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(Ta udpoyéva pac araAAdooouv amd To diAAnpa)

TTepiopiCouv Tn PUTKA AciToupyia
Meiwvouv Thv Tpoodeon TWV EYKAPTIWY YEQUPWY
AvaoTéAAOUV Th HEYIOTN TaxUTNTA OUOTOANC
AvaoTtéAAouv Tn dpaon Tng ATPaong
AvaoTéAAouv T YAUKOAUTIKR pon
AvaoTéAAouv Th oUvdeon Ca2+ pe TRV Tpomovivn
AvaoTéAAouv Thv emavappopnon Ca2+ peow ATPaong

(nac AUvouv To mpoPAnua?)
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MaAakTiko (La-):
Aev mpokaAei HUiKO Kaparo
PonOa-ouppeTEXEI-OUVIPAKE!
Kal evioxUel duvapika

TOV EVEPYEIAKO HETAPOAIOHO
wapayeTar Xwpic ofuyovo (avacpopia)
dcev egival opwe avaepoPioc HeTaPoAiTng
TdpdyeTdl KAl HE TNV mapoucdia ofuyovou
Hill (1924): n éAAeiyn ofuydvou aufavel To yaAakTiko

«

MaAakTiko (La-):

Aev eppaviler, dev npokaAei kaTwAia,

dev dnpioupyei KatwyAia
H 3ikn oac emiAoyn oTnv KapmUAN yaAakTikoU
HE Th YVWON TWV QUCIOAOYIKWY AEITOUPYIWY
ONHIOUPYEI TO KAAUTEPO «<KATWPAI»
ONHIOUPYEiI TO OIKO 0AC «<KATWPAI»

Lactate (mM)
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MeTapopéac yaAakTikoU - udpoyovou
(HeTapoAikn o§éwon - pH)

Sarcolemmal and T-Tubular Lactic Acid Transport

CO,+ H,0&5H* + HCO; HCO, + H" =% CO, + H,O

extracellular
75 acidification

| ~

extracellular
alkalinisation

— |
. Laclale
a H+B&HB | HB&SH™+F
intracellular . intracellular
~acidification i alkalinisaﬁof’/,

Lactate Influx — —Lactate Efflux

Hallerdei J, Scheibe RJ, Parkkila S, Waheed A, Sly WS, et al. (2010) T-Tubules and Surface Membranes Provide Equally Effective Pathways
of Carbonic Anhydrase-Facilitated Lactic Acid Transport in Skeletal Muscle. PLoS ONE 5(12): e15137. doi:10.1371/journal.pone.0015137

Schematic cooperation of the MCT4 and the three membrane-bound CAs in lactic acid transport across the sarcolemma

CA: Carbonic Anydrase
MCT: MonoCarbohylate Trasporter

T-Tubule

Hallerdei et al. (2010)
PLOoS ONE 5 (12): e15137

About half of lactic acid transport occurs via the surface membrane, supported by the buffering action of CA XIV and CA IV. The other half
occurs via the T-tubular membrane and is supported by the buffering action of CA IX. The removal of lactic acid from the T tubules occurs by
outward diffusion of lactate, while the H+ are transported out by an inward diffusion of HCO3 in combination with an outward diffusion of CO2,
a CO2- HCO3 shuttle. This removal mechanism operates effectively in spite of the long diffusion distance from the T-tubule interior to the
extracellular space due to very large concentration gradients of lactate and HCO3 that can build up along the T-tubule. These gradients and
the mobility of protons are much smaller in the sarcoplasm of the fiber.
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QU1te 10 La- oute 10 Ph e0Buvetal ila 10 Hu‘lki' Kénoooi

Exhaustion is not due to lactate accumulation and the associated muscle acidification;
neither the aerobic energy pathways nor the glycolysis are blocked at exhaustion.

Muscle lactate accumulation may actually facilitate early recovery after exhaustive
exercise even under ischaemic conditions.

Exhaustion depends more on central than peripheral mechanisms
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PRE POST 1 -min
Normoxia (P102 = 143 mmHg) & hypoxia (PIO2 = 73 mmHg)
Occlusion in one leg. Biopsies (vastus lateralis) obtained 10 and 60 s after the end of the sprint
*P < 0.05, compared with PRE; 8ANOVA time effect POST vs. 1-min occlusion P < 0.05.
Morales-Alamo and others (2015) J Physiol DOI: 10.1113/JP270487
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To La- dev TTopAVYEl

-UETABOAIKO CO2 KOtd TNV ACKNO

Lactic acid buffering, nonmetabolic CO2 and exercise hyperventilation:
A critical reappraisal
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Bicarbonate is not the main buffer
of H+ in the muscle cell

Metabalic buffers
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Physcicochemical buffers

F. Peronnet, B. Aguilaniu / Respiratory Physiology & Neurobiology 150 (2006) 4-18
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£T0BOAIKO CO2 KATA TNV AOKNC

Lactic acid buffering, nonmetabolic CO2 and exercise hyperventilation:

H+ buffering in the muscle, acid—base balance and hyper-
ventilation in ramp exercise does not appear to be valid
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At the present time there is no comprehensive explanation for the
control of ventilation in response to exercise below or above AT

LUNG

A critical reappraisal ] .
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«<AvaegpopPpio KaTtweAi»

2. UvOeon-ouvduaoHOC

aspoPiac 1kavoTnTag

OPOHIKAC OIKOVOHIAC
Kal avroxng

Causes of lactate turnover
during exercise

® intracellular function of
glycogen metabolism

* function of cell-cell lactate
shuttles




Causes of lactate turnover
(oxidative steady state)

optimal power output

* mitochondrial phosphorylation
® cytosol phosphorylation

- oxidative energy
- glycolytic energy

Lactate plays a key role
in many intracellular functions
during exercise

18/11/2015



Consequences of the whole body
and intramuscular lactate turnover

* The concept of anaerobic threshold (AT)
- Lactate threshold (LT)
- Ventilatory threshold (VT)

Consequences of lactate kinetics

* Lactate turning point

° Lactate breaking point

* Onset of Plasma Lactate Accumulation (OPLA)
® Onset of Blood Lactate Accumulation (OBLA)
* Maximal Steady State (MSS)

° Maximal Lactate Steady State (MLSS)

Question: Which is the proper one?

18/11/2015
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Consequences of lactate kinetics

* Log-Log threshold point

* Fixed lactate threshold points (2, 3, 4 mM)
* 1 mM above resting or exercise baseline

* Individual anaerobic threshold

° A tangent threshold point (45° or 51°)

* The slope index model (45°)

Question: Which is the proper one?

Consequences of lactate kinetics

Transitional steady state
® Critical power

* Fatigue threshold
* Bicarbonate threshold

* Plasma ammonia threshold

* Electromyography (EMG) threshold

* Heart rate threshold (popular but invalid)

Question: Which is the proper one?
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La curve shifts to the right with training

z J |
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Lactate (mM)

Oxygen consumption (ml~kg'1-min'l)

Tokmakidis, Leger, Pilianidis, EJAP 1998

The rightward displacement of the La curve that occurs with

training is partly due to the increase of the maximal speed or

VO,.x Values. Most of the time, when there is an increase in
VO,x. there is also an increase in AT.

SHesiioH:
Which is the proper AT point?
Tokmakidis, 1990

12 T

10 +

Lactate (mM)

25 35 45, 55, .65
Oxygen consumption (ml-kg -min ")

Various AT points used in the literature give different intensities
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Lactate threshold is considered to be a reliable
and powerful predictor of performance

(Many reports have presented high correlation with running performance)
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Running speed (kmh™")

any point on the lactate curve correlates equally well with performance

e
Selected AT points

v" a conventional lactate threshold
v a fixed lactate level of 4 mM
v" a point of 1 mM above baseline
v" a log-log threshold point

v a slope index point
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La data were fitted to a continuous nonlinear regression
(slope index model with specific tangents)

y=a+bexp(cx)

Lactate (mM)

Running speed (kmh™")

The fixed lactate concentration of 3-8 mM

Lactate (mM)

15

Running speed (km'h'l)
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The lactate concentration of 1-6 mM above baseline

Lactate (mM)

Running speed (km~h'1)

15.000m 10.000m 20.000m  42.195m
kmeh1 kmeh-1 kmoh1 kmoh-1
()]

FLa-3mM 0.930
FLa-5mM 0.949
FLa-6mM 0.949
FLa-7mM 0.948
FLa-8mM 0.946

AB-2mM 0.942
AB-3mM 0.944
AB-4mM 0.944
AB-5mM 0.943
AB-6mM 0.942

T30-La 0.923
T40-La 0.934
T50-La 0.938
T60-La 0.936
T70-La 0.926

15



Any lactate point can be used
as a “threshold” or as a performance index

Runner's performance 47:12

Average speed: 18.98 km:h™*
Corresponding La: 5.41 mM
FLa-8mM

FLa-7mM

FLa-6mM
FLa-5mM

FLa-4mM

Lactate (mM)

Running speed (kmh™)

The knowledge of the physiological consequences of a chosen La level
is what counts and not the AT point itself

The anaerobic threshold is expressed
in different units

Absolute units of AT
- running speed (km/h)
- VO, (ml/kg/min)

Relative units of AT
- % SPEED
- % VO2max

max

18/11/2015
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It is recognized that any AT point represents a sub-maximal value

AT - UNITS RUNNING ENDURANCE
ECONOMY

SPEED kmvh-1

VO2 mbkg b min-1

% VO2 max
% SPEED max

The differences
among the La
curves are reduced
when speed units
are transformed
in VO, units.

Lactate (mM)

Running speed (km~h'1)

This is the effect
[ of running economy
| which disappears
when the speed
units are
35 45 55 65 expr‘essed
Oxygen consumption (ml-kgmin™) in VO2 units.

Lactate (mM)

18/11/2015
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Lactate (mM)

Lactate (mM)

When AT is normalized
according to the
maximal running speed
and it is expressed
as 7%SPEEDmax,

aerobic power,

. ) running economy
Running speed (km'h) and perhaps endurance
are removed.

© POOR RUNNER
O AVERAGE RUNNER

5 ELTERUNER This in turn reduces
the differences among
runners and it
eliminates the

SPEED kmeh1

Cla
LOG-La
Tl-La
T45-La
FLa-4mM
AB-1mM

correlation between AT
and performance.

Running speed (%max)

15000m 10.000m 20.000m  42.195m
kmohrd kohd knvhl kmohd

Lactate (mM)

0.921%*
0.868+**
0.933+*
0.937+*
0.948+*
0.935+*

VO, mikg-bmin-1

La
Tl-La
T45-La
FLa-4mM
AB-1mM

0.718** . 0.687** ! POOR 125
0.655** ! 0.661** k . :ﬁ?ﬁ; o
0.834** ) 0.829%+*

0.811%* . 0.814%+*
0.855** . 0.834%+*
0.812++* Y 0.797+*

Lactate (mM)

%VO2 max

Cla
LOG-La
Tl-La
T45-La
FLa-4mM
AB-1mM

% SPEED max

-0.319 . g Oxygen consumption (mlvkg" ‘min”)
-0.214
-0.312
0.176
0.139
-0.031

-0.172

Lactate (mM)

80

Running speed (%omax)

18/11/2015
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AT - UNITS RUNNING  ENDURANCE* CORRELATION
ECONOMY (r)

Tokmakidis et al., 1998 15.00 km
SPEED kmh-1 YES 0.95
VO, ml>kg'1>min‘1 YES 0.86
% VO2 max \[e} ? 0.35
% SPEED max NO 7 7 0.14

Weltman et al., 1987 3.20 km
SPEED kmehl 0.88
VO, mbkg bmin-1 0.79

Kumagai et al., 1982 16.09 km
VO, mbkg bmin-1 0.83
% VO2 max ? 0.11

Rotstein et al., 1986 1.20 km

SPEED kmvh-1 0.74
% V05 max : 0.14

When AT was normalized for maximal speed or VO,,. values, the net results
were not well correlated with performance. For this reason, the correlation
between AT and performance is mostly reported in absolute speed or VO, units.

The absolute AT is a sub-maximal value
that includes the value of VO,

Thus ...

the absolute AT is not independent
of VO,
as it has been considered

19
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La curve shifts to the right with training

Lactate (mM)

35 45 55

Oxygen consumption (ml~kg'1'min'l)

The rightward displacement of the La curve that occurs with training is partly
due to the increase of the maximal speed or VO,,,., values. Most of the time,
when there is an increase in VO,,,.,, there is also an increase in AT.

References Training period Training effects (% differences)
Absolute AT units  Relative AT units VOsmax
“Sadyetal. (1980)  8weeks . . ~ 265
2538
Raedy & Quinney (1982) | I 36.7
Gibbons et al. (1983) 8 weeks . ] 14.8
Caldwell & Rauhala (1983) 3 months ! : 124

Davis et al. (1979)

20
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The identification of a unique threshold (AT point)
on the blood lactate concentration curve

There is no unique AT point on the La curve

Any point can be well correlated with performance

The unit effect and the anaerobic threshold

The relative importance of the threshold

as compared to VO,,,,, might not be as critical

when the AT point is expressed as %VO,, ..

21
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Lactate turnover in exercise:
consequences and practical implications

* The properties of the lactate curve should not
be overlooked

* The blood lactate response to exercise is a
useful tool for exercise prescription

Thus, it is important to understand the physiological
consequences of a chosen lactate level rather than to concentrate
on an ‘AT’ for exercise prescription

(Messonnier LA et al. 3 Appl Physiol 114: 1593-1602, 2013)

A B

l]; Untrained subject Tramed subject a

= s o
24 .0 @

[lactate]|, (mmol1-)

—

120 140 16 180 200 210 230 250 270 200 310

Power output (W) Power output (W)

Fig. 1. Typical blood lactale evolution curves obtained in untrained (A4) and
trained (8) subjects during the lactate threshold (LT) determination test.
Deviation from the dashed line is indicative of the acceleration in blood lactate
accumulation (i.e., the LT). Of note. the dashed line should not be considered
as demonstrating a linear relationship between blood lactate concentrations and

power output.
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(J Appl Physiol 114: 1593-1602, 2013)
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Lactate kinetics in trained and untrained

:.; o - (Messonnier LA et al. J Appl Physiol 114: 1593-1602, 2013)
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(Messonnier LA et al. 3 Appl Physiol 114: 1593-1602, 2013)

) 0o UT-LT
:(— Fl\-‘!lll.ereﬂal. z:mfm ® T-1T
Gempman et al | A T-LTF10%
#* MacRae et al. 1992 & 1T -LE10%+LC

Lactate R, (mgkg ' min)

40 60 8
VO, (Lmin'l) VO, (%)

Fig. 5. Lactate R, as a function of absolute (V02) (A) and relative (to VOamax)
(B) metabolic rates elicited at rest and exercise in the present and previous
studies involving subjects with different physical fitness status. V0.« values
(means = SE) of UT and T subjects are 3.7 = 0.1 and 5.0 + 0.3 liter/min,
respectively.

(Messonnier LA et al. 3 Appl Physiol 114: 1593-1602, 2013)

X Millr etal 202 (V0.= 4.1 lmir') -
% + Bergmanetal 199 (VO,..= 1.5 lmin') ‘3 2t N
* MacRacetal 1992 (Voo = 2.6 lmin') T=LT10%
120 A B 120

100 * 100
20 ’/.—" “.I ”’_r‘/ II.“. )

@ 5 F 60

Lactate MCR (mlkg" min-")

o Y
kY 40
20
0 T T T t t 0
0 1 2 3 4 20 40 6l 80
\_,0! (lmin™) \"r()zmm (%)

Fig. 8. Lactale metabolic clearance rate (MCR) as a function of absolute (V02) (4)
and relative (10 VOzpax) (B) metabolic rates elicited at rest and exercise in the
present and previous studies involving subjects with different physical filness
status. See Fig. 2 for an explanation of symbols. VOz2max values (means = SE) for
UT and 1" subjects are 3.7 + 0.1 and 5.0 = 0.3 Vmin, raspectively.

18/11/2015

24



18/11/2015

Son LC L

2 Jen:mm = ]

Protein content
(Arbirary Units)

B Myni D
ANamm Cur LG L
2 YD —
-
£
£
ED
g
B
&
g8
&g
1]
Cor Lc L
C myogenin
Lo L
A e L =

Protein contant
(Arbitrary Units)

Lactate-Caffeine Supplement

Increases Muscle Mass
(Oishi Y et al. J Appl Physiol 118: 742-749, 2015)

Effect of lactate or lactate-caffeine on satellite cell
activity in C2C12 muscle cells.

Protein expression of paired box protein (Pax7; A),
myogenic differentiation factor (MyoD; B), and
myogenin (C) is shown with representative
immunoblots. C2C12 cells were incubated with media
containing 10 mM sodium lactate 5 mM caffeine (LC)
or 10 mM sodium lactate (L) for 6 h.

L increased myogenin expression compared with Cont.
LC significantly increased Pax7, MyoD, and myogenin

expression compared with Con, and increased MyoD
expression compared with L. *P <0.05, **P <0.01 vs. Cont.
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IF NOT NOW...
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