivo J Appl Physio 2005;99:1736-1744 

Time (sec)	
  

Young 
(20-35 yrs)	
  

Old 
(60-80 yrs)	
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  systems	
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  brief)	
  

53	
  

Copyright	
  Martin	
  Noel	
  2012	
  

2012-­‐11-­‐20	
  APA	
  1161	
  

Energy	
  systems	
  
(In	
  brief)	
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Resting	
  metabolic	
  rate	
  

§  Total	
  energy	
  expenditure	
  
§  Resting	
  energy	
  expenditure	
  
§  MET	
  

2012-­‐11-­‐20	
  APA	
  1161	
  

Martin Noël, Ph.D.  
ACSM certified Exercise Specialist®  

martin.noel@uottawa.ca 
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Total	
  energy	
  expenditure	
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Total	
  energy	
  expenditure	
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Resting	
  energy	
  expenditure	
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§ Factor	
  affecting	
  
§  Thermic	
  effect	
  of	
  food	
  
§  Climate	
  
§ Hot	
  
§ Cold	
  
§ Altitude	
  

§  Pregnancy	
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Resting	
  energy	
  expenditure	
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§  MET	
  
§  Metabolic	
  equivalent	
  
§  3.5	
  mlO2	
  •	
  kg-­‐1	
  •	
  min-­‐1	
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Resting	
  energy	
  expenditure	
  

www.whyiexercise.com/metabolic-­‐equivalent.html	
  

Jarrett
Sticky Note
women less efficient in energy expenditure to make sure they sustain enough energy (child bearing and other reasons)
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Metabolic	
  equivalent	
  

www.whyiexercise.com/metabolic-­‐equivalent.html	
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