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The energy needed to synthesize ATP comes from energy released during the
break down of food and other chemical substances in the body. The coupling of energy
released and energy charged - a system called ‘‘coupled reactions’’ is the fundamental
principle involved in the metabolic production of ATP. Aerobic metabolism refers to a
series of chemical reactions requiring oxygen. Anaerobic metabolism refers to a series
of reactions without the need of oxygen. The ATP-PC or phosphagen system and the
lactic acid system are anaerobic, resynthesizing ATP from energy released during the
break down of phosphocreatine and glycogen respectively. These systems are used pre-
dominantly during the performence of high-power, short-duration activities (1-3 minutes).
The oxygen system ulilizes both glycogen and fats as fuels for ATP resynthesis, by chemical
reactions that take place in the mitochondria; this system yields large amounts of ATP
without fatiguing by-products. The aerobic system is used predominantly during endurance
tasks or low-power out-put activities.

The energy continuum of performance times can be divided into four distinctive
areas. Area one includes activities requiring less than 30 seconds to perform and the major
energy system is the stored phosphagens (ATP and PC). Area two includes activities re-
quiring 30 to 90 seconds to perform and the major energy systems are the ATP-PC and
lactic acid systems. Area three includes activities requiring between 1110 3 minutes to
perform and the major energy systems are the lactic acid and aerobic systems. Area four
includes activitives requiring performance greater than 3 minutes and the major energy
system is the aerobic or oxygen system.
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1. Type I (Slow twitching m.f., slow oxidation
m.f.)

2. Type IIA (Fast oxidation glycolytic m.f.)

3. Type IIB (Fast glycolytic m.f.)

1 3 uwuilgmasRuanshdatu amddnashat
31 Sports Medicine and physiology by Strauss,
R.H., 1984(")

Type 1 Type 11 A Type II B
General characters
Natural color Dark Dark Pale
* Capillary density High High Low
Histochem activity
Myofibrill as AT Pase pH 9.4 Low High High
Myotibrill as AT Pase pH 4.3 High Low Low
Succinic dehydroginase High High Low
Amylophosphorylase Low High High
* Glycogen Low High High
* Myoglobin High High Low
Lipid droplets High High Low
Electronmicroscopic features
* Mitochondria Many, Small Many, Large Few, Small
Z discs Intermediate Wider Narrow
Physiologic features
* Twitching Speed Slow Fast Fast
* Fatigability Resistant Resistant Sensitive
Other Nomenclatures
Stein 1962 B C A
Padykula 1966 Intermediate Red White
Yellin 1970 S FR FF
Burke 1971 SO FOG FG
Peter 1972
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Figure 1

Resynthesis of ATP through glycolysis, kreb’s cycle and electron trasport system.
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Figure 2 A. Pyruvic acid, the end product of
aerobic glycolysis, enters the kreb’s
cycle.
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B. Summary of the aerobic system from
kreb’s cycle (A) to electron transport
system and ATP resynthesis.
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Wl NADH, 3 # 4 Krebs cycle wiow  4H* + de~ + 0,——» 2H,0 + ENERGY.
fiu NADH, 8n 1 drau 1§ Krebs cycle (1u
;ﬂﬁ 1) Whg ETS w32 Respiratory Chain W
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ENERGY #léfiesazlustn ATP duanlng
1M ADP + Pi.
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ATP-PC System LA System 0O, System

Anaerobic Anaerobic Aerobic

Very rapid -~ Rapid Slow

Chemical fuel : PC Food fuel : Glycogen Food fuels : glycogen,
fats and protein

Very limited ATP production Limited ATP production Unlimited ATP
production

Muscular stores limited By product, Lactic acid, No fatiguing by

caused m. fatigue products

Used with sprint or any Used with activities Used with eudurance

high-power short duration of 1-3 minutes or long duration
activities.
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1. Stored ATP —» ADP + Pi + Energy (1 second)

Free energy
ATP (1 second)

2. Phosphagen system PC-——— Creatine + P + Energy (30 seconds)

ADP + Pi «L—V ATP

3. LA system. Glycogen 1 mol — glucose 2 mol + L.A. + Ener
. ADP + Pi j ATP (30-90 seconds)

4. Aerobic ATP

1 mol. glucose —— » 38 ATP
1 mol. FFA ——» 147 ATP
Amino acid ————— Pyruvic acid ———» ATP
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Figure 3 Energetics of track events in relation
to the three energy systems. - Total
amount of ATP required during perfor-
mance of the various events. (Based
on data from Fox, 1984),
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Figure 4 The power or rate at which ATP is
supplied during performance. (Based
on data from Fox, 1984).
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Weight llftmg 0 1100 100 meter dash R a
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Gymnastics Football , & o e a o 4
moﬂ;:tergz: Basketball Whaiu wwdeiuds 100 wendumilndaanusa
\ res lo""‘f‘w ' & Ia
ice hockey 3:;‘;“““ ahadsluszezomgu 9 10 miwd Sedesiinld
Feﬂclng A o -1 a o o
100 meter swim | 50| | o0 | %00 meer casn | wnduilenfla 1B ussliwdonusfia ATP-PC.
Tennis vrilneEndosweanusunnndl 9% 03 Max. Strenght.
Field hockey | 301 |70 | L2cTosse 39 200 was - 400 was JunnBflavisanauds

800 meter dash

200 meter swim
Boxing soﬂ‘—‘Lso

Skating (1500 meters)

Rowing (2000 meters) | 60-{—- 40

1 mile run 1500 meter run

400 meter swim

70 30

800 meter swim

Cross country mnmngL

0 Cross country skiing
Jogging

2 mile run sof-zo
3 mile run
Skating (10,000 meters) | 99.1 L 10

10,000 meter run
Marathon | 100

Figure 5 The energy continum and various sports
activities.
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Figure 6 During 1 hr. of cycling, the muscular
stores of triglycerids and glycogen supply
76% of the fuel, whereas the blood-
borne fuels (FFA + Glucose), account
for the remaining 24% (Based on data
from Essen and Co-workers, 1977).
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Figure 7 During prolonged exercise, the v e
of carbohydrate is at first greater n
that of fat : Fat usage slowly bec =
predominant as prerformance cont :s.
(Based on data from Christenser nd
Hansen, 1939).
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Figure 8 The kind of food we eat affects which
- fuel-carbohydrate or fat-will be more
or less available during subsequent exer-
cise. (Based on data from Christensen
and Hansen, 1939).
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Figure 9 Recation between amount and type of
energy during the energy continum.
(Based on data from Fox, 1969).
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RECOVERY PROCESS
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1. Restoration of muscle phosphagen.
2. Replenishment of myoglobin with oxygen.
3. Restoration of muscle glycogen
4, Removal of lactic acid from muscle and
blood.
foufleznanTeaziBunrasudaritazdioainna
dhlafiudn ““Oxygen Debt” (§yriau
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Figure 10 Components of oxygen DEBT. (Based
on data from Fox, 1984).
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Figure 11 Energetics of phosphagen replenishment.
(Based on data from Fox, 1984).
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Figure 12 Recovery time of phosphagen storage.
(Based on data from Hultman, 1967).
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Figure 13 The pattern of phosphagen depletion
and repletion. During intermittent exer-
cise. (Based on data from Saltin and
Essen, 1971).
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Restoration of muscle glycogen.
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Figure 14 The effect of diet on the rate of muscle glycogen replenishment following prolonged exercise.
(Based on data from Hultman and Bergstran, 1967, and Piehl, 1974).
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Figure 15 The effect of diet on the rate of muscle
glycogen replenishment following short
term, high - intensity, intermittent exercise.
(Based on data from Mac Dougall, et

al, 1977).
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Figure 16 The extent of muscle glycogen restoration
immediately after exercise. (Based on
data from Hermansen & Vaage, 1977).
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" Figure 17 The fate of lactic acid (removed from
blood and muscle during recovery period)-
(Based on data from Brooks & Gaesser
1980).
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Recovery Process
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Figure 18 Warm-up and warm-down.
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