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Phosphagen System

AADP + Cr P zZ ATP + Cr

A Levels of ATP and CrP in muscle
AATP ~ 20-25 mmol x kg dry mass
ACrP ~ 75-85 mmol x kg? dry mass

A Maximal rate of ATP turnover
A~ 15 mmol x kg dry mass x sec?!

A Without the ability of CrP to buffer ATP
levels, ATP depletion would occur within
~ 1.5 seconds of maximal exercise
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Glycolysis/Glycogenolysis
Blood glucose \ /\ Glycogen
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Oxidative Phosphorylation
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What is Fatigue?

Al any e xnduced reduetion in the
ability to exert muscle force or power,
regardless of whether or not the task
can be sustainedo (G
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Force vs. Power LosSS
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Figure 5. A comparison of the peak power, measured from Fig 4, and the force and half
time of relaxation of the last isometric contraction of each fatiguing sequence.
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What is Fatigue?

A Fatigue is correlated with, but not
synonymous with:

I Performance
I Pacing

I Endurance
| Lassitude
I Lethargy

I Tiredness
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ls fatigue all in f/our head? A critical review of the central

governor mode

JP Weir, T W Beck, J T Cramer, T J Housh

Br J Sports Med 2006 40:573-586. doi: 10.1136/bjsm.2005.023028

A Travis W. Beck, University of Oklahoma
A Joel T. Cramer, University of Oklahoma
A Terry J. Housh, University of Nebraska

imsm —_—
DES MOINES UNIVERSITY



Central Governor Model

Aiéf atigue should no
considered a physical event but rather a
sensation or emotion, separate from an
overt physical manifestation - for
example, the reduction in force output
by the active muscl e
{0[015)
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Central Governor Model

AiPeri pheral Fatiguebo
source of sensory feedback to the CNS,
so that loss of contractile performance
per se Is not the cause of fatigue or
regulator of performance.
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Skeletal Muscle Rigor

AiPer haps the most i n
In exercise physiology Is the one that Is
not often asked:

of high

Intensity and short duration (seconds to
minutes) or when their fuel reserves are
depleted during more prolonged
exercise |l asting two
(Noakes et al BJSM 2004)
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Why No Rigor With Fatigue?

A CGM: the CNS regulates MU
recruitment so that ATP consumption
and production are matched, thus
preventing rigor.

A Down Regulation Theory: muscle
fatigue serves as a protective
mechanism to prevent catastrophe
(rigor) from occurring during high
Intensity exercise.
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A Russ et al JAP 2002
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Potential Sites of Fatigue

ACentral Nervous System
I Brain
I Spinal Cord
ANeuromuscular Junction

A Skeletal Muscle

I Substrate depletion (CrP, ATP, Glycogen)

I Metabolite accumulation (Lactate-, H*, P,
NH,4")

I Excitation Contraction Coupling

AAP propagation (K* efflux, Na*-K*ATPase
pumps)

ACa** release from the sarcoplasmic reticulum
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Pharmacological, Nutritional, and

Supplement Strategies
A Caffeine

A N-acetylcysteine (NAC; anti-oxidant)
A H* buffering
AHCO,
A B-alanine/carnosine
A Creatine
A COX-2 inhibition (attenuates increase in core temp)
A Ribose
A CHO loading
A Water
A Aspartate
A EPO/Blood Doping

imsm "E%f-——"—
DES MOINES UNIVERSITY



Re-Thinking Lactate
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Peak Lactate- Concentrations

A Elite Kenyan male distance runners
post-VOzmax test ~ 10 mM (VO,max =
78 ml-kgt-min)

A Cyclists i VO, max test

I Elite amateur ~ 9.4 mM (VO,max = 73
ml-kgt-mint peak power = 428 watts)

I Professional (Tour de France) ~ 7.4 mM
(VO,max = 73.9 ml-kgt-min-t; peak power
= 466 watts)

I Lance Armstrong ~ 6.5-7.5 mM
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Calbet et al JAP 2003

I
[>
o
®
2

i Endurance

blood lactate” responses to Wingate test

Femoral venous
Lactate (mmol.L™")

21 ¢ Normoxia

| T T T I | il |
0 100 200 300 400 500 600 70O
Time (s)

e

il
Z
i
D

DES MOINES § UNIVERSITY



Nummela et al J Sports Sci 1992
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Krustrup et al MSSE 2006

Y
2
|

L)

oo
i

N
_
_
o
=
E
e
&
o
©
©
o
o
0

" Soccer game v
B o 8

O

an=60+04 mM Mean =50+ 04 mM
First half Second half

15 30 45 60 75 90 105 120

Time (min)

¢

DES MOINES § UNIVERSITY




Krustrup et al MSSE 2006

Blood lactate (mmoL-L™")
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FIGURE 4—Individual relationship between muscle and blood lactate
concentration after intense exercise periods in the first hall and
during a soccer match. The filled squares and open squares represent
measurements performed in the first (r® = 0.25, P >0.05) and second
halves (r* = 0.06, P = 0.05), respectively.
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Lactic Acid or Lactate?

Table 3. The pKa vaiues of the “acid intermediares”
of glycolysis and lactare

Carboxyhe Acid Intermediates of Glycolysis

3-Phosphoglycerate
2-Phosphogycerate
Phosphoenolpyruvate
Pyruvate

Lactate

Robergs et al, 2004
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Lactate- or Lactic Acid?

AHumans produce al most n

Instead humans produce lactate-

AG-6-PY pyruvicacidY | acti c ac+HHhoY | act at
AG6-P Y pyrYvlaacet at e

A The Z paddidity) that occurs with high
Intensity exercise does not come from lactic
acid production
I ATP hydrolysis
I glycolytic flux
I Water (Stewart model)
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Does Acidity Cause Fatigue?

A Perhaps not at physiologic
temperatures

A Effect may not be important unless with
extreme pH decreases.

A Other potential fatigue agents
I Pi
I Ammonia
i Substrate depletonY Z ATP turno
I Extracellular K* accumulation
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Lactate- and Fatigue?
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Fig. 3 RPE-overall, egs and RPE-breathing/chest during
60 min constant g (*P<0.05 vs. 20 min: RPE-O,
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(values are means and standard deviations)
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Interpret Lactate With Caution

A muscle versus blood

A capillary vs. venous blood
A whole blood versus plasma
A fully lysed red blood cells?
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Peripheral Fatigue T Beyond
Lactic Acid

A Inorganic Phosphate (Pi)
A Extracellular K+ accumulation

A Myofibrillar Fatigue i independent of
muscle activation and metabolite
accumulation

A Free Radicals
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Westerblad et al NIPS 2002

T-tubule

A: direct effect on myofibrils,
Ca** sensitivity

B: effect on Ca™* regulation
by the SR

¢

DES MOINES § UNIVERSITY




o0

[C32+]myo (HM)

l|“

(ii)

IINIIHHHIHI||IIHHI;UHQ Ll

1 min

(ii)

(iv)
(m) |

' ’!ll

caffelne

(iv)

caffeine

DES MOINES § UNIVERSITY



Does MU Activation Decline With
Fatigue?
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Newham et al
JAP 1991
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FIG. 4. Measured (Meas) and estimated (Est) forces of quadriceps
(means + 5!1'5 for 23 subjects) after dynamic fatigue during isometric
and 1sr:nh_;|ne:tm contractions at 2 velocities. After dynamic fatigue there
was a significant difference between measured and estimated forces

!iurling 1sometric contractions and slower isokinetic ones (P < 0.001),
indicating an inability to activate fully,
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Millet et al Can J Appl Physiol 2003
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Voluntary activation:
Before = 99.4%
After = 98.4%

(twitch interpolation)
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