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« Review of Metabolic Responses to Exercise
. What activities use what energy systems

« Assessing Sport/Work Specific Energy
Demands

. How to train specifically
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Review of the Energy Systems
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ATP: The “Common Intermediate” in Energy Transfer
“high energy phosphates” Adenine
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(sugar)
AMP
ADP

Adenosine Triphosphate (ATP) 4

3

Role of ATP in Cellular Energy Transfer
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Why Don’t We Just Store ATP in our Muscles? 4

ATP use by skeletal muscle at rest = 1 mmol / min / kg

For a 70 kg person with 30 kg of skeletal muscle...
ATP requirement = 30 mmol/min x 60 min x 24 h
= 43,200 mmol/day
=43.2 mol/day
(1 mol of ATP weighs 507 g)
=21.9 kg of ATP/day!!
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The Importance of ATP for Cell Function .
1. ATP functions to transfer free energy
2. Very little ATP is stored inside the cell
3. Cells strongly defend against a decrease in [ATP]
4. ATP production is carefully matched to ATP utilization
5. The resynthesis of ATP is an extremely rapid process
6. Loss of ATP “homeostasis” is a critical problem for cell
¢
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Main Food Energy Sources in Exercise Metabolism

Carbohydrates Lipids .
(CHO) (Fats) Protein
« glucose « fatty acids * amino acids
« glycogen « triglycerides
95-100% of total energy production
“fuel mix” depends on exercise intensity
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Energy “Systems”: Relative Rates of ATP Resynthesis '
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Overview: Energy Systems

System Location 0,? Fuel Storage Form
Phosphagen cytosol no phosphocreatine (PCr)
“Power” ATP
Glycolytic cytosol no glucose
“Speed” glycogen
Oxidative mitochondria yes glucose
“Endurance” glycogen
FAs
TGs
AAs

Phosphagen System
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Phosphagen System: Role of Phosphocreatine (PCr)

ate: - [ adenosine |(P)~(P)-(®)
per [ oreatine |-(P)

ATP + H,0 —ADP + P, +

PCr + ADP — ATP + Cr
Creatine kinase

PCr serves as immediate -
energy “buffer” @




Phosphagen system is very limited...

Muscle concentration (mmol/kg “dry weight”):

ATP: 25
total “phosphagens” = 100
PCr: 75

Rate of ATP utilization (mmol/kg/sec):
Rest: ~0.1 100-fold
Intense Exercise: ~10 increase!

System depleted within ~10 sec of hard exercise!

When do we rely on phosphagen system?

* “Rest-to-work” transition

« Transitions in workload during exercise

* Anytime very high rates of ATP production are required

 Predominates during intense exercise lasting <10 s

« sprinting, throwing, jumping, weightlifting
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Glycolytic System




Glycolytic System:

e
4

glucose R glycogen
(blood) glucose (6 C) (muscle)
G6-P G1-P
2 x pyruvate (3 C)
“Glycolysis”: breakdown of 1 molecule of glucose or G 1-P to form

2 molecules of pyruvate

“Glycogenolysis”:
molecule of G 1-P

removal of 1 “glucose unit” from glycogen to form 1
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What is the fate of pyruvate? o, Vi
glucose / glycogen /ﬂ—‘
. —— NAD - [ - Hi+e
~— NADH -
PDH
pyruvate acetyl CoA
. —— NADH
LDH
~— NAD
lactate w
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What'’s the problem with increased lactate?
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“LacticAcid” —H*

¥ muscle pH

i

“Metabolic inhibition”

(¥ enzyme activity)

Lactate -

“Contractile inhibition”

(¥ X-bridge cycling )




When do we rely on “glycolytic system”?

= “anaerobic glycolysis”
= glycogen-to-lactate

= “lactic acid system”
» Required for high rates of ATP production

» Predominates during heavy exercise lasting ~10-120 sec

* 400m race, hockey shifts, interval work

Oxidative System

V-

L
Oxidative System n
« occurs inside mitochondria
* requires adequate O, supply
- allows further breakdown of CHO much higher
* permits breakdown of fat and AAs yield of ATP

3 stages: 1. Formation of acetyl CoA (CHO, fat, AA)
2. Oxidation of acetyl CoA in Kreb’s cycle

3. ATP formation via electron transport chain
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When do we rely on “oxidative system”?

« Predominates during exercise lasting > ~2 min
« Permits “moderate” rates of ATP provision
« Higher yield of ATP per unit of “substrate”
e.g., CHO: 1 molecule of glucose (6C):
+ 2 ATP from glycolytic system
+ 36 ATP from oxidative system!
* e.g. FAT: 1 molecule of palmitate (16 C):

« 129 ATP from oxidative system!
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What is the better fuel?: CHO vs lipid

*e.g., glucose (6 C) vs palmitate (16 C)
CHO FAT

9

unlimited

kcal / g 4
capacity (kcal) ~1800
ATP / carbon 38/6=6.3 129/16=8.1
ATP/ O, 6.3 5.7

* CHO ~10% more “O, efficient”

« permits exercise at higher pace




Summary of Energy Systems

e

System Summary of Rate of ~ ATP/“unit” “Usable”

Overall ATP substrate storage

Reaction yield (i.e., 1 mol) capacity
Phosphagen PCr= Cr ~10 1 <10 sec
Glycolytic Glu/ Glyc ~5 2/3 <90 sec

=> Lactate
Oxidative Glu/ Glyc 2 ~25 36/38 ~ 90 min
(CHO) CO,, H,0
Oxidative FA/TG => ~15 ~129 days
(FAT) CO,, H,0

¢
AA Glu FA {}
330,5° Glycogen
%»‘mww. %
o drl:'.:‘lfh
Glycolysis Glycerol
FFA
Pyvate C——> Lociote
¢
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Take Home Points: Energy Systems

N

Take Home Points: Energy Systems (cont’d) ",\
3
i
Metabolic Response to
Exercise
¢
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ATP Resynthesis: The “Intensity — Duration Trade-off”

Intensity | 10 | © Phosphagen

\
\

(Rate of ATP 5 .
demand, mmol/ 5 Q Glycolysis
kg/sec) . Oxidative (CHO)
--------- [ @ FEEuu—
0 Oxidative (lipid)

(Length of time ATP can be supplied)
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Energy Systems: Relative Contribution at Maximal Exercise "’
seconds minutes
% 10 30 60 2 5 10 30 60+
Non-Oxid. 90 80 70 50 20 10 5 1
Oxidative 10 20 30 50 80 90 95 99
\ Tl
\, T
\ seconds T
N2 5 10 30 60 120 T
Phosphagen 80 55 40 10 5 <1
Glycolytic 20 40 50 70 60 50
Oxidative <1 5 10 20 30 50
¢
Elite Running Performance*: Relative Energy Contribution
Distance Duration (min:s) % Aerobic  %Anaerobic
100 m 9.79 10 90
400 m 43.18 30 70
800 m 1:41:11 60 40
1500 m 3:26:00 80 20
5000 m 12:39.36 95 5
10000 m 26:22.75 97
42.2 km 2:05:42 99 1
* men’s outdoor world records as of 21-Sept-00 P




How to Train Based on Duration of
Activity
Anaer;bic 7 Aerobic
(a?rgblgndepcndenl] i Al (aerobic dependent)
;’ !7 ) ) T
|
i | 3 L £ E | .h‘ | \-E F
Bompa, 2005

Theory on Specificity of Training
Based on Duration

o Developed in Eastern Europe in the 1950s

o Tested in European and North American labs
(Mcmaster)

zones

Bompa, 2005

o Uses physiological characteristics to define training
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Work:Rest Ratios 7
]
Repetitions vs. % 1 RM 4
100
% 80
1 60
RM so
40
20
1 5 10 20 30 40 50 60 100 150 200
Number of Renetitions ¢
i
Assessing Specific Energy
Demands
¢
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Assessing Specific Demands: Task Analysis 71
1) Physical Requirements
2) Time Motion Analysis
3) Physiological Analysis

Assessing Specific Demands: Task Analysis

Physical Requirements
. Strength
. Hypertrophy
. Strength
. Power
. Endurance
WEIJE |)

3

Assessing Specific Demands: Task Analysis

Physical Requirements
. Flexibility
. Static
. Dynamic
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Assessing Specific Demands: Task Analysis

Physical Requirements
. Neuromuscular Control
. Dynamic Stability

Assessing Specific Demands: Task Analysis

2) Time Motion Analysis
Temporal analysis of energy systems
A) Cyclical or continuous activities:

. Performance time indicates energy system
(s) involved

. Track, rowing, cycling, speed skating, typing

B) Acyclical and/or intermittent exercise
. Analysis of intermittent schedules
. calculations/interpretations (E:R ratio)
. Velocity, number of reps, total distances

._Team snorts_racauet snorts. factory line ¢

Assessing Sport Specific Demands: Sport Analysis &

3) Physiological Analysis

. Clinic/Lab
. Strength
. Flexibility
. Heart rate

. Anaerobic Power - Wingate — peak/
mean power

. Max blood lactate
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Assessing Sport Specific Demands: Sport Analysis

4. Physiological Analysis
Field Tests
. Aerobic Power — “Beep/Leger Test”
. Anaerobic Power
-Alactic - “jump and reach”
- “40 m dash”
-Lactic - “400m run”
- “30s activity”
. Strength
. Flexibility

Take Home Points: Task Analysis 7l

e  Know your energy systems: What are their relative
contributions at maximal exercise?

« What is the “weakest link” or limiting factor for the sport/
exercise?

« What are the activity specific demands?
Physical Requirements — strength, flexibility, neuromuscular
control
Time Motion Analysis — intermittent schedules, reps, intensity
Physiological Analysis — Clinic/Lab and field testing for aerobic/
anaerobic power
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Take Home Points: Activity Analysis

« Training Plan
. Develop an individual toward elite status or RTW-
identify the weak link

. Stress the appropriate energy system(s)

. Monitoring - physiological/field testing — evaluate
how effective the training has been

. Is the intensity of game/work vs. practice/training
similar
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o Squash Player:
« MCL tear Gr 11

« 6 weeks post injury — has maintained cardio base
and strength training for legs and is ready to
return to sport specific training

o Based on the energy demands of the sport:
« Design an injury specific gym program
« Design a sport specific drill

¢
!\(‘
Squash
a) Analysis
. intermittent exercise
. time/motion analysis (from Gilliam et al.,
in 7 male 6 female elite- 103 games)
« E:P of 3:1
.Lat: 15, For: 9, Back: 6, Lunge: 1
. physiological profiles
. VO2max — 84%, MHR — 91%,
La: 2.9
¢
u\“
b) Training
. aerobic VO,max and “maintenance of
peak power” - i.e. sustained highest
“aerobic” = anaerobic threshold
. fast twitch fibre
« Peripheral muscle specificity
. not anaerobic glycolysis
¢
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e Zone 4 Training
« Squash court suicides x 3 mins at 70% max
speed
« Rest 3 mins
« 4 sets, 3 times a week
« In 2" week- decrease rest to 150 s

LX8

o Gym program
. Circuit with squat, lunge (45, forward and back)
. g/sraises, h/s curls, leg extension
. core (side bridge, 4 pt kneeling leg extension)

¢ 3 x week, 40% 1RM, 90s of each exercise with a
30 s rest between exercises

o 2 min rest between circuits, 3 sets
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Thank you
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