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Energy substrates (Nutrients) that gives us
energy:

Carbohydrates -
Fats

Proteins

They are used to produce ATP or stored

*Digestion

Glucose

Fatty acids

Amino Acids




g keal

Carhohydrates
Liver glycogen 110 451
Muscle glycogen 500 2,050

Glucose in body 15 62
fluids

Total 625 2563
Fat

Subcutaneous 7,800 73,320
and visceral

Intramuscular o1 . 48513

Total 7,961 74,833

Note. These estimates are based on an average

body weight of 65 kg (143 1b) with 12% body fat.




ENERGY SYSTEMS
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The ATP-CP/Phosphagen Energy System

Muscle Contraction

ATPase

LN

Creatine kinase -

oﬂ Creatine + Pi




Short-Term Performances (10—-180 s)

A
T Muscle _..i:‘”’_-f___ ]

and ;
blood H+ Glycolysis + PC VO,

T (40—-90% ATP) (10—60% ATFP)

Buffers 7




[H]
Lactate
accumulation

g / Hydrogen

lons [H*].

GLYCOLYSIS:
Cet120g

2 ATP. v
JI onorgy input 2 ADP- INAD* = ‘

4 ATR] =

snaray outp 2 pyruvate :

ay output Py = ; . “Actin {thin) Samen
yas bridgos
Mvoman (check) Mamenl

4 ATP nol

LACTATE 2 D
. elecirons, hydrogen
FORMATICON; * romMADH | ‘

2 lactala

Skeletal Muscle muscle excitation-contraction
Cell/Fiber coupling



Muscle Lactate Metabolism
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Aerobic process of energy release

Glucose Pyruvate x\*\\ =)
i H.___,! 3

"-,_l
Sy ".
‘1o )
b H / G . 1\ b ;’
R \ b
.l'l
b

Plasma vl

membrane :
: B

Mitochondrion

Cytoplasm

Extracellular fluid

Capyright & The MeGrave-Hill Companiei, ne. Permiziian required har repradiction er diaplay




Aerobic Performances (2—20 min)
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Aerobic Performances (21-60 min)
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Acrobic Performances (1—4 hours)
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make the difference
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N Cardiovascular
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PWAPTRAINING INTENSITY
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ENERGY SYSTEM INTERPLAY DURING EXERCISE TO
EXHAUSTION

Total energy dem

AEROBIC ENERGY SYSTEM

*Main source of energy from 30sec +
(point when oxygen supply has increased
sufficiently to contribute ATP)
*Unlimited capacity to work unless
insufficient fuel supply (food)

ATP/PC SYSTEM

*Main source of energy in
first 10 sec

*Peaks in output at approx
356

*Fatigues quickly due to
depletion ATP/PC

10 20 30 60 2rnin I4':r|ir'+
Bainas “Time




Fuel source

Limit of fuel source

Byproducts

Intensity of exercise
when system is
dominant

Circulated nutrients
(oxygen as a catalyst)

The body's ability to
process oxygen.

ATR, CO2, H20

Low to moderate:
higher intensities for
efforts lasting longer
than 2 minutes
"Significant overlap
with anaerobic system
at higher intensities
for events longer than
2 minutes”

Glycogen (stored
carbohydrate) in the
muscle and liver

At 100% intensity: 10
seconds to 2 minutes
“The limiting factor at
maximum intensity is
the build up of
glycogen stores”

ATP, Lactic acid

High to very high for

longer than 10 seconds
(upto 2 or 2.5 minutes
at maximum intensity)

Stored ATP and CP

Upto 10 seconds

ATP, Creatine

Very high intensity:
explosive movements

(upto 10 seconds,
unless stores have
time to replenish)




Recovery of fuel stores after
use

Athletic abilities developed
by training this system

Use in triathlon

Highly dependant an
intensity

Lower Intensity, 6 to 24
hours

Higher intensity, 24 to 36
hours

Aerobic power (highes
intensity that still involves
the aereblc axyagen systam)
Lerobic endurance (ability of
the body to supply muscles
with oxygen for leng periods)
Muscular endurance

Dominant system in
triathlon: all companents

50% replenished in 30
seconds

2 minutes for completa
restoration (if resting)

Rate of lactic acid removal
25% in 10 minutes

50% in 25 minutes
100% in 75 minutes

*low intensity can help
"flush” lactic acid out of the
muscles and facilitate faster
reCOVery

Replenishment of glycogen
following continuous, high
intensity endurance activities
60% in 10 hours

100% in 48 hours

Replenishment of glycogen
following intermittent
activity

0% n 2 hours

23%a i 2 hours

100% in 24 hours
:Inorder to replenish
alycogen stores, athletes
must cansume carbohydrate
rich foods”

Muscular endurance
(repeated muscle
contractiopns)

Speed Enduranca(moving
as fast as possible; 10
seconds to 2 minutes)

Power [moving agalnst
resistance or a force as fast as
passible)

Maximum speed (upto 10
seconds)

Race starts, surges, rapid
accelerations and,/or power
increases upto 10 se conds

Supplement to asrobic
capacity at high intensities
(2.g. surges, accelerations,




METABOLISM: Effects of Exercise Intensity

Plasma glucose
Plasma FFA
IMTG

Muscle glycogen
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Relative exercise intensity (% of VO, max)

Romuyn et al. Am. J Phsyiol. Endocrin. Metab. 265: E380-E391, 1993.




Table Il. Estimates of anaerobic and aerobic energy contribution
during selected periods of maximal exercise

Duration of exhaustive % Anaerobic % Aerobic?
axercise (sec)

UA0 94
‘i 88
0-20 2
0-30 ,
0-45

0-60

0-75

0-90

0-120

0-180

0-240




WHAT IS LACTATE?

3 Glycolysis yields Pyruvate

s In anerobic glycolysis Pyruvate is
converted to Lactic acid

2 Lactic acid is highly unstable,
dissociates

1 Na+ / K+ Lactate



WHEN DOES IT INCREASE?

2 Increases as exercise intensity increases
s Steep increase at 50 - 60% of VO2 Max

u Anaerobic Threshold / Lactate
Threshold / Lactic Acid Inflection Point

2 Onset of Blood Lactate Accumulation =
4 mmol/litre






Fiber type: Determine your
performance

Fiber type can indirectly be assessed by EMG (motor recruitment, force generation etc.)

£, € P

ST

| / \
long UISIEIJ: 400m / 800m Short Sprints
Type 1 Type 2A Type 2B
Slow twitch Fast twitch oxydative Fast twitch glycalytic
Low 2

;’iﬁ‘ High

Fatigue rate



Anaerobic threshold point would determine the ability of Athlete

100

95

90

85 b

80 - ANAETODIT  f———
Thrasholds 6

75

10

i
0.J

Athlete 1 Athlete 2

60

VO, .., of 2 Athletes with different ATs. Athlete-2 is
better adopted with higher AT




The functional significance of
the lactate threshold (T,..)

m  Whilst a high VO, max is a prerequisite for success '
in endurance events...

m The ability to sustain a high % of VO, ., without
accumulating fatigue is of greater importance

— T is a functional index of muscle metabalism

~ Lactate inhiLits lipolysic (utilisation of fat)

- Accelerated glycogen utilisation ahove Ty,

~ Well-trained marathon runners operate just above
Tlac "

» T is a functional index of muscle fatigue

~ High levels of H+ interfere with:
» enzyme activity
s cross-bridge attachments




Lactate threshold even influences
high-intensity performance

Case study: Jones, A. M. (1998). A five year physiological case study of an
Olympic runner. Brit. J. Sports Med.32: 39-43
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The functional significance of
the lactate threshold (T,,.)

= ldentifying the T,.. is importance to
endurance athletes:

— Sets the highest work-rate that can be sustained
without fatigue or rapid glycogen depletion
~ Useful for setting upper limit of ‘aerobic’ or

‘steady’ training
S Heart rate {bpm) !
[e— pam
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T 160 | /’/ 1
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£ 130 ; v : 123
120 -
i 41
110 - e ] j b

100 i}

14 15 16 17 18 18 20 N 22 13 M
Running spead (km/hr)




Imbalance between rates of glycolysis
and mitochondrial respiration

- WA

Hydrogen release in glycolysis
a2  Glycolysis requires NAD* to ‘strip’ the H* atom from
3-phophoglyceradehyde
H* are passed to NAD™ to from NADH



Imbalance between rates of glycolysis
and mitochondrial respiration

N

Hydrogen release in glycolysis
»  Glycolysis requires NAD* to ‘strip’ the H* atom from
3-phophoglyceradehyde
H* are passed to NAD* to from NADH

NADH transports H* to electron transport chain where
they are used to re-synthesise ATP



Factors that influence the production
and oxidation of lactate

How does endurance training help raise the lactate threshold?

Increased delivery of O,
T sV = 7 cardiac output
+ T Capillarisation

2. Increased utilisation of O,
« T Mitochondrial volume and enzyme content
T Capillarisation

1 + 2 = lower necessity for anaerobic glycolysis at a given workload
= lower lactate production
Increased oxidation of lactate
T LDH heart type : LDH muscle type

T CapiVarisation
T lactate transporters



Maximal lactate steady state (MLSS)

11 ~ =T mihr. —s—3Rkmyhr  —a— 43 km/hr  —=—dikma/hr  —=— 50 km/h¥

In constant-load exercise
individuals can actually
sustain an intensity higher
than the T,,., at which blood
[La] is greater than at rest
but not increasing over
fime

The highest intensity that can
be sustained where there is a
balance between lactate
production and its removal
from the blood is known as
the maximal lactate
steady state (MLSS) (Heck
et al 1985)
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Lactate Profile
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Monitoring: (Aerobic capacity/ indices)

J Maximal oxygen uptake
(VO

Zmax)

JAnd running economy




FOMIT 7Y
Characteristics of Several Types of Cyclic Exercises From an Energetics Viewpoint

L T A i o e

Type of exercise ' Anaerobic | Aerobic-anaerobic
Duration of exercise
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Zones of Training Workload for Young Athletes in Endurance Events

Exercise
energetics

Aerabics

Aerobic-
anaerabic

Aerobic

anaerabic

Anaerohic

Anaerobic

Goals

1. Regeneration,
maintenance, and
adaptation to
long-lasting
BXercises

and improved
RCONOIMY |
2. Development of
aerobic powerand |

capacity

3. Intensive
exercises for
improved |

performance |
4. Critical

EXErclses

5. Ower critical

&, Maximal

Time of main
exercise (min)

45-120
up to 150
upto 180

15-45

8-20

15=4( 5

Upto15s

{ 1.5-2.5

1.0-2.0

2.5=-4.0

4.0-7.0

{.0-10.0

=10.0

Indivici

Blood lagtate
f (mmmol/-L)

al

Heart rate
(bpm)

| 130=150

100-130

| 150-180

170-190

' 180-200

Up to 200

Training
mean

Regeneration runs

Extensive runs

Endurance runs
Fartlelk
Cross-country runs

Intensive

endurance runs

LONg repetition runs
Extensive interval runs

Endurance tempo runs
Intensive interval runs
Time trials

Speed endurance runs
[empo runs

Time trials

Speed-development
FUNS

Short repetitions of
maximal or sub
maximal velocities




Lactate Values of Vat umuﬁn.ﬁgﬁxer{:segm mp ewi rathon Runners

Exercise

Recovery viorkout
Extensive enurance
nfensive enderance
Tempo endurance

Eitensive intervals fartle]

Intensive intervals

' Blood lactate
- (mmol/L)

il

' Exercise intensity
- (%of marathon velocity
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