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THE PROBLEM

o

1.1 .~ INTRODUCTION

o
.

It has been‘long recogriized that.work intensities-well

below those that elicit makimal oxygeﬁ tonsumoticn (mVOZ)

are assoclated w1th elevated lactate leVels 1n'the DlODd

The lactate appearance 1s thought to be due to the-anset of
: L _ ) o

hypoxia in muscle fibers and its associatec ahaerobiq”metab—"

olism {Rkarlsson, 1971) ahdfcr oﬁefproduétion' of pyruvatéi

o—

(Kohagashi and Neely, 1975). The concept ..of "dnaerobic’

threshold" (AT) has become important as many attémpts have

been made to associate it'with_lactate appearahce in blood. ..

in endurance athlétes. _ Over the"past deCadé much atte?tion
has been Gevoted to 1dentlty1ng a valld and measurable indi-
cator of thls anaerobic threshold p01nt

Several anaerobic thresholds'havé‘beén proposed te :as-

+

sociate blcocod lactate changes andtimﬁortant-physiblogical

events. Lactate threshold (LT) has -been defined 1aS the

workload prior to the workload associated with an increase .

in lactate during an exercise of atepwise, progressively-inh

-

creasing w%rkload (Ivy et al. 1980). The appearance ofr

lactate in the blood has been associated w1th several ventl—“J

-

I



latOry‘chanoes (Wassermann et al. 1973) which others have
'=_called the ventllatlon*threshold The ventllatory threshold
"hf(VT) is often deflned as the 1ncrease ‘in ratlo of " mlnute

‘ ‘ventllatlon (VE) and oxygen consumptlon (VOZ) wlthout a cor-

' respondlng 1ncrease 1n tne ratlo of mlnute vent11atlon and

-the explred volume of COZ (VCOZ)

It ie,.howeter ‘ well vecogn;Zed hat athletes are able
‘3jto nalntaln.worhloade at 51gn1F1cantly higher blood 1actate
leevels than those workloads assoc1ated with lactate or ven-
"tllatory thresholds-fop;per;ods exceeding-45 minutes (Kin-
.oermann‘et al. -'1970) Coetgil ano'associatea (1971c) found
that well tralned ‘men. could run 10 mlles on the tleadm;ll
and:mazntaln laoeates‘above‘z mM/l. Untrained individuals
. wWere abie'to maintain'tactate ievels above 4 mM/1l for 1 hour
“and over 2'mM/ihfof'2 houts (Feul et‘al. 1974). E1a"a*ed
';lactates durlng 6O mlnute duta lonc have also been found in
'fac 1x4t1es requlrlng dlffe*ent amounts of muscle mas Sev-
‘enty w1nutes of rOLlel skllnq, where both arms and legs are
‘used, ellc1ted steady state lactate levels of 5 6 mM/ L (hln-
"dermann, Slmon and Reul 1978) A study uolng a. re%atlvely
7ﬁsmall muscle mass durlng one legged exerc1se also found lac-
tate levels above 4 mM/l for periods up to 70 minutes (PEI-

 now and Saltln 1971),

‘ Mofe-reoently, therefore a dxfferent approch has been

Tytaken in whlch the threshold has been deflned as that malnr

.

i
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tained workload which, if exceeded, ‘woyld elicit‘én??yéf in-

creasing blood lactate level and an associated early cessa-

" . .
tion of exercise (Kindermann, SiMOn and Keul, 19?8). Ac-

ceording to the.literature an arbitrary 4mM/l lacbate con-

centragion in an 1ncremental work test is, in common usage és
an indicator of this threshold and hasrbeenitermed 'onset of
blood lactate accumulation” (OBLA) (Karlsson and Jacobs
1982}._ Another invasive method of méasuring’this tHreshbld
is based on_the first significant decrease in pH and naméd

"*hreshold of metabolic decompensated ac1d051s (TMDA) " (Re-

1nhard Mullei and Schmulling,‘1979).

These incremental tests, however, <vary in their abili-

Ly to predict the maximumlworkload and lactzte stress one
i

.can sustain for one hour. Most recently,‘therefore a gener-

al diffusicn-elimination model derived from blood lactate
-} .
kinetics during exercise and <*he post exercise period has

been developed (Stegmann, Kindermann and Schnabel, 1981).
From this model, the maximum workldaa and maximum steady
state- lactate level that can be sustaihedifor 1 hour is said

to be more successfully deterhinaﬁle\

- v

Rngerobic threshold® has been: noted as a significant

-

factor in explaining variance in-'lang distance performadce

- ‘ @ .
(Komi et al., 1981; Lafontaine, Londeree and Spath, 1981;

$jodin-and Jacobs, 1981). The time-course of wvariation ih

muscle enayme'adaptations and mvVQ2 changes‘due_to.traininq

v

.
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and detréining can be independent of each other (Houston et
al., .197é; Orlander et ai.,’1980; Spynarnova et al., 1980).
ofFPercent improyement during submaximal training is expected-
to be.higher for mitochondrial enzyme activ;ty than fer defﬁ
(Gollnick and Saltin, 1982). Such greater changes in mito-
chondrial enzyme actiyity than.in_mVOZ an be associated
WitnAgreater.imnrovement in absolute AT (1/ninj as well as
relative AT (% mV02), than in mVO2 itself (Ready and Ouln-
" ney, 1982; Davis et elh, 1979) . Some of the lnc;eases iny
mitochondrial enzymes that accompany submeximai exercise
training.can be explained-by'a fine tuning of the metabolic
pathways and these changes are better reflected by lmproved,
steady state endurance than by increased mvVo2 (Go1ln1ck and
Saltin, 1982). The AT is able to distinquish;between differ-
ent ¢groups of athletes who have the same‘mVO2'(Withers et
‘el., 1881y, Trained cyclists had'a higher AT onle bicycle
ergometer than die .trained distance runners,- even' though N
their bicycle mVOE'srwere\the same. Conversely, the tralneé B
runners nad:a higner AT:running on-e treadmilI tnan their
_cy;llng counterparts desplte the fact that their treadmill
ﬁvoz s- were similar. In conc1u510n ; AT appeazs to correlate

better to ‘endurance performance than does mvV02 (Kumagi et

alh, 1982).

_”These'facts suggest that the anaerobic threshold param-
eter is at least as. 1mportant as myoz2 1n endurance performr

ance.':As mvo2- and AT can be dlfferentlated '1t aleo.sug-
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dests that tﬂey require 'different'jtralning stressors to

elicit change.

1.2 RATIONALE

Only recentl} hae.ywork Eegun;*to relate Vanaerobic
thresholds from incremenﬁal wofk tests to maximum soeady
:lactate levels' Tnere ayoee*s to be a LlanS*ene lncrease in
blood lactale in the first leo minutes of ekevc1se‘e ‘en at
low power outputs (Jor:z eldt Juhlln Dannefeldt and Karlsson,
1978) Exerc1se of 30 mlnutes duratﬁon at- dn 1otene1ty of
LT resulted in a steady decrease of lactate to feeting lev-
:_elS'.after .an: 'initial increase at the cnset of 'exerciee
(Davis and ogss _1é81). .The ability to work for 50 minutes
at a worlload assoc;ated with OBLA varied gu eatly with the
individual (Stegmann'and Kindermann, 1982). The arbitraryr
eetting of 4 mM/l as a threshold aﬁpears not to take,info
accoont'individual lac ate Kkinetlcs which inveolve =+ ing
(Stegmenn, Kiodermahn And Schnabel, 18981), age (Tuankoff and
JNoffié,il979), individual muscle/lactate gradients (Tesch,

Daniels and Sharp, 1982) énd_volume of muscle (Kindermann,

- Simon and Keul, 1978).

)

The' individual anaeroblc threshold (IAT) was designed
to .reflect these 1nd1v1dual dlfferences (Stegmann, Kinder-
~mann and Schnabel, 1981). - A comparison of workloads at OBLA

-end‘IAT‘indicated that IAT Wwas the superior prediotof of the
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highest constant workload that can be sustalned for 50 min-

utes "along with elevated lactate levels (Stegmann and Kin-
& . . : ’

dermann, 1€82).

If it can be shdwn that IAT is a reliable and Qalidu
hethod in pfedicting the wor}load required tO'elic1t the
maximum steady concentration of lactate, IAT could be a uee-;
,fgl‘tool in designing,trainingip:onrams and nnnitbfing ath-e

'letic performances. The IAT_determined workload would also

be useful in experiments involving hormonal, dieta:yfand re-

spiratoryheffects on high intensity steady state wovk.

) )

[
-

1.3 STATEMENT OF THE PROBLEM:

The aim of this study was to analyse the reliability of

the IAT protécol and determine its yalidity in steady state

exercise. This study'had three primary objectives:
1. To determine-thé eteut‘reliability:of'lAT expresced,
variously, as: oxygen consumption (l/min and ml- kg/ " " "

miny, lactate concentration ‘heart rate and percent-
age of mVQE.‘

2. To cempare_ the IAT' retest reliability to ‘other

thresholds and mVO2 in the same test (intra-investi--

.

gatorj and w1th thOSE» publlsh?ﬂ ‘in  the literature

(inter 1nvestigator)

o

'3... To determine the validity of IAT 'in predicting maxi-

t ¥’

mal steady state workloads by measurlng lactate con-_

'



‘centration, oxygen consumption.and hearf rate‘during
50 minutes of treadmill ski walking at IAT.

‘1.4 EXPERIMENTAL HYPOTHESIS

It was eypectedzuhat the IAT test-xetest rellablllty
:would not differ 51gn1r1cantly from those reported for other
AT tests. Sgcondly,-;t'was hypotne51zed that subjecxs‘woﬁld'
beé. able to maintain work at‘their IAdeetérminea iﬁtensity
for the entiré duration of the 50 minute test; tlrat the lac-
tate levels would be significantly elevatéd thrOughbut'thea
test; and that the blood ieyéls would not show a,significaﬁt
- increase ér decrease‘after the-iniriél increasg atAthe‘onset

*

of exercise.,

1.5 LIMITATIONS AND DELIMITATIONS

Due to the nature and ‘size of the group of subjects,
conclusions - can .only be drawn to a group- of similarly
trained athletes of . the ‘'same’ age during similar treadmill

exercise.,

Glycoéeﬁ stores and diétary pattern were not measured
during the testing period; The sﬁbjectsﬁdid, ho#ever . have,
\verbql.and written 1nstructlons .to malntaln normal eating
habité refraln from strenous exercise prior to testlng and
refraln from food and caffelne contalnlng substances for

hours prior to testlng



1.6  ABBREVIATIONS =
AT  Anaerpbic threshold

.

ATPase -Adenosine triphosphatase

CAMP B'Sf-tyclic adenosihé mdnbphbsphate
CoA _ cgeﬁ;yme A |
. CoASH  coenzyme A—SH T g '., S )
-. CS :itraté'synthase

".Cyt-ox cytochrome oxidase ' -

FFA. free fatty‘aciﬁs :

FOC“ ;fast oxidati?¢ q1ch1ytic7. : T : .

ET ..lfast' twitch - ’

rG - 'fast.glycolytic

G-6-P glucosé-6jbhospﬁat¢ .

GPDH "glycerol phosphate dehydrodenase"

HA@H". j-hydrokyacyl—CqA dghydroéehésg‘rl

E-LDH A.lacﬁaﬁe déhydrégenase with H supunifé.
\GA? lndividﬁal énaerobic ;hfeshold ’

LDH  lactate dghydrogenaSé‘ "

LT -;:léctatélthfeshold;u |

LT2 - lactaFe turnpoint . .

M-LDﬁ .lacﬁate déh?dfégenase‘with M subuﬁits

ﬁAKEX laétafe_concéptrétion;at the immediéfe‘énd-bf'exerc;ée
 mVOé -maximai oxygeﬁ c6hsump;ioﬁ |
OBlA onset of blood la;tate accumuiaﬁron

PAS - Periodic Acid-Schiff |

PEP ‘phqsphéfenol—pyruvéte.

-PEAKLAC peak lactate concentration poét intréMental work

-8 -



PFK. phosphofructokiﬁase e

Pi ino;ganie phcephete
Pk : —iod K, where K = aeid constant
R :f ﬁentilatory gas-e#ehaege ratio .
RCT ﬁ'respiratory cohpensetion :h;eshold
.SDH .Sucqinaﬁe'dehydrogehase- -
sT - siowltwitcﬁ. a
SO - slow oxi@ative ‘
TSL -  threshold by slope method
TMDA threshold of metabolic decompeﬁsated acidosis
‘vcoz ‘minutevolume of expi;ed‘carbon dioxide
. VE minute ventiiation | ee-a .
voz mihﬁfe oxfgeﬁ eensumption
T eﬁentiiafion threshold
R
1.7 DEFINITIONS S ' L
o Thefef.is.;é} r“eét';d;éil ofe'Qa;iebﬁllfy;“in aeee obic

.thresnold termlnoloqy which has caused a great deal of con-
'-:tr versy and eonfgelon (McLellan and Skinner, 1979). To
“elmplify the,terminology, all thresholds that have been de-
-termlned in 51m11ar fashlon have been grouped together and
have been glven a 51ngle name. quther dlscu551on and com-

parlson of anaerobic thresholds occurs in Chapter 2.4.

.

AT = 'Anaefobic Th:eéheld:-generic term for all
Vsubmahlmal 1nten51t1es derlved from a,

'stepw1se 1ncremental work test using a



or

LT

TMDA

TSL - =

vehtilaﬁpry or blood lacfaterchanéé as ‘an

P

indicator of the thresholid. - IR

:Lactaﬁe-ThreshoId: the work rate or‘VOZ‘at

which lactate is first found elévétéd in the

‘bloed during a stepwise incremental test. .

.Arbitrary lactate values 0f 2.0 and 2.2 mM, 1

-

have beern used occasionally.

'Lactaté'Turnpoiht;'the-work,rate or V02 at

“~which there is a systematic increase in lactate

‘during a stepwise, 'incremental work test and

where, at the onset of the test, lactate levels

are elevated due to.a prior maximal exercise.

Onset of"Bi&6d Lactate. Accumulation: the ‘work

rate or Voz equal:to-4 mi,” 1 detefm;ned dur:ng

.a stepwise incremental work test. (4.4 mM/l has

-also been ‘used).

Threshold of Metabolic Deéqmpensated Acidosis:

the work rate or VO2 at which there is a.

significant drop.in pH.during a stepwise

-

‘incremental work fest. - e

Threshold by Slope Method: The first work rate

V02 at which there is. a 1 mmole/l increase of -

lactate in 3 minutés.



jAan= Indlvidual Anaeroblc Threshold the work raté
| or V0OZzZ- at'whlch the max1mal rate of lactate
ellminatlon from blood is in- equllzbrlum with
the r%te of diffusion into the blood determined
during_a.stéﬁwise incremental work test. For

derivation of. IAT, see Appendix A. -

S VT = VéﬁéilatoryThresho;d: the work rate or V02
at wﬁich there is 'a non-linear increase in
‘ventilation compared to the increase in V02 — -
5etermined during a stepwise in;reﬁéntal.woﬁk"

test.

.RCT§“= ‘Resmlratory Compensatlon Threshold the work
'rate'o* VOZ at whlch VE 1ncreases dlsprcuor- ’
~tionately to VCOZ'during a stepwise, incre-

mental work.test,

o~

A cléfification'of LDH and”LDH isozyme activitieé is~

required.’ As M- LDH has. no preference for ‘the dlrectlon off

catalyéis (McGllvery, 1979), LDH~ total act1v1ty can be de-

finéd by methodg\of Tesch, $jodin and Karlsson (1978A). To-

tal LDH activity is defined -as the LDE activity measured in-

the fdrward.reaétion (pyruvate to lactate). The relative

contribution of M-LDH is determined by gel separation of

isozymes and'densiometfic scanning technigques. The~activity
of H-LDH is then calculated (%H-LDH x LDH-total).

- 11 -



REVIEW OF LITERATURE :

The rate of diffusion and elimination of. lactate in
‘blood is . the basis for determining individual. anaerobic

"threshold. An understanding of -lactate kinetics in.blood
'during incremental or steady state work requires a review of -

lactate metabolism and its regulation as well as_its in-

terrelationships with the body's_fesponsg.to incrémental and

steady state work.

-_This review will be divided into 5 .main sections:

515 lactéte_metabqlisﬁ"

2) lactic acid. buffering and'acidfbas;fbaléncé_'
3) factors affecting plaémé'iactate _ o |
4) anaefogic threshold"

5) metabolic response to anaerobic threshold-work.

2.1 LACTATE METABOLISM

Lactate is one of the possible byproducts of a partial

breakdown of carbohydratesﬂ' Lactate can be produced direct-
5 . . . ' . v, -
ly -from” either the,gLUbose supplied to the muscle from th
fblobd‘br the glycolsyl uhits from muscle'glycogén. Lactate

_iféelf is the ‘result of the .reduction bf pyruvate pfoddced¢

-t

Vs .- - . | o iZ _ : . | - _‘_‘ o \



-_v1a the Embden Meyerhoff pathway (glycolyszs) Glycolysis,
fwlth the absence of oxygen ~can produce all the ATP'and re-;
duc1ng equlvalents requlreo to keep the pathway functlonlng

" These serles of reactions occur in the cytosol ~

There are 3 phys;ologlcally 1rrever51ble reactlons dur--'
ulng glycoLy51s in muscle and they olay an 1moortant role in

tne regulatlon_of glycoly51s,(see-51g.1).

HexoklnaSe is a regulatory enzyme -hat phosphorylatea
glucose w1th the use of one ﬁTP and "locks the glucose mol-
'ecule 1n51de the-cell Hexoklnase is regqlated prlmarﬂly by,'

1ts own end- product G-6-F.

Phosphofructokinase . (PEK) .f onosphorylates : S Iruce
tose 6 phosphate to yleld fructose 1 6~ dthOSphate IAT? iéf
agaln requzred whlch brlngs the total to 2° PTP r'equir.edrin‘

- the, reducrlon of qlucose to. 2 pyruvate or'2 lactate. PFK is

‘.

con51dered to be the rate contrrlll.g enzyme ‘in glycolysl

.lts act1v1ty 1s anhlblted by hlgh concentratlons of ATP -
ldlty, c1trate and long chaln fatty ac1ds and actlvated by

the presence of AMP or ADP

The pyruvate klnase reactlon is a glycolytlc regulatory .

d—

'Lreactlon that produces energy in the form of ATP (2 ATP for L

every mole of glucose) Thls exogenlc reactlon converts PEP.
- /‘—/ .

and ADP to pyruvate and ATP. ThlS enzyme-ls inhibited by‘

‘AMP, ATP, citrate .and alanine and"is‘ actib@ted_.by fruc-

i‘tose-1,6~diphosphate and PEP.

DR C - 13-



At ShisApoint in élycolysish:the”pathwafa”of;elaceee.
degradation may,ﬁivergeff-Pyruvate may cross “the mltochon—
drial membrane and be converted to- acetyl -CoA- by a multl -en-
:zyme complex asscrlated w1th 'tﬁe_-mltochondrlal membrane-::
known as pyruvic"OVidodeca*boxylase _ Pyguwate' dehwdzoge—
nase, part of the pyruv1c oxldodecarboxylase 1s a T‘equla._a-'
ry enzyme "This dehydrogenase ha= an active deDnOSDbOIJ ted
astate and 1nact1ve Dhosohorylated state. The Dyruxate ‘deh-
ydrogenase.phosmhatase whlch actlvates the en°yme is ctlmu—
.lated by ca;c1pm~released by muscle durlng contractlon,';

. L)
*

" The . Dyruvate dehydrogenase klnase iz stlmulated by ace-
tylfCoA, NADHZ ATP (v1a eycllc FMP) and 1nh1b1ted by CoASH,
.. NAD and ‘ADP: 3The ox*dation of Latt, aeid; a?so occurs in

tne mltocnondxla ‘and produces FADHZ, N DHZ and acetyl CoA

rT‘he second *oqte oF Dy*uuate metabo1ism occurs back 1n
the cytoplasm and _:esults in the ;procucelon-'of lactate
Lactate dehydroqenase has five 1sozyﬁes each.conelutlng of 4.
subunits. Each subunlt can be of 2. ypes: M and B, The-ﬁ
_aubunltl is ifound in. tissues of high oxidative. capacity

P

‘ (heart,and sloQ twitch (ST) skeletal fibers) and favoure?&héig
exidation_qf lactate to pyruvate. The M subunit (found/fa~ :
fastftwitch (ET)jfibers) Has no particular prefereace in the
'dlrectlon of cataly51s but is associated with the reductlon:

of pyruvate te lactate due to the normal flux of reactants

in FT flbers (McGllvery, '1979). - ’ -
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Lactate productionis the sole source of ox1datlon of
NADHZ durlng anaeroblc.condlhlons thus allowzng g‘ycoly51s
‘to contlnue'. It had been assumed that the productlon of
  lacuate occurred only in the absence of . oxygen at thé cellu—

flar level (ha*lsson ;10 71y, There.ls-nou e"ldence however
lfthat the cytosollc NADHZ’NAD *atlo can’ remaln hlgh even when’
'oxygen squly 1é adecuatg (prayashi_and Neely, 12759, Tﬁe
'3*ate of mlgochondrlal reﬁovalfoﬁ,cy;déoii;rN&DHé does not
Vpécessarlly otcur.;ﬁ;a;i:llrglafibnéhgp.to glycoiytiﬁ pro-

. S
ﬂlducthn.

‘Thé'remb§al_df cytoéolic'NADH can occur in 3 ways (Fig

2. Glycerol Phqsphéte Shuttle.

3. 'Iﬂala'té_.’kspa;-taj:e"S'huttl‘e o

The - glyc&rbl ‘phosphazte éhuttle ig considered tc be of
minorflmportance inlthe hgqrt,but is;mcre:ﬁﬁportant'in F?
fibéfs;"Theft;angfereﬁéé of NADHZ equivalents'intO'the mi-"
tochondtigrusihg‘this shuttle wiil result in the proauction
of 2 ATP asf the 'electfons ‘are' trénsferred to FAD. This

shuutle is powared by the concentration gradlents of G- 3 P

1nto the mltochondrla and DHRP out of the mltochOndgla.

.The.malate-a;partate shuttle 1is the‘pfedominant methed -
of transporting electrons into mitochondria in ST fibers and

.the cardiac muscle . . This. shuttle reqhirés enerqgy which is
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;produced"by moving hegative_charges out- of the mitochondria

- 1in the'form of a@ihoracias (MCGilvery,wl979). In the mito?

)

chondria, the electrons are translerred back to NAD and thus

produce 3 ATP in the electxon transfer chain.

Researchers have commented that conteptually; it 1is.

foficult to 'explalin lactate production in:sub-maximal work

" when there are large reserves in cardiac outout; muscle

bloed flqw, caplllary dllatatlon and arterial Jenous 02 dif-

'1ferehce (Brooks; 1285; Astrand 1984) _There is now growing

e?perlmental evldence to suggest that the classic argument’

of lactate proauctlon only occurlng durlng oxygen 1insuffi-

_c*ency durlng exerCLSe is 1ndeed-a mlsconceptlon. Pirnay

(et al[ S 1972) _ound 51gr1 lCan cryéeh ccncertratlons'rn

the deeu femoral vein durlng SOxémVO2 and maximum 1eg exer-

Cise du 1ng treadmlll and blcycle ergometer work A flu010-

metlc udy of mi tocnondrlal NaDH7/NnD ratio with dog mucc‘e
in. sztu 1nchatea 1“hat the low mltochondrlal O° tereioa that_'

-

15 tnought to be c11t1cal {Chance and Qulbtor‘f 1278y, was

‘not achleved 1n' maxlmal exerczse (JODC1S and Stainsby}
1968) Cohnett (et al 19843 fouud that lactate ‘production
. was llnearly related to the stlmulatlon rate at oteady state

Codn dog grac1lls muscle. Only when bleood flow was restrlcted

dropping. POZ to zero TORR in several loci 1n the muscle waa

. the lactate increase. greater than ‘the concentratlon predlct—

ed from the llnear relatlonshlp w1th the stlmulatlon rate.

The 'nvestlgators concluded that lactate productlon does not .



result from a -simple 02 tension . llmlt The exac;.;ause-of

'.ralslng the NPDH2/NAD ratio in cytosol and thé concurrent ..

1nab111ty to reduce the ratio via the mitochqndria whén suf--

ficient dxyqen-;ppears_tb be present, is unknown.

T

Once lactate— is produced_‘it' may diffuse through the“

celi‘mémbrane and‘eifhef bé: 1/ takep‘up-by mps¢le tissue

:tﬁat'has‘high H LDH actlulty, where it wquld be converted

'”back to pyruvate and oxldlved 2/ conuerted to glucose V1a-

Lhe Corl cycle in the llver and kidneys, or 3/ ;onverted to
amlng -aylds and hreb s cycle 1ntermediates (Gaesser and

Brooks, 1984).

* The ﬁajor carbohydrate source, glycogen, is. within the

muscle itself. Glycogenolysis - is :egulated by phdsphorylase
activity, which in. turn.is regulated by a series of regulat-
ed reaétions, each one haviﬁg a magnifying eéfpct on the
next sEep. fhe fiirst step is the'aétivation of adenyl cvc-
‘ ) /
laséjpredupinq cAMP from ATP. This results in the activa-
tion of a protein kinase which in turn activétes phﬁsphorﬁr

lase b -kinase by removal of an inhibiting polypeptide ingghe

kinése (McGilvery,1979). The kinase acts on the glycegen

phosphorylase. Glycogen phosphorylase can be active in two

© forms. The 1nterconver51on of the two forms 1s regulated at

'the hormonal level via CAMP and at the contractile level

“'thxough the.relegse_of calcium ions (Chasioti;,1983). The

'unphospﬁorylated form'cén be active in‘fhe‘pregénce of AMP.

4



Howeﬁef the chosbﬁerylase‘activityﬂcaﬁ Be'greatiy ﬁagnitled
by.ets ohosphorylatlon.W1th the actlve hlnase andfor in the
presence of calcium’ions. in short term 1ntense dynamlc ex-
ercise'(30 eec at mVOZ){ the effect on. phospno*y ase is me-
_diated by calcium _ipns;lwith‘ little contri butlon from the
sympathet@c’system'(Chasictis,1983). when.dynamic exercise
'is'coqtinced Te ex hau:tlon} ‘the roTe of CnNP 1=_impcrtant'in‘:

deiaying che decllne of chospnorylase actlv ty ihe pres-

ence of calcium 1ncreases the.afflq;tz_of the.kinase fer the
phosphorylase and is released from the sarcoplasmic’ reticu- -
lum - during 'muscular contractlonr (Golln ck and Herman-

‘sen,19731. Cha51ot15 (1083) suggests that pnosoborylase agt-

[P

tivity is =~ very clcsely.' requlatéﬁ ' by.: the ‘substrate

. concentration of 110rgan1c pho pnate ’ "
The pathways of :lactate metabolism have .been reviewed
in context of regulatory enzymes. Insufficient cxygen sup-
ply has been the tlassical .explanation for lactate produc-

tion during.exércise. Howewver, this relaticnship is being

contested by more recent investigations. The overproduction
of pyruvate, compared to its bxidation is a Pey factor in’
lactate production. A 'definitive. eADlanatlon for. the . in-

crease in the ratio of.pyruvéte production/pyruvateloxida-

tion remains to be seen... Lactate can be oxidized 1in the
liver,'kidney and in muscle tissue'that has hlgh H-LDH ac-
!

t1v1ty Lactate may also be converted back to glucose in the

liver and kidneys. The 'role of hormones“ catecholamineé,



-

" and substrate supply will be-discussed,in detail in a . later

. section.

2.2 LACTIC ACID BUFFERING AND ACID-BASE BALANCE k

The exact cause of muscle fatlgue is unPnown, but the
bulldup of lactate Wlthln the muscle cell can’ lead to seve:-:
.‘al metabollc disturbances. Lactate has a high disassocation"
;constant and is found in,Ehe disassociated state pnder the
physélogicél conditions of the body.:A Drécipitoﬁs incféése
in hydrogen ion concentration duq\to disassociated lactate

% .
can affect rates of enzymatlc reactﬁons the conformation.oef
protelns ion exchange across membganes and, in the muscle
éell,' the myosin;aétin interactloﬁ during co:tract&on;

(Gollnick and Hermansen, 1973).

Intracellular hvdrogen lon buf fe*lng occurs with sever-
al buffers, the 3 major ones being proteins, bicarbonate and
HPO4 (Sahlin,1978). Bicarbonate is also the-méjor buffering

system for E+ and CO2 in the bléod.

Carbon dioxide is produced in the Kreb's cycle as well
as from CO2 stores during the buffering of. lactate (see Fig

3.

CO2 formed in muscle cells is dissolved and diffuses

into' the blood. O0f the CO02 in the blood, 8% remains physi-

chllyldissolved énd.the remaining 92% enters the erythro- -



Tissues " Blood

[

ungs

02 wagm 02 ——— >

metabolic
patways

=8 ACtiC ———pe lactic acid
acid ) = NaHCO3
- ) Lo : . -

‘Na—Lactate + _ . .
H2C + CO2 ——=—=(C02 (excess)

— (02— CO2 -02
wasserman and Mcilroy, 1964
- Figure 3: Production of Metabolic CO2.




eytes, Of the latter 67“ is buffered by the blcarbonate-
carbonlc ac1d buffetlng sgstem and 25/ reacts directby with’
]

hemoglobln fo*mlng carbam*nohemoglobln (Vander,_Sherman and

-Luc1ano, ‘9;5) (see rlg 4).

w;th’n the erythrocyte and 'in the presence of carbonic

anhydrase carbon;c acild and bicarbonate ‘are formed.

- Coz2 + pOOr--if;---»Hzc03< -------- “H+ + HCO3
carbonlc

'aﬁhydféSe

The bicarbonate fdrﬁed'is'highly eQinle end is dis-
'solved‘ih thé'plaéﬁé: ﬁThe-H4 ioﬁs are_pieked up by tﬁe re;
duced hemogLObin..iﬁs the H+ ang HCO3-late_revaed,ganq éO?
;s7beinq produeed'at tﬂe.:eilulaz 1e”el the series of reac-
. ~tions s @rlven_td.the right. fhis.proce5571;ureversed_et
the lungs. The hemoglopin beeomee oxidized,Janﬁ:ee oxyﬁemo~'
qiebiﬁ 1s é streﬁger acid then reduced heﬁogiobin; it_gives
up 1&5 H+ ions.‘ As the H-+ 1ons are being releaved‘ and_CQZ_
1s being ellmlnated in the lungs, the_reaet;eﬁ is now be;ng
 dr1ven to the left. The erythrocyteé sucP up.‘the'bicetbe—ﬁ

hate in the ‘plasma- and convezt 1t back to C02 and HZO At

"-'tbeﬂlsame t1me ~ HbCOZ2. glves up its COZ (Astrand and Ro-

dahl,1977).
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_Thoggh ﬁhe bieefgeﬁete—carbbnic acid buffers have a low
' pK, %hey‘are an effective buffer system duelto the almost
limitless supply of carbonic acid from metabolic CO2 ‘produc-
tion. A ggod relatlonshlp between the gradual decrease 1n.
the plasma bicarbonate.concentration and the 1ncreae1nc lac-
tate . concentratlon in blood exists up to an equivalent eon—
centration of 15 mM,/ 1 (Gol n*c? an" Hermansen, 1973). During‘:
this time, alﬁost all cthe lactate is buffered by the bicar-
bonate system. With' lactate eoncentratlons higher than 15
mM/l, other buffer'systemé play an increasing.role. Table 1

illustrates some ¢f the typical lactate concentrations and

PH's associated with exercise.

There 1is no*ev:idence that the buffer capacity of blcod-

increases- with training (Sharp et al.,L1983).

. As eye“c se 1ntensity 1ncreases mdre C02 is produced.

An 1nc1ease in CO02 in wvenous. blood appears tTo have a major

étimulatory effect on receptors' that control the rate ~of
pulmonary ventilation. This stimulatory effect of CO2Z on
the rate of ventilation is the basis of the ventilatory

~
-

method of measuring anaerobic threshold.
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Lactate and H+ Concentrations in Blood and Muscle

{Lactate concehtfatién

.
|
|
|
|
|
i
L
|
|
|
L -
| i
,  Type of . iMuscle i Venous |
| - Activity ¢ (mM/kg weti Blood | o ‘
\ -  muscle)y (mM)’ Lt i '
| ' Lo |- } ; i K
-L_ - ‘ I - JE |
! N E : o
b Y S T T |
[ rest - : 1.5-2.1 . 0.5-1.5 7.0 0 b 7.35 L
- : ' : F ; ‘
| S , C . T o oo
| high work | A 22—24 | -18-21 , 6.6 -;'16.8—7.0"
' intensity ' A o . J v N
| ' ' . :
t : | | ! !
: . . 1 i i
¢ high work | - | L a -
"1 intensity | ; 30~-32 e R '
i dinterwval | v : : P ‘ j

,_/ .
submax
- work -
intensity

2.0-2M0 |
. . , ; ) - |

|

|

|

|

|

| J
| »
|

1

i

I

|

|

l

|

|

1

*Muscle PH from thle Muscle Homogenaté

Adapted from Sahlin,1974; Jacobs and Kaiser,1982;
. McGilvery,1979; Hermansen,1971; "
Essen,b 1978; Xarlsson, 1971.
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2.3 ‘FAC,TOF_z_s'_'A'Frl‘Ec_T'INc PLASMA LACTATE - (fZ: |

The metabolxc parameter upon whach the 1nd1vrdual anae-.
roblc threshold test is based is the-mpvement of lactate

1nto and out of the blood durlng and after.exbrCise" Obv1—,

. ous tOplCS to be discussed in thls sectlon are the control

of effliux of ractate 1nto blood and uptake of 1actat from”'”

blood. These blood.measurements whlcn are only secondary to.

the productlon w*thln the muscle ;w;ll depend on .the fiber

" type,- 1nten51ty of exercise and, intra—: and ext“acellular

sdbstr%%e snpply.. The. drseu551on of Dlasma lactateAw1ll be.
divided rntefﬁisnbaectlcns:- :
| l)efiber tybes' o
é) intensity and-f;ber.recrnitment
j) substrate suppix . |
4) iaetate efflux.from_muscle
—f5)-lactate-eliminathn-r

- 6) summary

2.3.1 Fiber Types

MnSCle'fibers can be divided into groups‘by their con-

'tractlle characterlstlcs and enzymatlc profiles (see Table

2). ‘ One g:oup of flbers has been shown to have faster

twitch éontraction, faster axonal conductlon velocity,

greater sarcoplasmic reticulum, greater neuromuscular.junc—

tion area' and shorter hyperpolarizaton time'than'the other

A



. group of flbers w1th slow contractlon tlmes (Buxke and Edg-
erton 1975) These flbers are- known as fast twitch (FT) fi-
bers. Proteins in the myosin heads differ between‘FT-andVST

fibers (Gergely,1977).

Fiber types ., defined . by their”enzymatiefprofiles, fé-
late to .the ‘fiber's‘ éontractile characteristics: as _ng},,
(Bnrke'an&'ﬁ@éesﬁent1975)"-Based on fiber types deterninedi
lby myesin ATPase activi£' ET flbers are higher in g1ycolytf
1c enzymes but éée lqﬁ%z than ST in Kreb's cycle enzymes-
electron transfer chaln enzymes, caplllary number,_mltochonf
drlsl number and den51ty, and,tniglyceride'stores {Essen et
al. 1975; Petté,is71).
L ‘ , _ o . | -/

Enzfme“activity studies show that the ET fiber nas-a
greater poﬁential no produce lactate. ’'Glycolytic flux has
'ibeen shown'to be approximately 8 times fastefﬁin rabkit FT

compared to ST fibers when the fibers are maximally stimu-

lated (Bucher and Siecg, 1969).

Eased~on histochemical nyosin—ATPase studies with the
muscle'f;bers incubated atidifferent‘prs, ﬁhe FT fibers can
berfdrtnef subdivided intO'two'groups: FOG or type IIA-fi-.“
befs ana EG of type IIB fibers. The FOG flber %»mx}abOllc
, characterlstlcs in humans are 1ntermed1ate between those of:
ET and ST. There 1s,some ev1dence that muscle flbers can be
further dlfferentlated by measurlng several enzyme.act1v1—

tles in 1nd1v1dual flbers . Lowry and co—wo;kers,,(1978)

AT T —



TAELE 2

- Ty

_ _Adapted from Astrand and Rodahl, 1977
e Essen et al.,6 1975
1 , - Pette, 1971

& Metabolic characteristics of ST and FT fibers
b &
; ST FT
[ ‘ . . .

' myosin ATPase activity low high
i glycolytic enzyme activity
: PFK . ‘ low high
; GPDH ‘ . low high
o LDHE (total) low high
i - H-~LDH high low
aerobic_enzyme-activity_
SDH - ' high low
‘S ‘ ‘high low
Cyt-ox high low
glycogen stores L varies wvaries
trigiyceride stores high low
o capillary.déntity ) lhigh low
myogl&b;n concentration . hih low
mitochondrial density high  low

..29 =
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: teased oet 1nd1v1dual febers froﬁ a-muscle.sample ane meas-
) ured 10 dlf;erent:,en;yme_ actlvities_ enﬁ, becauee of the
'llarge variance Deﬁﬁeen;fibefs"-j-;ypes of FT aﬁd:2_types of
l&T-wefe‘identified.l" | | "

jansson (19?5);dif£éfeﬁtieﬁed.tybe IIB_fibers‘into,IIBl
7;éhd ;Ic~fibers_£y pheir,éDH aﬁd ?gK;ectivitieell The eype
'EIIE had‘felatively:higP P?K'ec;‘v*ties and low SDH actis 1F'
ties whereas the type IIC “1Der5 had relatlvely low PFK and'
:hlgh SDH act1v1t1esgi Aserano end Rodahl¢7(l977) used the
t?pe IIC‘nomencla:ure but'defiﬁed‘tHESe fibe:e ee ehose;that
could not be: dlstwngu1shea bet@een type IIA-or IIB.' Thaugh
laxge vaklatlons can exxst in engyme pattelns and fiber ne—
menelature,'fibere:ere elaselcally~d1V1oed inte 2 or 2 fiber
types. - ) | |

Training ‘is knewn_toiincfeEEe'the exidetive'cépaeify of
FT fibefse(sfeen‘e+ éi ’979j.‘bdﬁ t;ele is no evidence that -
‘1ndlcate5 a Fonaer51on of FT To’ ST under normal pbj51040q1-
_cal tralnlng (BaldWIH et al 19“2{,' The pexcentage of ST
fleLS appear to be genetlcally dete;mlned (}om1 and Karls-
'son, 1979) Percent ST dlstrlhutlon i?'almoat iientical in
;monozygous £w1ns{ bnﬁ;pot in.dizngQS’tW1ns,‘whereas_none of
the enzyme eqceivity studies. (CPK,- hexqﬁineee; rmyekinéeé,
M-LDH, H-LDH). showed sig'ni‘ficant va}i’apili.ty lldj.f'fe.lrenc_res‘ be-

'tween monozygous and dlzygous tw1ns It -appears 'that there

is no conversion. of fiber types, ,b@ﬁwthefe is inconclusive



evidence that individual fibers can split into‘tﬁB'(Gonyea,_

Ericson and-Petersqn,l977;Gphyea,1980).

The D;ecent ev1dence 1nd1cates that glvcogem stores are
.roughly the same in the flber Lypes 'but a y}dé-variety:0f
‘glycogen store é;zes ex;sts in- both -fibefs ‘(Essen 'ﬁnd_
.Hagémark, l9f4);- The PAS stain’ used to ;ndlcaue gl ycogen'

stores appears to- be 1p°°r51tlve to blgh glycogen concenuva-

K tlons due to saturatlon and ma/ not be able to 1nd1cate dlf-

L

ferences between'¢1bers.

The fasﬁest glycogen re-synthesis rate.is seen in the

) : : ) . ] R
JFOG  fibers with .ST and ET following in rank order after -3
.. hrs. swimming to.éxhaustion in rats (Terjung,1974). "Glycogen

@-synthesis in the liver and heart is faster than that of

skeletal muscle in rats.

. The-distribution of triglyceride stores differs between
fiber types, the larger stores béing “found ‘in the ‘ST fi-
~bers.. The triglyceride store@ in ST F:Lbers were app*o>1-

_mately 5 tlmes the size of those 1n the FT fibérs in Lithell

-and coworker 5 study (1979) and 2 times the size of stores B

in FT fibers according to Essen (1978)

- The number of capilléries around each'fiber*increasés
':hlth the amount of mltochondrla Wlthln the flber (Ingjer ‘and
Brodal{1978) as well as with the 1ncreaslng 51ze'of flbers

(Sillau and Banchero,l978)y ‘ Slow twitch fibers have - a



‘greater  number = of . capillaries . than “do FT fibers

(Ingjer,1979).

Elevation ih blood lactate of rodents primarily results

~from lactétexoroduction'in_ehe FT flber tyoe (Baldhin‘et
"51.) 19775. oonclu510ns such as thlS 1n man are more dlfF‘—
ncult to make as man sAflber-tyDe dlst “ibution is more ho-.
mogenous than in an1ma1s (Burke and Edgerton 1975). Lactere
'Lhas been found ‘higher in FT fibers than in ST fibers after
;125'maximal contrdctions.tak;hg 30 seconds total (Tesco et
,1978e), but once ac;1v1ty was continved for an addltlon-
al 30 seconds there was no Slgnl 1cant dl‘ference between
fiber types- in their 1actate concentrations :(Tesch éf
el.,1978b). ET%ST iactate ratios of 1:4 end 1.C 5ave been:
reported for short term cycl*ng and downhlll Skllng respec-
tlvely {Tesch,1980). Lactate-accumulatlonAwas found to be
faster in FT fibers when the whole muscle was rich in FT fi-
bers‘but the lactete eccumulation was faster 1n'the_ST when
the whole muscle Wae rich-ih éT fdoers (Tesch and ?arLOf_
son, 1977) Another study had subjects d1v1ded 1nto 2 gloups
by ST dlstrlbutlon (Ball Green and Houston 1983) The‘
high STz,group.(SOrSS%-ST) was compared to a low STA gzoup,,
(35-40%ST) inllactate aocumulat;oo‘durlng 1 legged cycling.
©at 60% MVOZ,' After' 15 hinutee{ ;ectate.wés-higherlid:the-
low ST group in both fiber.types thah in the high-ST‘group,‘
but neither group had 1nterf1ber differences wlthln 1nd1v1d—

uals, Lactates were also hlgher in the low ST4 group, after



1 rour of exe}cise. There are large variations in lactate.
coi.centration between individual fibéra of the.- same type in
ﬁhe same muscle (Essen an@ Haggmark,1975). it appears then
thét the FT fibers can produceé lac;gﬁe at a much greatef
rate than ST {fibers but do not accﬁmulate it at a greater
rate for.a siqniﬁiéant time. . This suégests that there.is
diffdsion of lactate from FT to ST fibers. However, . the
whole muscle that is relatively high in FT fipers will
pfoduce more_lactqte at'tﬁe Sa%e percentage of mV02 than a

vmuscle-high in ST fibers.

There 1is étrong‘evidence fhat elite gndurance athletes
on average have relatively moré ST than ET fibers,compared
to athletes.-in. anaerobic sporis or thé untra:ﬁed (Cés-
fili,1979).‘ Endurance athletes tend to have a smaller pfo—
portion of type I1IE fibers fn compar;soé to othef Type-II
fibers (Jansson51975;‘Ingjer,197§; Janséon and Kaiser,1977).
3T fiber distributioﬂ may vary between groups of efite en--
durance athletes of differentlsports, Elite long disfanée
runners tené to havelgréaterJZST fiberé thanlcross country_
skiers in_poph'gastfocnemius aﬁd-Vastus lateralis muscles
“{Rusko, Havu and Karvinen, 1978). Elite aistance runners
alse had higher ST% in the gagtrocnemius mqscie than elite.
middle distance funﬁefs (Fink, Costill and Pollock,1977).
In comparison tO‘thé.legs, fiber ﬁype distributidn_in the
deltoid musclg was;not significantly different in athletes
(paddlersﬁ crqsé_country skiérs) and the untrained (Ruskd,

Havu and Karvinen, 1978).



The.fibefs differ metabolically as well. Cross country

skiers had a higher percentage of mitochondria-rich fibers
and greater average number of capillaries per fiber "in all

‘three fiber types compared to the untrained (Ingjer,1979).

Each fiber type of the.ékieré had a significan%ly higher ca-
: 7 SEI T , : e '
pillary/fiber ratio than the untrained; the greatest signif-

[
9]
W

nt differernce was in the ST fibers and %he smallest dif-

ference in the. FT .-fibers, with the FCG Iibers in between.

In a- comparison of elite junior ~and senior cross-country

skiers, it was found that 'the two.groups had similar fibef

type disgs fibutiOn.gutithe senior skieré,‘who‘had likely had
more ﬁrainiﬁg}hﬁad é;egter-SDH éctivity (Vihko ép-aI;,1974).
Sprynarova and é;sociates {1980) found, over tﬁe.cro§5hCOun—
Try ski'seascm; thag skiefs who predominately trained w-.th

distance training had an increase in whole muscle HADH ac-

“tivity, whereas the skiers who did speed work in their .

Training had a decrease in whoele muscle HADH activaizy.

\\/’“\.
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Fiber

TABLE 3

Distribution and Pefformances

Author
(n,group).

i
ST% & mV02| STY & AT

~

ST? and
Performance

‘Ivy et al.,

1981 (9,

Bergh et al.,
1980 (53,
athletes, both
sprint & Endur.
sports)*

Costill,Fink & ﬂ%l

Pollack, 1976
{32,elite dist.
& mid-distance
runners)®*

Farrell et al.,
1979
(18, middle

cdist.run.)=*. -

Ivy, Costill-&
Maxwell,. 1980
{20, active) .

(n=13, healthy..
males’ oo

Jacobs:Sjodih i
& Schele, 1983.
(12,healthy)

Komi et al.,

trained)

T T T T T T ’ T ,

r=0.72

r=0:75

e

i
f
t
|

r=0.87(c)

o ono
-~
Y&y
BN

—H

r=0.74{b) |

|
|
f
r=0.78(c)|
: i

r=0.62

{a)

N

(£}).

r=0.80(d)
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TE$LE 3 (CONT)

Fiber Distribution and Performance

Author
{n,group)

ST & mvo2 |

Federson, 1978 .
(1l7,trained)***:
Rusko,Havu &
Karvinen, 1978
{15,elite jr
X-Cc skiers)

. Tesch, Sharp &

Daniels, 1981
(1o, active)

Symbols

ns noct sigrnificant
sig significant

{a) miles .

{b) lactate threshol
{c) OBLA {(work or

Muscle samples

r=0.56
ns ()

vel.

,\ﬁ”ﬁ
Hh L
—

jeppte]

ST & AT. ST® and
Performance

s1g (e)

r=0.39(g) "

r=0.75 (h)’

average marathon vel.
compared to FOG fiber
all subjects grouped
together '
ventilation threshold
°ST area

vastus lateralis unless noted

¥ gastroc or vastus lateralis
=% gastrocnemius ’

B

rectus femoris

36 -



Though endurance athlétes éenerally havé greatéf

ST than the.untrained, fiber distribution alone is a
"poqr predictof "of performahce, eniyme activity and
V02 aﬁong'athleteé (Table 3}. Among subjects of the
éame,%ST,_athletéé'had higher mV02's than the mocder-
Vately.;tréined':(Bergh et al., 1978). Foster et al.
{1980) found ﬁhe relationship-between ST% and perform-
éﬁcé to be medera;ely strong. Hdwéver, within a group
of eli?é disténce'runne;s,‘pepcegtage of ST fibers was
fpund to be - a poor pfedictor of perfbrmance (Coéfill,
Fink and Pollack,1976). Ivy, Costill and Maxwell
(1986) found a éfrong relationship betﬁeen mV02 and
%ST—anq mﬁscle respiratery capacity éombined, but‘once
thé effeqt-of'muscle respiratory capacity is statisti-
.cally removéa, the relationship becomes insignificant.
Rusko, RaHikila and Karvinen (1980) also found that
°%ST did not corréléte Signifigantly with ﬁVOZ. In com-
paring a moderately trﬁined group ‘(mVO2l;:'54.0 ml
’-02/kg/min) and a well trained group (mv02 - 69 ml
02/kg/min); only in the.moderateiy trained group did
fhé ST correlate significantly witﬁ mv02 (Vihko et

~al., 1978):

Improvements in enzyme activity and mV02 due to
endurance training have been shqwn to. be out of pro-
" portion to each other (Goiinick‘et al.,i972; Gollinick

et al.,1973a; Orlander,lgso)f - During the competitive



1

ski éeason, it has been shown that mv02 can be main-
tained while mitochoﬁdrial'énzyme activities ére_de—
creasing‘(Syrynarova et al.,1980). During'detraining
" and retraining, -enzyme‘ and mV0Z adaptations can be
different .(Houston etal.,1979; Henriksson and Rei<man;
1977). In Vihko and co-worker's study (1978), .it was
only the well trained group that had their SDHE,. Cyt-ox
and HADH activities significantly inéerccrralated.
Unevenly varying adaptatio;al responses in  highly

trained athletes may distort theh?g&ationshlp between

i N

%ST and mVO2 (Havu et al., 1973).

In summary, successful enduygnce athletes have,
on a%erage,.high ST/ FT ratios and high 6£idative ca-
Racity in their ST fibers. Relative distriﬁution of
ST fibers by itself is a poor predictor of performance
between endurgnce athletes in the same sport, but it
may show the potential "trainability" of the muscula-
ture (Orlander et_ai:,1977; Sjodin, Jacobs and Sveden-
nag,1982). There méy be ﬁgchnical and procedural er=
rofé in thé‘éuantifiéation oé ST fibers that cause ST
fibers tplbe“a felatiQéLy poor predictor ameng enauv-;
‘ance ‘athletes but the Skeletal muscle metabolism may
-be of much greater importance to. variations in per{:

formance within an individual (Foster et al., 1978).



2.3.2 Intensity and Fiber Recruitment

5

From direct stimulation .studies, it has been suggested

that reflexive and low intensity voluntary movements are ac-
'compllshed oy the_actlvat1on of ST motor units (Buchthal and

Schmalbruch 1870). hoyever, moest of our knowledge of fiber

. - ‘ )
recruitment patterns has come from interpre<ing glvcogen de-

pletion patternsﬁat'varioas exercise intensities. Table . &
.contains a ceview.of glycogen depletion studies in.diffe:ent-
fiBer t?pes: A synopsis of Table 4 suggests that, in dy-
namic exercise, ST will be the”predominantlf used fiber type

Up to intensities of approximately 80% rvV02. Eetween

- 80-100% mV02, the fiber recruitment pattern appears to be a.

mixture of ST and FOG fibers. As the duration =ime increas-

&1

es and the ST -and ~FOG fibers become depleted, FT fibers
start to be used. ‘Once intensity is greater than 1005, mvDzZ,

the .greatest glikcogen depletion occcurs in the FT fibers.
g 'y g
N - ,

' Several orocedural problems exist w1th using glycogen
depletlon patterns to determlne fiber recxultmehc patterns

PAS stain appears to be saturated at hlgh glycogen concen-~

tratidns and can become lneffectlve in dlstlngulshlng be{‘-'

:tween fibers whlch have high glycogen concentratlons It is
‘therefore p0o51ble that flbers were recrulted but - ‘not. de-
'tecteq as there was no measurable change in glycogen. As'
: the maximal'speed of'glycolsis'offST_fibersLis‘abontil[Sth

of that of FT fibers, it is alSo possible that ST fibers



S PR PR
have‘been_req;uited butrchanéés in glypogen‘sﬁores'Were.slow,
and went undetecteaf ST fiber types can use_othéf f&%ﬁ;_qf
eﬁefgy"(EFA,‘ gluco;e) -and thus -their fécruiémgnt 'dbsen't:
necessarily have to be reflectéd‘in'ﬁhéidepletion of glyco-
gen steres. Use of glycogen at varioﬁs'intQASitieéiaisq;dé- 
pends on intra’musbulé;' 'st'ores_r'o‘ glyeogeh' and e}ttracéllula_;ﬁ

levels of substrate (Maughan et al., 1978; Iwvy ét al.,l981).
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- . = TBLE 4 R

i Glycogen Depletion Patterns o .
e , : 'Q: _ ;
L L o |
" "Authors. :Inteﬁsity Duration fDepletibn Patternj
o ymvoz g | | |
Costill,-" ‘.f: . 1 30 km race : St fibers, fg :
et al?, : ‘ " running ' some fg en hills
1973 > o N co
' . - ! ‘ . . - " .. . = .;
Edgerton, "I  120% . continous, i  FG fibers
et al., 7 4-6 minutes | ‘
1275, C ‘ . : : : l
: CII -120% interval | . FG=sST. ‘ !
: . - 10 sec work, | - - : :
' 10 sec rec.
- total=40 min 7
JIIT . 60%  continous, - ST S .
R . 40 minutes P - . S
Essen : I 100% . irnterval, -~ FT=5T
1978, : . 15 sec work,
B ‘ . "' 15 sec rec. o
total= T ‘
:II.T'SO% ' tontinous, ST mostly, .ft- -
r i o -+ . B0 minutes N S
! . : ‘ . ' ;
i - "III 100% ' continous /. Ft mostly, st f
s i “ " 5 minutes i : ' i
" Gollnick, |  .150% . 6 x 1 min | FT :
- et al., ! . © 10 min rec. | i
FEECTE- A i ; |
) : e I S f !
.. Green,. ~ . i 1ce hockey . St, foy, fg
et al., : - ! game - . defence depleted i.
1978, o I | FOG more than S
B E - I forwards T
! | i [+« !
| - : 1 | !
'~ f ! ! I
L : | H : |
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'TABLE 4 (Cont)

" Glycogen Depletion Patterns

R N
) .
C e L .
[ .

-

[ S

£'5$55555555555

.

"Duration

re— T .

" Nygaard ",
et al.,
3978.

Tésch
1980

I1.  55%

~ Authors : intensity
o . %mvo2

‘ - Lo .

‘Gollnick «i I - 30%
et al., = i

1975, ! : :

e T 1T - 80%

) LIIT  90%

TV 120%

.V 150%

Green, i I;‘_ 120%

1978, P o

I1

I1

e e e TR TR I SR

|
|
j
|
|
i

40-60 min
40-60 min

6-8 x 1-2

min
£-8 x 1-2
min

10 x 1 min
10 min rec.

60 min

1.5 hr

Xx=c ski

Part I

followed by,
downhill ski}

" downhill,

':unskilied

*-S?mbols

i un

|
|

$$ 4 e

Depletion Pa

-

ST only lst:hour
‘fg after 2nd hr

ST first,all

FT first,

8T

ST

ST, FOG =

t ST, FT

'
I
L
!
1
:

" fibers depleted

st

FT= ﬁnskilLed

skilled

FG fibers depleted to’small extent
FOG fibers. depleted to small extent
ST fibers depleted to small extent
Recovery or .rest between intervals

42 - .

Lo

Lrern:

- - . -



Regardless of the potentialuprocéduralfpfoblems,

(:h

studies measuring fiber type adaptations"to'traininq”"

- at wvariocus 1nten51t1es appear to conflrm the conclu-;
2.

sions drawn in the glycogen depletlon studles Inter-

‘val training at 100% mvo2 incréaSed suCCinate.dehde

rogenase (SDH) activity only in the 'FT fibets‘iwhereas'

with continous trairing at,72-79W mVO2 an *ncrease in

SDH act1v1ty was only *ound in the ST f"1bers (Henrlks—‘

‘son and Reltman 1976). Interval tralnlng (alternating
l 2 mph to 2.0-2.5 mph) in rdts caused a 2004 increase

r_in-CS'activity in FG fibers, but thefe was no change

in FOG or ST fibers until the ‘end of the tralnlng Dro- o

L.

gram when the rats. were exerc151ng at the longest du-

ration: (Baldwznl and Wlnder-1977):-_'ln  continuous
training,‘theerats had a‘QSW 1ncrease ln both cs and
' hexokinase. actiVity in FT fi bers in- the ‘1“st two

e

weeks. The rate of 1ncrease “in acc1v1t1es plateaued

after 2 weeks. In-the‘FOG-flbezs the rate of 1n—e'“

crease in hexoklnase and CS . was - smaller but was pro—

gressive for lO weeks

This varylng enzymatic adaptatlon to type 1nten—

51ty and: duratlon of. tralnlng 15 found in. whole muscle :

homogenates as well.; In rats endurance tralnlng 1n—

duces adaptatlons whlch protect agalnst the depletlon‘"

“of glycogen from the llver and from the : 3 types of

skeletal muscle durlng prolonged exerC1se,(Baldw1n et



l 1975) These adaotatlons 1nclude 1ncreased activ-

Lles of the Lréb S cycle and electron transfer chain

-

;enzymes but a malnoenance or. decrease 1n glycoltlc en-

3 ohase nnzymat*c adapta+1on mode to -endurance train-.
.inq at constant'workload'for'ratSL Phase one is the
non-compensate mitochondr:al 'adaptétion. In this

zyﬁés (Holloszy et al.,1973) ) Benzi-(l?&l) suggests a

Dhase fheré is an increase "in’ m*tochondvlal encymes

-wblch dependwng on Lhe lnten51ty of the workload ay

not be spfflcznnt ano tbus-*here is also a compensa-

tory 1nc“ease in glycolytlc enuyme activity. The sec-

ond ohase called comoensated mltochondrlal adaptatzon

15 characterized by a further increase in aerobic en-

:/me uCt]"’tj that "is sufficent to meet the demands of

‘the workload. Glycolytlc enzyme activities return to

re-tyalning levels.  The last phase iz called the

f‘J

over-compensated- mitcchondrial a o)

cle'saepzymes'have,reached'a_Steady‘state, glycolytic
: -ac ;

enzyme &ctivities. are. at pre-training or lower levels,

a

. but there are increases in alfernate pyruvate pathways

(glutamate- pyruvate transamination).

Y

In man, long”te;m’training at 45%.mV02 caused a -

‘decrease in PFK actlv*ty (Shantz; Henriksson and Jans-

rson 1983) . Hockey olayers also exXxperienced a decroase

1n PFL act1v1ty ‘over a season (Green et al., 1979).

'Traiﬁing_intensitiés-of 607, mV02 (Orlander, KleSSIing

P:atloh; Lreb's cy-

r.4



and Ekbliom, 1980), 80-90% mV02 for 4 km runs (Bylund

-et‘al.,1977), and 80% of maximal hedrt rates (Orlander-‘

etal.,1977) caused no change in PFK activity. Golln-

ick and co-ﬁ@;kers (1973a) found different results at

the same training intensity as Bylund's work. The .in-~

. e .5 . -
crease in PFK acitvity in this study may have been. due
to the 1 hour duration of. training.

Total LDH activity has been shown to decreasé due

. bl
(Orlander, Kiessling and Ek-

te training at 6

blqm}l980), whereas higher intensities (80% of maximum
heart rate) caused an increase in total LDH' activity
(Orlander et al.,1977). Endurance training shiftsg the

. , - o ~

relationship between LDH isozymes to a more heart-spe-
cific pattern, thug\y?epressing total LDH activity,

.1 \\ - . . . _‘ l. .
whereas strength training increases sotal LDY activity

-

as well as M-LDH actlyiﬁﬁ'(KarlssOn et al.,1975; Sio-

dih; Jagobé and.SQedenhag,1982).

Alpha-glycerophosphate dehydrogenasé activity ap--

~pears to increase only in FT fibers when training at

.. 75-90% mv02 for 1 hour durations (Gollnick et

al.,1973a). ILn this study, the_FT {fiber type was not

broken down to A and B types.

Mitochondrial enzyme activities appear to in-
crease at training intenséties lower than those re-

quired'to.initiatehglycolytic enzymé'increases; Long



Jduratlon endurance tralnlng will cause an adaptatlon
GE HADH (Schantz Henrlksson and - Jansson 1983 Jansson
and Kaise;,l97j). cs and MDH have been shown to in-
crease inrthe'triceps but not a; The same time iq the
vastus lateralis, at inteﬁsitiee asllowﬁes:cross'cdun—
try skiing at 45% mVOZ.; SDH haslbeeﬁ shown to in-
. Crease at training inéeneities of 75%-mV02 (Svedenhaé,
Henriksson and Slee Q83{, 72-79% mV02 (Henriksson
and Reitman}1976) and. 75-90% mVOZ'(Gollnick et ~al.,

1973a). | . | | ﬁ
. In conclusion, there appeare to be a coupling be—
tween .work. vntenc1ey, recfuitment,‘and oxidative en-
zyme adaD_atlon T At intensities belowisoz mv02, ST
fiber; wodld be primerily rec;uited and fatty acids
would be the predominant substrate utilieed, Some ad-
. , ’

4

aptation of fatty acid oxidation enzymes may occur
~ : ’

tﬁe duration is long enough. Intensities_abcve 509
mv02 and approeching those of 80-%0% ‘of mv02 will
likely reqreif beﬁh_ST and FOG fibers, consume both
carbohydrates-and fats, and cause adaptation of both
fatey.acid‘end glucese oxideeion enzymes in both of
‘these fibers. [f the duration becomes long enoegh,
‘use of FT fibers may occer.' At 1ntensities of 20-100%
mv02, it is likely that all’3 fiber types will be re-

cruited and there may be some adaptation in the FT fi-

bers of ‘both glycoiytic and/or mitochondrial enzymes.



At 1s to be expected that, to signifjcantly in-
crease ‘the lactate levels in the blood, one must exér-
cise at a high enouéh_intensity to recruit EOG and FT
fibers, It 1s also to be expected that if endurance
'training will increase the oxidative capacity of ST
~and FOG fibers, as yell as increase the ability of
these fibers utilize lactate,_ one must exerciée at
even higher intensities to in&rease iactaté-levels in

the blood after training.

2.'3';3_" Substrate Supply

It has been discussed how glycogen usage increases with

increasing work intensity. At 150% mV02, one teéenth of nor-

mal glyceogen stores can be used per mingie, while at inten- -

sities of 50% or less, glycdgen aeplééidn may be less than
G.5% per minute (Saltin and Karlsson, 1971). Thogqh.the rate
of glycogenolysis is much lgwer at submaximal intensities,
glycogen3depletion,becomes'an important factor in perform-

ances that reguire intensities of 70-80% mvO2 and duratiens

of 1.5 hours or more (Karlsson and Séltin,197lf Shé;mah et

al.;lSBl). The effect on performance is the inability to
maintain optimal pace or work output when glycogen'stores

‘are depleted.

A carbohydrate-rich diet alone, under resting condi-

tions,  will not ‘app}gciably change the muscle glycogen



stores (Hultman, Bergsﬁrém and Rocthorlund,1974). " Exer-
cise-diet manipulation, however, has been shown to_inc?easé
resting muscle aﬁd liver glvycogen levels. An'extreme_prﬁce-
dure of 2 hours of heavy exercise, followea by a iow carbo-

hydrate diet for 3 days and a:high cérbéhydrate.diet the

following 3 days, significantly réised musc;é glycoéen lev-;,
~els te 35 g/kg wet mQEE&Z Compare6"£§:17.i g/kq on.a‘mixed.
diet (Karlss and Sthin}fgfl); A less severe manipulat;on“
of 3 days of mNxed diet and 3 days of high carboh;drate,
without the 2 hr distance run, also caused an,incfease of

muscle glycogen (Sherman et al.,1981).

The rate of glycogen depletion at fhe same wWork inten-
sity can also be ménipu%ated. Gollniék‘et al, (1981) de-
pleted <the muscle glycgdenA in oné"leé and ;hen d;d two
légggd cycling. It was found that the glycoéen:depletion
waslfaéter in the leg with normal stores compared to the de-
pleﬁed leg. 2 comparison study of a 20.9 km race both with
and without glycogeﬁ-supefccmpensation; indicated’ that sub-
jects finished the race with similaf-times and siﬁilar_absd—
iufé gl?cdgén levelé (Sherman et ai.; 1981). This éudgests‘

a greater glycogenolysis rate when the stores are higher.

,’Differences in glycogen ‘stores also have an effect on
blood lactate. Glycogen depleted subjects had lower than
nermal blood lactate levels at rest, after 2. min of exercise

at 55-60% mV02, and after 2 minutes of 90-95% mV02 work (Se-

¥



_-éaL and érooks,l979):_ éﬁbjects running 10 milésugt 80% WVOZ
oh each'of73 conse&ufivé‘days.had lower initial giycogeﬁ
stores and blood lactate levels durlng exerc1se on ﬁhe suc-
cessive days (Costlll‘et al-;1,71a). Cycling at 50% mVO?:
for 60‘minutés in a glycogen deplétéd sta;e,‘éiiciteqilower
bloog lactate levels than thoSé during normal ané‘éuperéom-
pensated states (Maughan et al ,1878). The study by Golin-
ick and ceo-workers (1981) of subjects W1th ocne low- glycogen
leg and one norma1—glycogen leg Lound that, during exercise
the normal leg was producing lactate whlle the low a‘vcognn
leg had a net blood lactate uptake. The‘éxercise Qout con-
sisted of cycling at 62% meE for 20 minutes.followed'by an
exerciée bout at 84% mv02 for 20 minutes or until exhaus~

tion.

Similar ef ects of different muscle glycbgen conééntré_
tions upon blood lagtates have been found during incrémental'
work tests (Heigenhauser, Sutton and Jones,léBB)..ﬂThe sSig-
- nificance of this is. .that differenn muscle glycogen concen-

trations might affect anaevobic thresholds that are deter- -

mined. by lactate measurements.:

A second gource of ‘gérbohydra#es is‘,bloqd"éluéose,
which”orﬁéipates from liver glchgen. Those stores can be
manipulated'_iﬁf thé -samé maﬁner as tgé muscle glycogen
sﬁoréé; The arterial glucose concentratlon is lower after a
fat than after a carbohydrate diet, both-at rest and during

exercise (Jansson, 1980).



Muscle glucose upoake durlng exercise .is dependent on
'duratlon and 1nten51ty of exerc1se (Wahren et al. 1971) It
is also denendent upon glycogen stores w1th1n the muscle it-
self (Golln}ck et ‘al.,1981), belng greater when glycogen
levels are denleted.- Du*lng mooe”ate eve"c1se glucose lev-
‘els will increase-and peak around 10-60 minUtea and then
start to detrease. Aﬁhletes-who Dafticioate in events long-

{
er than 3 hours may become hypoglycemlc (COStlll and Mill-

er, 1980)

Unlike muscle glycogen, ehe size'ofbfriglyceride stores
differs tonsiderably betweéen the various fiber types, with.
:the largesf‘stores found in'éT fibers. . Endurance athletes
have been. shown to have“larger intramuscular trlglycerioe
stores and to use‘tnmﬁ to a gieater extent than the un-
trained‘(Lithell et al.;l979).J The size of the intraou;cu;
lar fat stofes ay be oonsidered insignificant wnen compared
to the adipoee tiesue etofes,.but in one instance the intra-'
muscalal stores accounted lor 75% of lipid oxidation duzlnq
exercise at 70% mVO2 until evhaustlon (Froberg, Carlsson and
Ekelund,l971). It is p0551ble that its primary 1mportance
"mé? be during ﬁhe first 15-20 minutes-of exercise wnen the

blood FFA concentration may be decreased.

Little 1s known ‘about the use of plasma triglyceride
during exercise. Bipoprotein—lipase"acﬁTvity in muscle has

been. shown to increase during an 85 km ski ‘race, which sug-



.éests-a higher capaéity for ﬁptaké of fafty acidsffgom serum
triglycerides (Lithell et al., 1979b). Newsholme (1981) has
suggésted fhat the maximum capacity to‘dé:ive energy for -ex-
‘ercise from_éif&uiating triglycerides'only constitutes abaut.

10% of the total oxygen consumption of the muscie.

The major type of lipid material the muscle can use is

by

.in the fo

H

m of FFA. The triglyceride/fatty acid cycle con-

trols the release of fatty acids into the blood (Fig 5).

There is a'contlnuous and simultaneous liﬁplys;é‘and_
re- esterification in adipose tissue.” .Sympathetic‘ nérve
'spimulatiqn sighificantly increases‘adipose blood fldw]re-
sistance (Hjemdahl and Fredholm,1974).d This ttaps some of
the lipolys:is produﬁps in the tissue and also delays.the 1i-
polytic stimulaticﬁ by blocod norepinephrine. by temporary'
blockage “of its trénsport"ih adipdsg tisgue (Fredholm, -
1970} . The subseguent incréase of fatfy écia conéentfation
has an inhibitory—affecf on lipéiysié and the fatty acid;
are.subject to réeestefification.'This results inAan initial

decrease in plasma EFFA" Lactate is also known to have an

Nnhibitory affect on FFA release (Hjemdahl and Fre-

dhdim, 1974). .

The Qiucbse/fatty acid c&cle modifies~substréte'utili-
zation within the Tjsélé (Newsholme'and‘Start,1981). An in--
crease in fatty acid oxidation is associated with increased

intracellular concentrations of.’ acetyl CoA, citrate and

-
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G;6-P. JAn lncrease in citrate inhibits PFK and'thue feduces
the raterbf‘olycolysla. This in turn'increases G-6-P con-j
centration which inhibits hexoklnase and glycogen phosphory-
lase. A decrease in these enzymes's act1v1t1e5 reduces the
fate‘ of glucose utilization and glycogen depletion. As
well,-a‘high ratic of acetyl CoA/CoA concentrations inhibits
pyruvate dehydrogenase. Thus the use of fat nas a2 sparing
effect on the'utiliéation of‘glucose ano glvcogeh In rats,
raising the FFA concentratzon resulted in a slower oepleelon
.of'glycogen stores in the ST, FT and FOG,.fibers and in the

‘liver (Hickson et al.,1977).

‘In man, the a&ailabllity;of lipids.and'the.ability to
'use:theﬁ at “he muscula tissue level plays an ,mportant
Lole.ln moolfylng blood lactate and- endurance oerformance

Thé use of caffe_ne, wnlch 1ncteases llpolYSLs,-has been
shown to increase endurance times (Ivj et‘al.,195§}, " The
“ennancenent‘of petformance oy caffeine 15 due to.thé sparing
effect on'glycogen,byJthe'increased use of'iat (Essig, Cos;f
lblll and Van Handel 1983). High fat dletS by tnemselves or.

with the addltlonal infusion by heparin, have.been shown tol;
lower lactate in both incremental exercise (Ivy et-al;}l981)
and in exercise at 70% myvo2 - untll exhaustion. (Galbo, Holst
and Chllstensen 1979) Conversely,- high- carbohydrate dlets
wilk 51gn1f1cantly increase glucose and lactate levels\ln

both types of exercise.



Low llver glycogen is not necessarlly assoc1ated wlth‘
hvpoglycemla DrOVlded the muscle glycogen sto*es are nor-.'

.malr ThlS was true durlng 60 minutes of arm exerc1se at 70%'

arm V02 (Lav01e et alu,1983) Protectlon agalnst hypoglyce—

mia was prov1ded by hlgher concentratlons of blood F A andw

lglycerol There was. llkely a smaller demand on blood glu—‘“

cose when muscle glycogen stores were normal. dur'ng evel-

cise, compared tp when muscle glycogen stores were low.

This phenomenon is impbrtant 1n the con51de1at10n of

-

measurement of'thresholds ’as the avallabllity of substlater_

has been shown to affect the_ lactate ‘thxesholdf (Ivy et

al.,1981).

-

Glucose, taken one hour or less before exercise, will

usually have a detrimental effect on Derformance by increas-

ing the rate of carbohydrate metabollsm and decxea°1ng en-

durance tlmes (Costll1 et al.,lQ??; -Eostez, Coetill and

1

-Fink,l§79).‘ The effect of glucose 1ngestlon is medlated bf

4

'insUlin. The 1nsu11n can depress the blood glucose level -as
well as 1ncrease glucose uptake by adlpose tlssue xesultlng

in an overall decrease 1n-che release of ?FA. This lnsulin

response can occur well into the exerc1se (Foster ‘Costill.

and Flnk,l979). If the glucose is- taken after the onset of

exercise, it may result in the enhancement of duratlon times
\
. .

due to the‘sparing of glycogen (Ivy et al.,b1979)..

Y
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Other hormones that control availability of substrates

during eyerCise are glucagon growth hormone and catechola—

mines;. Glucagon acts as a llpOlYSlS activator in the adi-
pose ssue and as a glycogenolySis activator in ‘liver. . The

"increase in. blood sugar -from the 1ncrease in glycogenolySic

1 .the liver can, in ‘turn, depress liDOlVSis in adipose tis-

sue (Newsholme and s_art 981) G“owth hormone has & lipo-

lytic-effect, But is of relatively little consequence during
exerc1se unless it is prolonged aver several hours.. ,rhé in-
hibition-of_RNA syntheSisﬂcan block the'lipolytic effect ofl
growth hormone (Newsholme and Starct, 1981). rr‘his suggests

that growth hormone's effect is through protein.svnthés

.

There -also appears to be a delay of up to one hour bef re_

the response to gro wth hormone can' ‘be detected {Newsholme“
and'Start,1981). The_response to_catecholamines_onlthe other
hand is alnost'immediate. Epinephrine'increases cAMP con-
centration, which in Turn’ increases glycogenolySis'in muscle
and liver and lipolysis in adipose tissue. In addition to

1ts previously Mentioned role in increasing glucose t“éns—

port in nuscle and_adibose tissue insulin also can increase

'the rate of glycolySis in. both muscle and adinose tissue by'

s

'”Virtue 5f an increased supply - of substrate Insulin also-

increases esterification and lipogeneSis in adipose tissue

Substrate uptake: in exercising muscle is . determined

mainly by work intensityp while substrate release into the

Circulation is regulated by the hormonal reSponse which de—

-5 -



Epends on intensity and duration (HagenfeldtI Bjorkman “and

'Wahreh,19801. Endurence training will fesolt'in'increases;'

_'of 1ntramuscular stoves of glycogen and llplds ‘as uell as
modlfylng the hormonal response .The_rate.of ;;se_of gluca_
gon 'and..catecnol%m;nes duylng exercise oeoreeeee_ after

raininé (Gvotelberg et al.,1977; wiﬁoer: et al.., 1980).
Wioder and go- workers found that the hormonal comoonent cf

tralnlng adaptatlon can occur"very -early ine-th training

program. Tralnlng also increases the‘sensifivity to-insulin
(Soman et al., 1979). 'Tréining-wial redﬁce the amount of

Ansulin decrease normally . found in exercise - G neelber 'et-
iSe I : LN eXe Y

,1977).

In summary,‘both ‘D rq and e!trace‘lulal substrates can

affect subsequent utlllaatlon blood'lactate and perform-

ance. At 'intensitiee between SO and’ 90° mV02, glycogen
otores and the late of tnelr Uull4zat10n are important fac-
Tors in .dete;mlnlng endurance perfq;mance. Increasing “the

FFA supply"by,diet or caffeine and-ingesting carbohydrates

during exercise all can enhance endurance performanoe by

spéring glycogen. Endurance tralnlng has .a 51m11ar effeqct

'rby also .sparing glycogen

With all other factors belng egual, the,interrelatlon—
Shlp betwe’& fat and carbohydrate utilization can determine
- blood'lactate and ultimately lactate threshold. An increase

-

in the availability of fetty acids in the mitoohondrla wiil

-

e 1 1
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.result 1n lower lactate levels at the same 1ntens1ty of ex?
ferc1se

2.3.4. Control of Efflux from Muscle

S

iLactate appears 1n the blood at 1nten51t1es around 50%

mv02 and lactate appears in muscle well ‘before- it is detece
table in blood Durlng all 1atenswt1es or exercise lt.lS
in hlgher‘concentratlon in whole muscle than in blood (Ja-'
cohs'and haiser,1982)..:lt is' not known how lactate trans—

port- across membranes ~occurs. thltman and. Sahlln (1980)

Tea

suggest that 3 mechanlsms are potentlally posslble for both-
lactate and lactlc ac1d transport across the muscle ,cell
- menbrane. Transport COuld occur byAl/ pa551ve e;”£esion, Z7 0
pa551ve medlated transport or 3/ ‘active medﬂated:transport

in the form of’ lactate or lactlc ac1d Howeyer,.seVeral'of

these methods can be dlSmlSSPd [

- . ) . . ) - . e

Because . of its low pK’at_physiologlcal-PHJ lactic acid_

is almost completely-disassociated:. ‘At PH 7 O the concen—

tration of lactate is about 7000 tlmes that 5 lactlc acid
'and therefore it has.been assumed that 1t crosses the muscu-
lar membrane as lactate (Hultman and Sahlln 1980) ,.Roos
(1974) and Mason, Mainwood'and Thodéd*(l983)Lsuggest that_f‘
in éact,'the species that crosses the membrane 1s lactlc'
facie:' At ph§51olog1cal pH, 1t is energetlcally pOSSlble forie

',fthe pa851ve dlfoSlon of lactlc ac1d to occur, but'the pas-.

AV



o _ S
éivé_ difﬁuslon-:of lactste" 1s energetically impdssible.-
MainﬁoodA (l98£) states‘ that ther are speclflel sites or
,cnannels through whlch lactlc acid can diffuse. éeq (1984)"
uslng ai.nuglear magnetlc -resonance techniqUe, discovered-

_that "lacfate "crosses in both forms. However, studies. by

o,

- Mason,“Meinwood Ehd‘Thoden (1883) and Seo (1984) , used 1iso-

lated amp blan muscle and the Implicatui on has vet to be to

be determlned for._ntact muscle in man.

‘The rate Bfrlsetate'(er lactic aciAl diffusion is ln—F
creased by 1ncrea51ng extracellular PH.aha.HCO3'cohcentra-
tlen in cogs (Hrrqhe et al., 1975):ahd'in fregs (Mainwood
fend WQrley—Ergwdf_l975)':iMainwoqd (l983) ascerta:-ns that‘
the-liﬁitlﬁg-fector inrlabtate.efflux from muscle is reﬁoval
or bufferlhg’ef lactete_lnltheeegtracellular clefts. Unfor-
tsnately, thererl lno:ev*den”e th"* the bLffEl cépqc1ty.of

' "
Dlood 1ncreases wlth tralnlnq (ShalD et al.,b1983).

It is;tthth.by;some,-that‘lactate anéhydreqen lons
"Cress'the musele ﬁeﬁbrane stiroﬁghly the saﬁe rate (Hultman
-ana Saltin,1980)[‘ Only du'lng the early part of. recovery
does the muscle appear to pass Ht lons more rapidly than
lactate. . Others suggest that entry of lactate and H+ 1cons
into the/q;LQsma may .nét'.be' equimolar (Jones . and Ehrs-

am, 19821} .

v

Jorfeldt, Juhlin-Dannefeldt and Karlsson (1978) found
L m L |
“ that, at muscle lactate concentrations of below & mmolE/kg-

‘éﬁ"“ ' L 5l585;



wét muscle, tﬁe vehods—atterial diffegence across the Lég[
when. plotted véfsus .muécle idctaﬁe conceﬁtra£ibn, demon-
strates a iingar'incréaés.‘ The‘érteriai-venéus difference
levels off‘at higﬂer muscle lactate concentrations. The;

suggested a saturation of Lranslocauwor devices as the pause‘

of the levellng off of lactaue efflux.
»

In summary, lactate efflux from muscle 1s net well un-

derstoaod. At present, there is nc general agreement on how

lactate leaves .the muscle cell.

There is some evidence that la&tate effiux'may level’
off at higher muscle‘lactaté conéentrations. This could be
due to saturation of lgctate/lact;c acid translocation de-
'v;ces, or t¢ xhe fact that the buffering capac1ty ouuswdé
the cell is npt-éufficent to buffer the acid’ or prevent a pH

drop. -

2.3.5 Lactate Elimination

The sites of lactate removél ‘are’ the iver, kidney,
car&iac aﬁd‘ékeletal mﬁsclesf During rést, liver, kidnéy-
and cardiaé'muscie remove lactate from the circulation; the
liyer Lemoves 65% of the lactate, heart 21% and-kidng?s 13%
(Hultmanrand.Sahlin 1980).. A review of lactlc ac1q051s ‘by
Cohen and Woods (1983) 1nd1cated that, though the exact per-

‘centages of lactate ellmlnatlon are in questlon there is

general agreement that llver is the major site of lactate



.

removal at rest and skeletal muscle is likely a net producer

- 0of lactate at rest. In the liver during rest, most of fhe

lactate is - converted back to glucose. The heart is only

able to okidize the lactate whereas the kidney may convert

it te glucose, oxidize it or eliminate it.

Lactate uptake,by,livér dufiﬁg'exercise is dependent on
<he intehsity of the exercise (Cohéﬁ‘énd Woods, 1923) . Dur--
ing low"to moderate‘exercise: the livef éaﬁ maintain or in-
crease‘iﬁé lactate uptake (Sestoft etfal.,1977;.Rghe}l et
al.,1l946). During intenée exércise, l;ver ﬁptake bf igcﬁate
is elevated only for a shbrt peri&d and then starts to def 
crease td resting levels, likely due *o decreasea blood fl5w
té_liver during exercise {Wahren ét al., 1971y, Lactate up-
take by the liver inéreases when 1its glycogen lévels are low

:

(Hultman -and” Sahlin, 1980) .

During exercise, skeletal muscle appears to play the
major role in catabolism of lactate (Jorfeldt,1970; McCrail,

Bonen ang~Belcrasto, 1978).. During recovery from exercise,

continued light exeftise speeds ub 'lactaté‘¢disappeardnce

from blood. Lactate removal is.most rapid at a work inten-

sity between 50% and GO%ZmVOE_aqu&uSt béiow'tﬁe lactate
threshold (Belcrasto and Bonen,1975; McLelland and Skin-
ner,198z; Schdner et al.,lgéB). 'Durind the f;rsflfiﬁe min-
utes of recovery ghefe appears to be no advéntage to é#er-

cise during recovery '(Bonen and Belcastpo,1976;z McGraill,



Benen and Belcastro,lé?B). The highest rate of disappear-

ance of blood lactate occurs 5 to 10 minutes after cessation

.0f .exercise. . Lactate uptake in muscle is more rapid when,

the mustle .fibers are glycogen depleted (Gollnick et

al., 1981, Essen et al., 1975).

In man,

n the rate of lactate diffusion from muscle {Tzankoff and
; _ N R

Norris, 1979).

Oxidation of lactate has trad*tlonally been thought "to

be the only me_nod by which skeletal muscle coul d acheive

lactate " consumptlon . There is a receni suggestion, how-
ever, that one of the fates 1is gluconeogenesis, but the
significance of this fate 1s not understood (Hermansen and

Vaage,1977;. McLane and Holloszy, 1979).

Donovan and Brooks (1?83) and Ercoks and Divine-Spur-
,géon'f(1§83) T;uggeét that the lower lactate boncéntration
found at the same wovhload after training, is due to an in-
-cxeased lactate cleagaﬁce ‘rate and not to decreased lactate
pLoductlon Trained rats increased their. lactate clearance
dﬁrlng easy exercise and were‘ablg"ta-Maintain thét.rate
during heavy exercise. Untrained rats dééfégégﬁ their meta-

bolic <¢learance rate during heavy exercise only. ‘There was

there 1is. a progressive, age-related diminution ..

-

also a small change in the fate of lactate. Training dimihf_.

- ished the percentage of lactate oxidized and increased’ the“

percentage of lactate converted to, glucose.



‘In éummaryh lactate elimination during exerciseAand re-
_ - N
covery, 1is not completely*gnderstood. It has been tradi-
ticnally thought that skeletal muscle, and in particular the
ST fiber, is the major site of lactate rémcval'dgring and ’
after-e#e:cise. "By v;riue of its.small sizé in comparison
to skeletalvmu;cle, and perhaps due to a decreased capacity.
to matabolize lactate =zt h;éh intensity workloads, liver
plays a2 smaller role in elimination'of;lactaﬁe dﬁriﬁg éhd
after heavy exercise. More research intb tﬂé fate of lac-
tate in different fibér types and at different‘exe;clse in-
_tensities-is required before a definitive statement can be
‘made on the fate of lactéte in muscle. " It is likely that ST
ffbers play a major role in lactate eliminatien. There 1s
-evidehce That fraining“can havé an effect on elimination of
lactate. Zge and size of glycogen stores may h#ve an effect
oﬁ the rate of lactaﬁe elimination.

2.3.6 Su'mmar-y.

b

Fiber ﬁypés, exércise iﬁtensity, fiber recru1tmen£_and‘
substrate supply all play a role in modifying lactate efflux
and lactate eliminatién, and thus.plasma lactate concentra-
tions. In man, skeletal muscle is commonly divided into: 3
fiber“types; FG, FOG and ST. SE fibers have'the highest OX1-
dative capability and can fully ogidize fatty acids, glucose

and lactate. FG fibers have a potehtialiy high rate of gly-

colysis and lactate production and have a poor ability to

{‘ - 62 -
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fully'okidize glucosefand‘fatty aclds. FOG fibers lie some-
where between, with enzyme profiles intermediate to the. oth-
“er fibers and contractile _propertiee' somewhat similar .to

fast twitch. S ' S _--';

Motor units, which are homogéneous  in their fiber éype;
are. recruited in ‘a specific pattern. ‘iPrimaﬁily: Sf‘:notor
unifs are receuited at low.intensities up to 50-60% mvQ2.
At highef intensities,-up to 80;907 mv02Z, ?OG ’ibers”are
alsoerecrnited. S5till hlgher 1nten51t1es elicit, an aad‘;w
'tlonal recru1tment of FT fibers. If the exercise is cantin-
ued for an_extended period of time (times va}y fer each fi-
-ber -fype) the 'orima}f::fibers may become deoleted: in

glycooen and other fibers that aren t no“mally recruited at-

‘that 1nLen51tv may be used.

It appears “that oompus£ion of carbohydfates oocgrs-atr
ever?_;ntensity'and fhleate cf use is roughlé'lineaf-to en~-
ercise 1ntensity' An enhanced rate of. glycolysis occurs if
g;ycoqen stores are hlgh ;t has also been noted that a
'drop—off: in endurance 'performance ‘iS Astrongly associated
Awithl glycooen 'depietion3 Performance 'ie prolonged ‘when
there is an 1ncrea5ed ablllty to use fatty acids-. This gly-
. cogen sparlng effect can OCCUI by manipulating the:diet or
.with‘enourance téeining. | J

An increased rate of glycolysis is associated with in-

creased production of lactate. The iactate produced is not



necessarily reflected,irn the plasma lactate éoncentration.
Blood lactate is a reflection of simultaneous lactate efflux

and uptake. However, factors that increase the rate of gly-

colysis (glycogen supercompensation, ' increased intensity)

-

are assoclated with  increased plasma lactates. Endurace
training, fatty diets, caffeine and glycoden‘depletipn all
directly or indirectly affect the mate of glvceolysis and, in

- the same manner, affect plasma lactate.

2.4 ANAEROBIC THRESHOLD

The release of lactate into the blood .is associated

with 1ncreased release of. 02 from bicarbonate. The conse-
gquent- rise in C02 is reflected in a rise of =zhe vent:latory
gas exchange ratio (K).. In 1964, the increase in R was

first used as an indicator of anaerobic metabolﬁsm (Nalmark;
Wasserman and 'Mcllroy,lgéé; Wasserman and HcIlroy,}964).
Furfher study of ventilatof? .fespdhse_ dﬁrinq in:r;ﬁentgl:
work indicated that 'a threshold can.be,dellneated by: 1) 31
. . ; . R
naon-linear increase in VE, 2) & non-linear increase -in VCO?,
- 3) an ;ncrease in ehd—tidal 0z withoﬁt a corre;pOndipg de-
cfease in end-tidal 02 ahd'4) anlianease §ﬁ Rf(Waséermahfét
al.;1973).~‘Howevér:cohtroversy rémain; to ﬁhis day. as to

~‘whether the ventilqﬁ on ﬁhreshold occurs'at_tbe same V02 as

the lactate threshold (Wasserman,léBB; Brooﬁs,1983)._



Davis;l??gd, contributing up to 20-50% cf. the tetal wventila-

The premise of the VT is.that lactate Contributes to

exercise ventilation by increased Co2 outnut and increased

“H+, which is an- independent but smaller, ventilatory_stimu—-

'

lus (Sutton and Jones,1979); "The humoral control of venti-

‘latory_drive is unclear"-It is thought that'the .carotid

bodies are the only peripheral chemoreceptors mediatina ven-

1

tilatory contrel during exercise in man ~(Whipp and -

tory response. (Heeringa et al., 1979). Levinef(i979)f3dg—

gests that there is an additional extracranial receptor that
mediates changes in ventilation in response to exercise- 1n—‘
duced humoral factors On the other hand, the majdr drive

te ventilation during exercise- may be neurogenic. Kao's

study (1977) with crossed blood peirused dogs ind1 cated a

large neurogenic factor ' Since the VT can be seoaraced from
the LT during gl ycogen depletion thie also - suggests neuro- .
genic control-of ventiiation (Green et al= 51979).: If theA
ventilatory. response to exerCise is due,to neurogenic'*ac-
tors only, then the assumption that the VT reflects the lac-d

tate response is invalid

T

It is interesting to note'that'Wasserman who initiated a

'great deal of original AT work has never reported any cor-

-relations between LT and VT, nor reported differenceS‘of

means in LT.--and VT (Naimark,,Wasserman‘and Mcllreoy, 1964;
Wassérman;et”al.,l977 Wasserman and McIlroy 1964; Wasserman

et aly,1973; - Wasserman, 1978 .Dav1s, Whipp and Wasser—



‘man, 1980; Wasserman, Whipp and Davis,l981)1. Other research-
" ers have reported no significant differences between VT and
LT and correlation coefficients f@nging from r = 0.83 to r =

— : . . .
0.95 (Davis et al.,1976; Ivy et al.,1980; Réinhard, Muller .
and. Schmulling,1S79; Yoshida et al., 1981). —Others hive
found that LT .and VT are significantly different. using the

same protccol (Creen et al. 1983; Scheen, Juchmes and Ces-

‘ o - L . ‘
sion- Fossion, 1981; “Stamford, Weltman and Fulco,1978;
Watts,1982). "As well, LT and VT can be differentiated by
fhan@ing the protocol. Differentiation can be induced by

chang;ﬁg the rate of increase of work, -changing .the sizﬁ‘of
increment of work, changing the pedaling speed, using prior

exercise to prematurely elevate lactate concentrations, and™

by glycogen . depletion (Hugbes, -Turner ang Erooks, 1982;
Hughsen and Green,1982; Farrell et al., 1983y, - Subjects
suffering Irom Mcirdle's dissase are una

ble to produce s319-

cant amounts of lactate, ve:

11l exhibit a VT (Hagbers

H

et ul!,1981; Hagberg et al.,6 1982).

VReinhard, Muiler ang Schmuliinq (19?9)'tfféd;t07}éiat§‘
'; ﬁén—iinea£ cﬁangé in VCOé‘to fhe Mofﬁ leﬁéi at-whicﬁ-a
ﬁarked‘fé;l of caﬁillafy.pH oceurs:, fhe author® called this
 workload'thé TMDA; lOchérs ﬁave found that a'ﬁﬁange 1n ven-.
tilatory response'dqes nof‘fepresent the_TMDA-wéll XDayié,‘

Whipp.and Wasserman,1980). Lo e
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LT hasrbeeﬁ determined by either the first sign%fidant‘
inﬁrease in lactate, the first significant increase in delta
lactate (exerciée lactate - resting lacta?e), 2.0 ﬁM/i lac-
tate or 2.2 mM/1l lac<tate. In the studies which have éhd@ﬁ-
that LT and VTiare siqnificantly differept, LT expfesséd,in
*“mV0Z tends to_be lower {(Simon et al., 1983; Scheen;-juehmes

and Cession-Fossicn, 1981) (Table 5). .

There are ﬁhfée other threSholés determined by blood-
lactate meaSuremeﬁts. ' OBLA has come igto common”usage and
is _détermined. by the'-WOrkioag cofrequnding to . 4 mM/ L.
Davis and éass (197é,1981).use a diffeféﬂt protocol.tg meas-
_ure AT2Z2 or léctate turnp?int. ATZ2 is determined with fwo
consecutive incremental tests,one after the other. In the
second test, lactate ievels gre initially hiéh dnd decrease | -
at work.igtensities above the workload ip fhe’first tescl
ﬁhaf elicited an increéée -inr lactate. ET2 is fhe point
where.lactate levels start to signifiCantly increase iﬁ thel
second test. AT2 has npt:been csmégred'fb-QBLA or FAT.  IAT
is determined from lactate turve; of a single incremental
test Spanhing both exercise and retovery (Stegmann, Kiﬁder-

mann and Schnabel,l981). . \_ R '

In Table 5 we see thaf'average.LT values expressed as
%mV02 range in the normal individual, from 48-61%. In com-
parison, OBLA 1is normally fouﬁd_fanging in jintensity from-

77-85% mv02. IAT produces charaétéristically larger inter--



-

'1nd1v1dual dlfferences 1n absolute lactate levels than does
'OBLA ~and on average lles between tT and OBLA in blood lac-

tate levels and_relatlve voz. - -

The caDac1ty of the muscle homogenate to omldlze ;;ru-
vate was'51gn1f1cantly related to- the absolute (mV02=l/m1n)
and relative (%mVOZ) lactate thresholds (Ivy et al.,l?é@):r
uﬁunhlng Qelocity_at‘OBLﬁrwas sighifidaptlf related to %,ST
(Kcui et al. -l981l . Ninety-two percent(of thefva"iance'in
. bBLA could ‘be eKDlalned by %ST area .and caplllary den51ty
(Tesch Sharp and Daniels, 1981) The ratlo of PEh’CS actlv-;
ities and caolllazy densmty can account for 61%-of‘variance
:1n OBLA. (Sjodln .Jacobs and karlsson 1981) Ther'ﬁdscle/
-b‘cod’lactate T"atlo was greatest ;f the wo*kload clo;est to’
.TOBLA (Jacobs‘and Kaiser,lgez). | '
Anaerobic thresho7ds‘have been shown to dast}ngulsh:be—l
_tween traﬁned and untlalned suhjects . Groups.di;ferinqﬂzh_
fitness-(based on mVOZ) showed large diffe;ehceshat_all‘ruh_
_nlng speed ‘above 70% deZ; with.the‘fittet funners accumu;_
lating less_lactate at slmilar speeds‘and %mVO2f(Costill
Thomson aud éoberts,1973iz _Tn‘heart rate and mVO2 at - LT
~(Longeree and Ames, 1975) the dlffetences in heart rate and'
%mvo2 between LT and OBLA were largest for the Unflt group
“In a dlfferent study, absolute lactate levelslat IAT were:
found to be 51gn1ficantly:lqwer for the highly trained com-

- pat;;xﬁéﬁ\ the untrained (Stegmanri, Kihdermanhl and Schna-
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TAELE 5

Comparison of Anaerobit Thresholcs
Study Subjects Threshold . %mV02: Range
:Kinderménh, Elite VT 7la
Simon and . X-C . OBLA 8ia |
Keul,1978.(17) ., Skiers OBLA "85 i
' - o . ;
"+ Londeree - High Fit(b) - LT 74 '
" and .. Med LT 61
Ames Low 7" .. ¢ 48
1975 . High Fit OBLA g1 . .
(13) ' Med . o 79 . C
' Low 71 -
Pederson, . trained LT 18 42-81
1978.(17) C- o
Scheen et normal rT 18
al.,1981.(66) VT 37
: L .
-Schnabel et . phys-ed ' CIAT 75
al.,1982.(12) ‘. - :
Simon et al., nermal | LT - 52
1983.(5) P ‘ VT 63. o
: 1 , ' S .
Stegmann and - rowers IAT | 65 | 55-77!
Kindrmann : o OBLA 77 .. 50-88;
1982.(19) [ : ‘ - R
Tesch,Daniels ' normal "OBﬁA_' B 55-84;
-and Sharp, 1982 , . SR o
{10) ¥ ; :

'Symbblsu

= maximal work capacity, not . mvoz

b .fitnesSAQete;miped by mvO2 -
- é9 -
. /-/‘_\ -
. S ‘\\f
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bel,b 1981). Parkhouse et al. (1982) divided jubjeCts dnto'
groups of infrequent'activity, frequent,ac1tv1ty patte"n and'

athletes._ They found that runnlng veloc1ty at VT and mVOZJ

were dl‘ferent between gxouos but there was no d1f erehce~in

'hear rate at VT nor was onele a dl:ferenoe betheen tne

ftecuent act1v1ty gtouo and ‘the athletlc grouo 1o the11 VT

e}oressed “as mV02 E- oy

Ventilatory contrgl in the untrained is ‘dijfferent. fiom’
the trained (see Fig &). VE of endurahce.athletes'responds -

less to hypercapnia and hypoxia than non-athletes (Martin et
al. 1979).~ The - lower hyDOXlC d:ive in ehddfance.éthre{es

.may be aenetlc in nature.(Scoggln_et allyl??B).e"

.The resulte of theiincfemeﬁtal.teet can be\@odifledioy
'the'ﬁethodology-' fhe‘rate oﬁiiotleaée,of,worg;céozeﬁqnﬁfwa
'oantly effect;'the rate of lecoﬁmolation}rof tiood  lactate.
'Hughson ahd!Gteen.(1987) compared work Late 1n :éases.oi 2.z

‘W/min and 654 Vi/min and found that the Lelat*ve LT “de-

\

creased with the faster protocol-,whereas the VT wag simi-

lar. Davis et al. (1982) also.’ found a’ staple VT in worP in-

B {
creases of 20, 30, SO‘and IOO‘W/min.' They did Snge t that

- the rate of increase should be. slower if- the suoject 10 un-]

fit. _Incre351ng the pedallng speed from SO tc 90 rpm hao no
effect on workrate at VT but 51gn1f1cantly dec1ea¢ed the
.workrate at LT (Huqhes Turner and Brooks 1982) ' ﬁhere was

no slgnlflcant di fference 1n OBLA determlnatlon in 2 and 3
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comin. workloau duratlons on tne blcycle nor Were ‘there any-
. clfferences 1n 3 and 5 5 mlnute duratlons on the tzeadm 11

(hlnd mann,,Schramm and keul,_.BO)

Lhe only studles us;ng IAT to- determlne 50 minute

':'workloads protocols of 50 Watt 1ncreases every 2 or..3 min-

- utes haae peen used (Suegmann _Kindermann and Schnabel, 1981;
Stegmann and klnoermann _igeé);' NcLe1lan (1983) did f:nd

thau changlng tHe length (Df workstages_ln an incremental

v
e

téét:w1ll_a£fect-the Qete;mihation‘of IAT.

- -

In a retestjchmVQZ;using 5 subjects in three different

laBbratories; afcorteLa£i0n~of r=0.95 (mV02 range 46-76 ml

.02 /kg./min) ﬁas-beéh:fepofted (Théden, MacDougall and Wil-

son,1982). Alcbrrélaéion cf r=0.95 (n=41) has also been

ffound 1n a te '1etesf relrapility for arm mvV0Z in active

e
4 \
5

" subjeCts;(mean.mVO2:-30.37‘+/¥'9.05'mlfkg/min) (Bar-0Or and

;Zwiyeﬁ,k,Fv) :féét-r'l“aolTlty of LT and IAT have not beern
: .. . "\ 2

freporiéd. There was less than 27 variance when OBLZ was re-
éeﬁted.twice (n=3) (Tesch, Shatp and Dgniels,lgal)\. A_cér-
relation of r= 6.91 (n=9) has been réported for retestlQeli—
ability of VT in sedentary‘subjecté, beoth before and after a

€ week training program (méan VT=49f4% mvo2 +,- 2.6% before

training) (Pavis et al., 1979).

In summary, anaerobic thresholds appear to be a more

1

~discriminating test *than mVOZ among endurance. athletes.

\.: 4' M - ° ]
Lactate thresholds zan be differentiated from ventilatory
3 ]



thresholds. ' Some studies have ‘indicated that LT occurs be-

fore VT in dincremental exercise. LT can also be made to oc--

cur earlier, in an incremental test, by increasing the rate

of incfeése of~work1without a change in VT. Also, LT, but
\

not VT, can be. delayed in ‘an incremental test by manlpula-

tion ¢f the glycolytlc rate {caffeine, carbohydrate—loading

rt
|

or depletion). =Theleﬂls no direct information on manipula

1ng IAT determlnatlon‘by changes in substrate aqallablllty

It is likely that IAL would change in the same manner as has

been found in the other threshol@s determined by lactate

eoncentrations. There.is.evidence fhaézcﬁanges in IAT deter-
. -

mination can be induced by menipulaﬁing f?e length of work=

stages. The Canadian Association of Sport Sciences have re-

centiy taken a position that VT should be discouraged as a’

thresheld test in athletes (Tho&en, MacDeuqall and .wil#

son, 19B82). At present, there is no published infermation cn’

the reliability of the various, ihvasive threshold TeBLS.

2.5 RESPONSES TO ANAEROBIC THRESHO!LD WORK

\\ . H -
The previous review of anaerobic +hrecholds has indi-

cated ﬁhat the various anaerdbic thresholds can be found at
, . ‘

s;qnificanfly different exercise intensities in the same in-

dividual. It would therefore be safe to assume, <that exer-

cising at different anaerobic thresholds can elicit 51ghifi—

cantly different responses. Table 6 reviews blood lactate

concentrations after controiled ‘intensities, with 1 &our cr

-

N



less in duration, in the laboratory. Table 6 not only shows -

that exercisé at different thresholds can elicit different

lactate responses in the same individual,” but alsc indicates

-

that & reponse to a2 workleoad in an increme?pal test is not

necessarily the same .response found at the ‘same werkload
during continuous work. - co “

At World Cup creoss country ski events, the average win-

ning speed decreases as race distances increase (Scheier,
1983). There is a similar decrease in maximal post-exercise
blood lactate concentration as the duration of the competi-

tion increases‘(Astrand et al., 1963;-Scheele et al., 1979).

This is true despite the maximal effort displayed by. the

i

ompetitors at the end of the competition, and is likely due

. to differences in average intensities and glycolytic rates.

]

Meazurements of klood lactate concentrat:ens during ex-
_ercise have shown that some subjects can maintain lactates
above 4 mM/1 for B50-to 7C minutes:{Keul et al.,1974; iinder-

‘mann, ' Simon and ¥Keul,1978; Pernow and Saltin,l13871), an

- Q.

above 2 mM/l for 120 minutes (Keul et al.,1974).

-

Genovely and Stamford (1982) found in 5 normal males

. >

that the mean lactate response to 60 minutes of OELL work

chfnged little from lactate levels found in the OBLA. incre-

mental test. However, 15 out of 19 rowers had a =zubstantial
N :

increase in lactate (9.6 mM) during an OBELA "Workload test

and could only maintain the OBLE workload for 14 minutes

i~

0
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TABLE 6 - . ,
Lactate and Continous Work at Anaerobic Threshpld |
. . S |
oo !
e —— e - - - - e J
: ; | i !
| ! ! fo
| : % | - F
Study Subjects’ AT mV02 | Dur! Lactate. = -{.
- (n) - % 1 (min) omM) _{.
oo ; : % . !
B ! ? . | 1
— - 2 J
i f . | | ‘ I
. ‘ ) 1 i . { I I - l
" Genovely & ' normal OBLA | 68 | 60 | 4.2 at end o
Stamford, | (%) E : P . i
1982. - E E i i !
- | | ! | ] . |
Hermansen | normal | ;-85 | 30 | peaks at 5 o
et al., I (4) b i ; i min with 3, |
1975, ! | \ i | continuous dec. |
) I i | ' after- 5 min,. ‘
| J E ; ! . ' N
Kindermann,; elite ,.OBLA, 85 ! 45 | 4-5 mM . E
Simon and | X-c i ] | : " |
Keul, skiers . \ | i
1978. (17) 3 3 | i
! i ! ; ! oo
Schnabel ‘Phys-Ed | IAT | 75 ! 50 ! 4.9 mM at 15min, |
et 'al., Co(12) i . stable betweén .|,
19820 ; : ! : . 4.3-4.7 for rest|
1 : i 5 i IR
Simon . normal | <LT ' 46 | 30 resting levels |
et al., i (5) i »LT - 57 30 ! plateaued at 2.2
. 1983. L i o L : -
! i <RCT;:. 74 | . increase by 6.1
? i ? | " 3 finished 30 min
: o f i . i
*RCT. 86 | 13 ! no one finished !
; Y ! . 30 min exercise |
: R | 3 i ! F
stedgmann | ..V rowers | . N ; , [
and” o ' (15) IAT ! #° 50 @ 3.75 mM !
Kindermann ( 3) i ;50 ' 4.80 i
1982 ( 17 - : ‘50 . B8.80 5
- (15) . OBLA; 13 .0 .9.6 . T
( 3) | mg_ 50 ¢ 4.5 :
(1) ,h' . 50 2.6 :
' C . ’ - oA |
‘;ﬁ[ﬁ 14 ! ) '.‘

5
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-jgéegmann and Kfndermaﬁp,'l982). By comparison, all 19 sus—:
jects coﬁld.fiﬁish the.SO minute test at TAT. (Stegmann ana{
Kindermann,lgag). In all 15 subjectsnwho ;duld cnly cdﬁf
plete 14 minutes at CBLAH the IAT was at a lower 1ntensity-
than OBLA-f-ihe 5né Subjécf whose [AT was greater than.OSLA

completed 50 minutes ‘of IAT work with a blood lactate level :

of B.8 mM/Ll, but when working at CEBLA, lactate levels de-
- w0

‘creased throughout the test. Both of the workloads found at
OBLA.ahd IAT are significantly higher thén_those at VT and
LT.

I£? abpears that athletes' average speed and maximal

.

Tactate response decreases as duration of the competition
increases. The ability t¢ maintain steady state work at the-

various anaerobic thresholds is dependent on the work in-

tensity of the specific t};ﬂ:shold. This suggests that when
usinq anaerbbic threshold for determining maximal cteady
state workloads, the,AT shcould be specific for the desired

duration of exercise.

N

- Blood'substrates and hormones were studied over a SO

. . & . . . . i - . ' ‘
minute period atiIAT By Schnabel et zl.(1982). Mean arteri-
al glucose did- not change during exercise. FFA 1ncreased
hroughbut thé" test,” Whereas FJly&erol showed & very, large- * < -

. y - . Vo ‘
lucrease at 25 minutes compared t¢ rest with a smaller sig-
nificant increase after 50 minutes.  Both epihephrine and

. . -. .l . ) —._\_.' . .
norepinephrine increased throughout the test. Insulin de-



]

creased 1n. the flrst 25 - mlnutes w1th no further*change

hGrowth hormone 1ncreased subs tantlally in the flrst 25 min-

-utes with no further 1ncreases : ’ ,

Anaerobic threshcld is easily traihed and' in fact,

’

correlates well Wlth endurance tralnlng volume (Sjodln and

Jacobs, 1981) The most e£f1C1ent method of tralnlng thresh-

’olds is unclear. .Tralnlng 3 trmes_a weelk, atleu-esg mvaz-

for 60--ﬁinutes’ increased. VT,';LT and OBLA, expressed as.

'%mVOZ about-equallyf(Denis et al 1982). Other studles

show an 1mpzovement of VT wlth tralnlng at 80 mVOr (Ready_

3

and Qulnney 1982) and at .an 1nten51ty half way berween VT
o

regard to, the effects OF traln ng at thleshold 1nter51cy and

the 1nterplay between dlfferent forms of cralnlng. When

athletes added, to themr regular training, one 20 minute run
at OBLF per ‘week for 14 week‘ the result was an increased
veloc1t} at OBLA as well ac‘*ncreased H- ‘LDH actlvzcy and de—

creased PFK/CS act1v1ty- (S]Odln - Jacebs and’ S\edennag,

1982). There. are few  Studies that compaze -the effects of

different training programs. Interval tralnlng ‘at 95% of

i

mV02 for five minute ‘durations resulted in no change in lac-

“tate, accumulation in incremental work' whereas 30 mlnutes at .

AT (most llkely OELA, but not specwfled) resuited in a sig-

nificant improvement in AT (Hollman et al.;1981).

&

‘and mvQ2 (Davies et_al:,1979)._ Rnowledge is lacklng with .

»

<




_duraulons éﬂ»~5 60 minutes than are VT and LT. -In‘a Fgmparf'

In summary, OBLA and IAT are more . closely associated

with maxlmal exXxercise intensities that can be’ maintained for

ision of OBL4 and IAT cests, IAT appears to be more success-

ful_in-selecting'a workload tha;'can be aintained—f 50
‘ L ' X : i ' )
minutes. People differ in their bTOOd lacuate concentra-

4.

tions vhen exercising at’ high ntensities for one heour

(Stegmann and Kindérmann;19826" Hindermann; Simen ' and
Keul,1978). _IAT_may‘be a MOré sénsitive indicator of indi-
'Vldual bleod - aﬁtate cnaractorlstlcs ae_the'thrééhOWH is5 not

, , _ .
cetErmlned by an arbitary concentration of blecod lactate.

2.6 - SUMMARY .

. : ..J : . . ’
Anaerobic threshold appears to be more closely related

to endurance pevr foxnaﬁce than - {Coctill et

al.,1971b; ¥Humagi et al. 6 1982).

A -

that the mVOZ of~ el;te‘ﬁrnduxa*

Srom yeaz to vear yet 1mproqem still cc-

nte 1h performan

cur. §Some of I \mprovements may be ., due
coupling of tt and mitqchondrial erhyme systems,

greater use of <fats and thus glycogen sparing,. improved

"elimination of lactate, -greater aerobiam enzyme activity:and

\

greater mechanical efficiency. ftd:an be hypothesyre ed that

l'

.~the AT is a better indicator of fhese chapges than 15 mJ/0z2.

. . - )
v .

iy <houghv:

ce athletes changes l:t4le



Skinner and McLellan (1980) suggest a three phase/model

'"descrlbzng the response to a stepwlse 1ncremental work test ‘

Table 7). A ‘review of predomlnant types of metabo1lsm

substrate nse, muscle fiber. type, Wnten51ty, and—bLood lac-i

tate concentration is found in Table 7.

. . - ) o N ) ..
.Only recently have these thresholds been_subjected to
, constant load,.long-duration'applications.rlt_has genefally
been found that long duration work at LT or VI will result

in an initial increase in lactate but that these levels

ﬂ .
wlll return to near normal restinyg le“els thereafter ‘1f the

lactate ‘levels do remain elevated, they are generally sig-

‘nificantly below the lactate concentrations that can be
maintained for a one hour duration or longer. OELA ' i's =%

- popular use because its detection is not ag subjective as

that of LT or VT, and because I mmoles/l is a concent*aalon

more clcsely xelatea to those Iound in intense endurance ex-

~ercise of one hour duration. -CELA has- however, been'cfié'

tized f01 being an arbitary thaeshold anq not accounting for

f
\

individual vatltues,

. The rate of-iactate'production cannot  be predicted by

L]

blood lactate alone (Donovan and Brooks ,1983). Blood rlac-
. s

tate 1is a reflectlon ot 51mu;taneous lactate efilux and up-‘

. -
take The capacity to maintain work ‘at elevated lactate

"y

levels is likely related to this sinultaneous efflux and

elimination of lactate. The IAT protocol is an attempt-to



. s : TABLE 7.
| Hypothetical Model of Progressive Exercise
L ! ' ¢
. Phase 1 I Phase 2 - ¥  Phase 3.
. | . !

Threshold =~  Rest : LT

‘Predominant . hAerobic i
Type of : T
uetabolism
Predominant
Substrate

f!]
]
¢t
Q-
Q

Fredominant’ " .8T
Fiber type '

Relative L .30-60

‘mM;

mn
.
(o]
SO
Q.
[
. -
9]
ct
m -
rt

m

i

g%

Adapted from Skinner and

' NOTE: Grouping of anaerobic

have been simplified,
similar. ‘

nTensity : BT+ 11 1 O S

IAT mvo2
BLA | -
THDA

“RCT"

Anaerobic

ZTHO T AT

3T, F0C 8T, FOG.FG

2|
S ag
o

1. 4mMsl

McLellan, 1989 .

.

thrésholds are general and
They are not netessaridy

e



aetefmine fhe exéc£ ‘'workload in- incremental e#ercisé at’
which the predicted maximal rate of lactate elimination'is
equal to the rate of ‘efflux.. One initial study'ﬁasiihdicéf;
ed that IAT is supériof to OEBLA in'predictiﬁg the highégt
worklcad that can be méintg;ned,for:SO.minﬁtes (Stegmann and

. “ -
Kindermann, 1982} .



3.1°  INTRODUCTION . _
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’ - - _ﬂ' ) ) . -y
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_ ME?ﬁbDOLOGY'f~ﬁ;"Hl  R e

This chapter will outline the exercise protocols, blood

and gas analysis procedures, critéria for determination of.
threeticlds and the statistical design used in this study.

e . '

3.2 'SUBJECTS o

Thirteen compgtitive cross- country =shiers (nordic,-.
L : ; ; L . : _
biathalon and ski orienteering} wvolunteered as subjects.

-

These skiers .were chartacterized by a minimum competitive

histery of 2. years at national &hamp;bnships. They alsco
train vyear round and at the time of the study were training

more thanr 8 hours a week. The testing occurred approx:imately

either ridway or at the end of their competitive season.

. ~ !

- . ——

3.3 . ORIENTATION*BESSION . -

-

. An.initial meeting was held to orient all st

-

3=

wards the purpose of the study and to familiar:ize them with

the . exercise procedures.*” all sublects were encouraged "to
ask ‘any guestions that they may have on the study. - A1D sub- .



.. restrictions were, gi

, haa shown that length of the power outpu greatly

h - N

jects signed an informedzconsent form' (Appendix B). Infor-

'7 mation sheets (Appendix C) pertainipg_td,éxercise“ehd'diet.

ven, out. at this tame."

3.4  PROCEDURE

Following informed consent and  familiarization with

testlng procedures at the 1n1t1a1 meetinq, all 13 subjecrts

‘performed 2 1ncremental treadmlll tests until fatlgue and 9'

of. these subjects performed an addltlonal 50 mlnute workload

at IAT (IAT rND) on the . treadmlll w*thln a 1l0. day perlod

AThe 1ncremental treadmlll tests were on days = (INC l) and 3

(INC-2). 1he IAT end test was donel\in - a Derlod three to Slx_

daj$ after ehe INC- 2 teat (Table 8).

The Stegmann -and hlnde{si:; (1982) exercise loading procel

dure “was used in the incre ental tests  As McLeilan (1983)

%‘fe"*s

IAT determination, 3 minute workloads were chosen ‘Lo emul Eue

e(1982); McLellan (1983) has also .shown thét the length of

theipowef,output (1, 3. and 5'min) hae no significant effect

on LT or OBLA determinaﬁion “so the 3 mlnute w0rkload would

be shltable for measuring LT, OBLA and 1A 'in the same test.

A

-+

TThe subjeizﬁ used a ski walklng p% tocol on. ehe tread-

mlll Ski walkzng 1s a drylend trﬁlnlng technlaue for cross

_country shlzng famlllar angl used prevxously,by these'snb—

I_.

the length of workloads used by Stegmann ‘and Kindermann
T . ‘ . : N el s
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A& TABLE 8- "
1 r
- ' Schedule of Exe*czse Tests .
> '
¥ - .
E- . R X 13 . . . ’ :- .
i Day | Name of Test ‘Exercise .Exercise
i o . "~ . .Intensity . Duration.
L . : X . i . S
; - . . ™ ‘:
L S
; o o A o e
L ' L . . . ; 5 T N e
1 7o INC-~1 ‘ '1nﬁrease 1n ‘until;,
RO ; -slope e¢e Y 3. 3 exhaustion-
i i~ : lenUtes‘ P Tl
: 3.7 INC-2" .lnbrease in- untgl
P .VElooe every 3 EYhauFtloL
: ' nlnu,es_ A e R I
' - Ly - i-f“c "
6-10 IAT=-END , ét‘IAT ag ?unt;l

hau ;ion :

50 man;vc o
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(R

swihging!

. -

=N
t

Vk,u

o

a . . _. - . N . '
rand b:ood-samples were i
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nd during the

fatigue.
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cise, subjects rémained sitting near the, treadmill'and'blood;{'

» A [N
v

i samples'Were taken-at 1, 2,73;_4»75 aﬁd'lO‘mihutes post efé

L]

.
r-q

ercise. , Heart rate was detetmlned from a Sport Tester heart

-rate moniter during the last seconds of each work load "+ The?

\-
.

lNC-Z protocol was ldentlcal to INC l and was conducted Two

- ~ !

days later at the same time ‘of” day 'j:',ﬂ- 2

. . . s -
- B - . '

The IPT end test 1nvolved ski walh:ng untll volltional
fatlgue ‘or a max1mum of" SO mlnutes ‘at the meao‘InT work load
determined from INC-l and INC—Z \Mo mlnlmlze the potentlal*

early cessation of exercise due to the rapld lncrease of ex-

erclse load from restlng to IAT .all sub]ects 1n1tated”the1r }.ﬁ

4
[

tests at a workload of 4.5 mph end © percent slope -Withrﬁ
the first 5 minutes, thelslope.o_ the rreadmlll was ciowly

and manually increased to the subjectfs 1nd1v1dual tarqet

slope. The workload then T"emalraeg":l oonstant for the duratlonf

,‘of the test Water was given ad llbItum Subject¢ were mo-

" .
-

blVated to comp‘ete the test- wlth ueroal-nncouragement, pace

. . P .
.

: clocks‘and any other manner asVreQuested by the subjcgt

. o v
- »

Blood and gas samples were taRen at 5 10, 25 and 50 mlnutes .

“ ' o
of exerc1se and 1 *.,and 3 m;nUtes oost ‘exercise: ‘Heart-
( . ‘ . -
Ty L . . .
rate. was’ monrtored'tﬁrouéhbut the“test.._' : j : .

F Al " .
. .
\
. . . )
™ o e - - oy .
Do e ,
- cnor T .
. B4 - ¢ f " A
. o '
- ' ! . '
h
. i et o .
e . [ - - * . T
"< . . - . > "
: - o - '
e - e .
. B ‘ |
.- . - = Lo . ' ' '
L o . A he - -
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o .
- L hd
¢ - B85 - e '



N

v

Sa, : I T 2 )
L . . v
P - . - ' . .
A .

+3.5  GAS ANALYSIS ., T Tt - C

_tests. ' s Y , g P ) -
-. _. . .. i 0'\... ] ‘_. . ’ ., -

s - ,. . ' ~ . . ’ ' . ]

3.6 ' LACTATE ASSAY : L , ,, )

[}

o : h"'l: " - ‘ I3
o 5\ -
Open- c1;cu1t gas analysis was uaed 1nrdeterm1n1ng oxy—
L Ty g
gen consumptaon Gas was drawn for determlnatgon!of cxygen

.~

"and carbon dloxlde w1th a Godart Capnograph and Oxygen Ana—

lyser. The mV02 was" determlned as the highest oxygen cqn-'
i ’ - R i

sumption reached zdurlng thek individual inerementdl work"-

L

Twenty to s;xty ul of fingertip-blood was taken at each

-~

sampllngv Tabnefrul of whole blggd was 1mmed1ately heamo-‘

. v
. K] F ’

.lysed” and analyzed for blooq lactate‘concentratyon Wlth .a
Kontron Medical Lacpate ﬁnalYZer $40. ’
3.6.1° Principle of Lactate Assay R
. The‘égantitatiﬁe analysis ©of eIecprid enrrent'pradﬁqed-
in.the‘onidaﬁipn of:lacﬁate-ta.ﬁyruvaﬁe'ﬂé'xhe'pberating"ﬁaw,
" sis of the:kontfon_MedidaI-Lactate'Anaiyzépu Tbejreaétiéns’
‘involved are: | 5’; . . - i . SR B
‘a) eénzymatic oxidation-of lactate With cytochrome b2 .
4 ~ . T v . : . . . .
. ot ;' . . N : . - B . Fi . [l
L . . ' S .
COO

'\oe\m bl GO_O" . 1 o
H-0 -c~n N Z[Fc.(cu)'] — c-o *2\\* 4 2 [Fc,(c.u)g] -

I

C‘\a : ‘-_ , ,'C'“3
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.-b) electrpchemical?ox;datipnﬂof,the henacyandferrate ITI

| _ “.; - - . * . - & s " o -. -3--' :\‘ v R ’
” [‘ . ]“L-'_. i} X ] 3 -
: - ‘ ;
\ i "_ B'Y ) i !‘.. *
A current propo <ional te the‘lactate concentratidn’ is
produced {Racine et"al.,_1975)._ - . S
- 3.6.2 Procedure of Lactate Assay = . o - : .
- . . . ' ~ . . T .

re M \

Hémoiyzing test td%es (Kontron Part. Q%O 0367) contaan-
‘ing 180 U] af &fluting solution (Kodtron Part 940-0235).were

prrepared before the test session. Containers were covered-at .

all times; Within 30 seconds of drawing blood-ffom the: fin- °
gentin fia‘heparinized capillary tubes, a 20 ul wolume' of:

’ blood was taPen -from the ﬁaoillrri tube ana'mixed Ento'the'

' v ¢

diluting solution ) One 100 ul velume of dlluted blood sam—,

ple was 1n3ected into the analyzer. In a prellminary anES-

' 1 . - ’

tlgatlon the mean percent error betwéen two 1dent1cally pre-

’

pared tubes'(n 204) was - 5 55 f/- 6 23% (Anpendlx D) It was -

' - Ty N

also fbund that thlS error was parblally concentratlon de=

. ' -

pendent Most lactates were analyzed 30 - 180~seconds aftet

-

sampllngt The maxlmum delay in, lactate analy51s was b mln-.x

. e . . . , . .
utes. . . © . : " : o '
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- T SO CRITERIA FOR DETERMINATION OF THRESHOLDS T

,y e

cOmputer generated plots of lactate concentratlon Vs

uAtlme were smoothed by flttlng.a cublc splmne that mlnlmlzes“'”

a llnear comblnatlon of the sum of scnares of the resbduals- .
-7 '_? .

of f1t and the 1ntegral of - the square of the second der1va-’

C tive (SAS/Graph Users Guide., 1981) Thls 'SOPhlstlca?¢§ﬂ
methgd-oﬁ smoothlng dataf'elim;nated. 1nyestigator' blas' in:

‘smoothing‘datan;rgl T ‘ o ‘; “‘--"J‘ v e
. ' . 2 v R IR .. ’ “ . k . - ‘. ) N ! L. <
Data were.analyzedffpr the follow;ngé

- YL e

IAT-- (Stegmann klndermann and Schnabel 1981).1Appendin . “'3f1;'

.A) A tangent was’ drawn manually to the ekercase lactate . 2_“

-~

curve from a. po;nt on- the recovery Laceate curve- that ;s

‘e + .
- a

ﬁeqlvalent to the lactate contentration at’ the end of. exer-‘

- -

'clse IAT was deflned as the workload (O 1. percent 1ncre-

i T . -

':ments) closest to the tanoent on the exerclse lactate curve

\ * Lt - : -

.- o1 B \ - [ . B (-
- s ' . - . - . ' £

£ L] A

‘s,,Qggé:; (S]odln .and Jacobs; - 1981) computer Qenerated

¢

- l1ne was lnterpolated from 4 mM to the blood 1actate vs. tlme

. e
.

curve. A manually drawn perpendlcular 11ne was made from
ﬁthls 1ntersectlon to the tlme (worhoad) axas The.workroad Low

Lo -t -

_was calculated to the 0. 1 percent 1ncrement ‘ff\ S Lo
' Coo e R P T S )
.. " ISL: [Keul, 1985) A point on the lactate curve'that was

1 v

'tangent to -a llne representlng 1 mmole/l lactate concentra-'

PRV -
- ‘--' a

tlon 1ncrease in: 3 min. The workload was calculated to the 1-.

‘0.1 percent 1n9erEnt: ';,__ - . J'ﬂ'_’f ,1." B

e
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A"‘Lgs” (Ivy et al.,) The worklbad Just Before the first
non—llnear rncrease in lactate frOm the lactate concentra-

"tion’ vs t;me curve. 1f thls measure was in doubt a secon-

- ‘ D

}dary measure from lattate concentratron vs V02 was used to .

T - . o " R B S, . C e B
confirm the primary measure. . . : .
:’. ° e A

~ ¥l . .‘ . ‘ - “a .
than either PAT~and OBLA and to determlne the ET workload

1n O 1 percent 1ncrements,_the followlng technlque ‘was used

The workload (p01nt A) 1mmed1ately prlor to the non- llnear

1ncrease 1n lactate was determlned v1sually from the laqtate

... *

: concentratlon vs tlme curve' Two computerwgenerated llnearo'

B

regre551on llnes were drawn to flt thls curve "the first

.

llne was a estlmate of best flt to the curve' contalnlng

.

‘those points prlor to and lnCLUdlng p01nt a whEreas the

- f

T

[

seconé 11ne was the estlmate of. best fit to the cUrve .can-

.talnang those exerc1se lactates after and 1nclud1ng p01nt3-

L. -
1

AL :rom the point of 1ﬁtersectlon alperpendlcular l;ne-was

v

drawn to Qhe tlme (workload) axls

r r

s

At present “there are no satlsfactory statlstlcal meth- .

ods to measure LT or IAT Reld {1981) used‘dlfferences in

group means to detect thresholds but, thls method cannot be -

’. L

used to descrlbe 1nd1v1dual thresholds Orr et al (1982)

have dev1sed a computer program for statlst1cally detectlng

3 i .
VT but 1ts use could be llmlted in detectlng LT as a mini-

mum of 30 samples 'is reCOmmended fer satlsfactony results

L)
. 4

- As the determinationw_of LT’ was. mubh,-more'wsubjective“

.
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TR e T
Visua; detection is_ih'cdmmqnvuse»and<wrll be used in the

pfgsénf‘sﬁudy;f

3,8  STATISTICAL DESIGN

o

The data wefe'treated,Withthe'fbllowiﬁg

methods:

1. ’Deséripfivé-anaiysis including mean and staﬁdard.dér

viation - e o —_— S

2. Pearson correlation coefficients to measure the reli-
abiliity of 'tésfiretest_.determinatiqns of LT, IAT,

OBLA and mvo2 _

3. Z-tes?-ﬁor Fischer Z-transformed'corfélation coeffi-
_cents to compare correlations | -

a. General 'Linear Model .(GLM) ﬁ%ocedures‘with post-hoc

o Tuﬁey§.£ést analysis Eodﬁoﬁpa;é méan-wéfkipads, Vo2,
heart rate andflagtaﬁe'éoﬁcgﬁfra£iog at LT, IAT,'OBL&

and mVO02.

statisti;ér



4 J&TBODUCTWON.H~' r;. -?-'~ L .

The Durpose of thls study was threefold i) to deter-

*:mlne the retest rellabzllty of IAT 2) to-compare the IAT

rellab111ty to’ the_retest rellabllltles of other’ commonly

usec anaeroblc threshdlds LDUnd,in the literature and.in-the

.

_'_present study, and 3) to examine the validity of IAT to pre-

~
‘ . 1

—dict mawimum“steady state workloads that can be maintained

" "in‘a. SO minute treadmill test.

]

Th;rteenglt;EEned 1aﬁﬁletes-‘éompleted two. 1ncremental

treadmiil'ski welking tests IINC:I and’ IMNC-2) tb exhaus<tion.

.Qxygen‘cqhsgmptidn and heart rate were determined during the

" .two. tests. Fingertip lattatés,were'measured pre-, post-. and

during the incremental tests. The lactates were used to de-

termine lactate threéthd'LLT),-ihdividual anaerobic thresh-

‘0ld (IAT), threshold 'by slope:methOd.XTSL), and onset of

blood lactate ‘accumulatlon (dBLA)Z‘ These three thresholds

. -

T -were tested (INC 1 vs INC- 2) for s;gnlflcant mean d1fferenc~h

- '.. .

es and retest rellablllty 1n tetme of treadmlll slope (work-

'load), oxygen -consumptlpn (L/mln and ml/kg/mln), 1actéte

eonpentration and heart rate.



*

- . .
- . te

Nlne of the thlrteen subjects attempted a 50- mlnute en-'

,_.durance test (IRTAEND) at a’ treadmlll slope prevzously dej
_termlned as the mean IAT WOrkload from ‘the -two 1ncremental

"tests As before oxygen consumptlon ang heart ‘rate- ‘were

ER WA ) .
monltored durlng the test Lactates_ were measured pre-

post—- and durlnq the endhrance test The varaous threshold.f'

protocols were also compared w1th ana correlated ulth each.

PHYSICAL. CH.A'RACT_ERIS'TIC‘S‘ of susJEc'Ts .

-
-t

« The- subjects of thlS study were competltlve Cross - coun-

Y

. try sklers (nordlc, blathalon and Skl orlenteerlng; wa

subjects were tested durlng the comoe 1t1ve season whlle the

1

other eleven subjects were tested at the end of. the competl-

.

[

tive season. Mean values of the phy51cal characterlstlcs are“,.

fould in Table 9. N ". PR

- I . ’
~ ' t- N P .
- - . .
- . P -

The mvoz's of the male sub]ects were 51mzlar to colleqe

v o

lavel sklers (Sprynarova el al 1980 hlndermann et -al,’ o

1979) but lower those mvoz’s reported fon ellte sklers (Rus—"f".

v

ko et al, 1978)

e C 5 . . | Ty

e
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T L TABLE 9
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Phy51cal Characterlstlcs S Subjects __' '{ .

- - -

',:Ff-l":f“_" ..-fk . '.".T' s L
. "N . Weight Hé&ght'ﬁ{'mvbzﬂ'ﬂ'//EGSE/J Age .

fIRG)"-"(Fm)Tf'flIZﬁih) (mi/kg/~ Ayr)y
BT A ] ‘min) . ‘

o . 1

a1 - é8.4 174,88 .. 4:60". - ee.9  21la
S0 (7.59) -,;14 67) -1(0 77)° 0 (5-42)  (5.03)

-2 Vseea -t 163s U T TP T

(8.27) . La.sqg_‘_(orglyls_'(1x20)‘ (2.12)

135 e6.9 .. 173.1. ¢ 4.4l, . B5.5% 214
(8.24) | (58697 '(0.85) . .(5.97) (4.63)

4 . T . i o : - N
. Mean (Standard Deviation) Scores
- .l ' U

4.3 -+ INVESTIGATOR'S COMMENTS . " e

i

in 5 of ‘the 26 INC;trials,- IAT could ot be determiﬁed

as recovery lactates were never hlgher than' thelr last stage

1actate concentratlon In one subject thls occurred in both

P H

incremental tests Thus when dlscuselng retest rellablllty

of the .IAT, ,only those subJects (n 9) who dlsplayed an IAT

'f

v in both INC-l;apd INC-Z_could be included in ‘the sStatistical

analysis.

Hewever 'in the diecussion;of the correlation be-=

- 93 -
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tween thresholds and the subsequent determlnatlon of the END

-rworkload from the INC-tests, all subject's who displayed at~-f
- g ™
1ea=:t ~one IAT in the two tests (n-12), ‘{'}-e 1ncluded
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«Figure. 7 1i an example of IAT determlnatlon (subject

o . ‘_

:'6')-:_ quure 8 dlsplays the lactate— response of Subject 12.

- In both_ INC-—] : and._INC—.?,at_ests, ‘there. was no post-exercise

-

increase in lactate.. ' -
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__ FIGURE 8: EXAMPLE OF LACK
" OF IAT KESPONSE (SUBJ 11)

w o -
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»
. . O - feT i R -b) -

M - TIRT ¢ L 4
m—cm.-m&m

4.4 RETEST RELIABILITY OF THRESHOLDS:AND MAX SCORES

The correlatlon of workloads ,(slop'e.:s‘) 1n INC-1 .e'nd
ING-2 at LT, IAT, OBIA 'and TSL were all siénif.ic‘ax‘lt (
r=0.64, 0.92, 0. 89 0.94" respect:wely) when determined by'
‘the 1nterpolatzon method (Table 10 and E‘lgure 9). Only the
workloads determlned by  IAT ‘and TSL were 51gn1f1cantly dlf-‘

--ferent from INC-l to INC-2 (t- 2. 50 "3.66, p<_.0_5).
- * &.\
. The mean scores‘ 'standard deviatiéns t-statlstlc and

Q

re’cest correlatlon for thresholds expressed as workload and

,.'.determlned by the stage-beforei method are .-report_:ed in Table

- 95 -



LY

Variable n

LT-Inc
LT-Inc

IAT-Inc
IAT-Inc

TSL-Inc
TSL-eng

OBLA-Inc
OBLA-Inc

1%
2%

1*
Z2*

1%
2%
1%
2%

13

13.

9

9 .

13
13

13
13

Mean

10.
10.

T4

15.

14,
15,
15,
16.

S

TABLE 10 .

S

WL

tand
Dev-

.89
.62

.10
.07

.44
.00

.37
.28

T

3.66

i

Sig

‘NS .

NS

?

!

R

0.63
0.92
'0.94

0.89

* Threéﬁold; Determined by

11.

v

InferpoiationfMethod

tocols between interpolation and’

Sig,

Retest Reliability of Thresholds.Expressed as Worklocad-1

The corrélation coefficients fc[- various threshold: pro-

tage-before method was

only significantly Qifferent for LT. As this_stage—béfére

method increased the retest correlation of LT, but not that

of .the other thresholds, the values from both methods of LT

determination will be stated.

The retest.correlations of VO2 in ml/kg/min were sigj

nificant for. IAT, OBLA, TSL and max (r=0.78, 0.87, 0.81,

@.84),- but not for LT (r=0.59)!Table 12 and Figure 10).

There wére no significant differences in group mean V

v
02's

for any of the thresholds. The retest correlations of V02 in"

~

-

L/min were higher than those'f

L]

- .96 -

. .' ':‘\"'"". .

Fl

am

und with ml/kg/min. The cor-"
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- relations were significant at LT, IAT, OBLA, TSL andrmax

(r=0.82, ‘ofgqﬁ 0.95, 0.94, 0.95) (Flgure 10). ‘Using the

_stage before method of determining LT: greatly reduced the -

‘retest rellablllty of Va2 in ml/kg (r—o 32) Rete t reli-

, ablllty of LT becomes 51gn1f1cant when VO2 is expres in

‘L/min. (r—O 73)

The oxygen consumptlon at threshold can also be expressed

as a percentage of MVG2. In this study, this relative method

- of expre581ng oxygen consumptlon resulted in non-slgnlflcant

[SE

retest correlatlons for LT, IAT and TSL_(0.54, 0.59, 0.38
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.« TABLE 11 ' . . ;:“,‘".“,.(.; . ';:?1.'.\ . | _-' :. Cl '.J‘T‘.'-‘-“ ‘ ,\ .: -
Retest Reliability -of @hpésholds Expfeséed as W6rkload%25" T T
Variable n_- Mean Stand T Sig R Sig.
Dev . coonLT
LT-Inc 1** 13 9.2 2.77  0.32 °NS 0.80 S :
LT-Inc 2*%% .13 9.4 2.63. - | R S

IAT-Inc 1%%* 3 13.

3.18  3.16 S .0.95 .S
IAT-Inc 2+% 9. 3 o :

X

=
159
.
-

TSL-Inc 1** 13 14.0 2.44 3.6 S ' 0.94 5
TSL-Inc 2*% 13 15.1 3.00 _ T
) . ) . .
OBLA-Inc 1** 13 -~ 14.0 3.36 1.00 NS  0.8% s
OBLA-Inc 2**% 13  14.5 3.57- , ; o

** Thresholds Determined as Stade Before Interpolation
£2 3 Y =

rvespectively) (Tabile 13 and Figure 12)._.ThEnretéStjcorpelé: {1
tion for OBLE was significant at the 0.05.1ével:(r=0.7%).

" The stage-before method-of determining the LT also resuited .

]

in a non~significant retest correlation (r=0.24). There were -. .
no significant mean differences in'any oﬁ‘the thresholds’

from Inc-1 to Inc-2. ' o pom

. Heart rate du;ing INC-1 and INéi;\:bas §ignifi¢ahtly_m ”
correlated at LT (r=0.60), TSL (r=0.86), IAT (r=0.89), OBLA

(r=0.91) and at max (r=0'84) (Table 14 and Figure K 13). The

¢

,stagerefore.methgd of determining_tT'iéeulted_iﬁ‘a‘noh;éig{ﬂ_ﬁ'

w

nificant retest;correlation (r=0-55)" . There was .a signifi- o
cant mean diffdrence in- heart rate at IAT from INC-1 ‘and -

M : oA

e

- 98 .
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b INC-2 (t=2.88,p<0.05). There were no other thresholds that.

displayed a‘significaﬁt mean difference in heayt rate-

- .,

- - ~

’

‘ . ¢ ' ' Lo
The” retest correlations of lactate concentration at LT,

-

e IAT TSL -Epe last stage at vpluntary-exhaustaon (MAXEX) and

- » ’

peak lactate (EEAR) ‘were measured (Table 15 and Flgure 14).

-

.Lf concentraglon did not peak after the'exerglse,

@
MAXEX‘and

"~ PEAK values were the same. All correlétioﬁsbﬁere;Signifiéant
>~ 3 Yy

E

(LT=0:87.. IAT= 0. 89 TSL=0.63, MAxEk=Q.so and PEAK=0. 86)

-
T

"
f i

.- tate tbncemﬁrqxqus in any of these protecols from first to

L. . B v - "
o " second trial. R

-

(Fldu%e‘%4) There wexe no statlstlcally different mean lac- o




FIG 11: REPRODUCIBILITY OF VOZ2

- Q.AA

T --J’ileP}QG,Krrli") AT W‘YYIJY‘:Q‘f“i‘)\ .

Y

- _

S Tl
1_r|l" . :" . . : ‘;_‘.

/

¢

L ETNOERNIAZCH~NIIGAZO . ZMO<NO,

2-‘. ‘-'z‘
= 1.

Oz

LR

< dXYGEN CONSUMPTIONYHL/Kb/HINy'Iﬁ INC-2

THRESHOLD CODES

LT=TRIANGLE [AT=PLUS
JALA=STAR TSL~= DIAHOND

e ST =101 -




. - - -
T =t t : P8 ' .
. Fe . - ! . v
- . ' L)
: . a .
- . . . . *
- ' . A - - - ‘e N ' " : - .
R R S T . : . A . ':3_ . . .
S ey TABLEC13 - R
) = o - : - . v Lo

= Rétest,heiiability.quTh%eshp;dé Expreéped.as A Myéz

(VARIABLE N MEAN STAND ' T, - ,SIG ‘R :slcG
- Peéceﬁtage“wg ﬁvoé'. ; CoT e T§" _

* . LT-Inc7l¥ 13 7421 9.19. 0.48. NS ' 0.54"
LTInc 2* .13 73.0 7.42° - ., = . ..

# ¢ -IAT-Inc 1 9 '89.2 . 8.07. 0.78 _ NS 0.59, .
‘. fAT-Inc 2 ' 9 89.6 . 6.3& - ST T

| "TSL-Inc 1 13° 86:2  7.30 -=1.27 . :N§ . 0.38
-, " .TSL-inc 2 13 88.7 4.83 i L

'13. 90.7- - 8.98 -0.48 . NS - 0.79 .S
91.4 6.61 .0 - .,

./ OBLA-Inc 1
o OBLA-Inc

% ]
s
(8]

.LT-Imc 1** 13 .69.6 . 7. 34' -0.100 NS .0.24 NS .

| LT-Ing 2% 13° '69.9 - 6. 24 ..,2..- .

Tk LT detnrmlned by 1nterpolatlon . -
o Lt determlned by s»age prlor to lactate 1ncrease

.

+ - -
‘4 !
. ]
- -
O .
- -,
- ' . »
A -
h - -
— :
1 - *
r
- K
. -
-
. , T ¢ . -
-
- - R - -
‘.
- - -
. . v, [
[
W
» . — ~
- . ~
-
+ * -
.
- R .
- - - ' -
-
-
' ’ -
¢
] -
' -
. - - N - .
s L
o / - “
~ ~
- - - .
- 1
. -~ -
7 ~ I3 4 - N
- '
- L
v ~ . 4
t - -
= - . . - 1 ?
“ ~ »
—~
- + ‘ *
i -
+ - . - .
. EE -+ - ~ .
1 - .
- t - -
’ - ‘ .
-
> - 1 2 -
0 . .
' ] -
- 1 Lt .
- hd - o
- - » » .Y - ™~ ‘
‘v . ‘
- 1] .
.
. .
1

.

Y



-. ":"' . - ."-:' ; - ’. T T “' . - ) e : : v i ..' ) i .

,_.. '.. » ‘. ". :' . , - BN “ . N N _ . N . . . . [ K * . .-

SR T LT AN L

. Lo T e T ' -

Lo . . .‘ P . ¥’ - L . . -
D - . ! - 7 . . . .

. . J-. , . . ) . . . ..‘. . \. R ; ‘ . ) N

-, 7o i+ .FIG'Y2: REPRODUCIBILITY OF PERCENTAGE .. " . . .

LT o et MIVOR AT THRESHOLDs. - o T o T _

.o -1 Reosatr T
: " | R=03p AT L.
R=D.79 0BLA -
LREO3B TR, | . ;

v .

T ma=—zmoam

s U
’ .
o [}

. H

. ! 1:
B |

-1 O X—

[ - - . -
' .o . . T
A z - 70 i Coe0t Lt 0 o - : 100 :
- P - e . . R I . ., =
I S . .~ .PERCENTAGE HAXIMUM v02 IN INC-% o ' FN ‘ . P
= N A - v -
1 - . - : . . L N . . . P . . _‘_,' . N - [ . -
- - - v ~ - . Wt . . . - x .
- . L : R [ N 57 . . . !
! w7 st THRESHOLD CODES .7 ¢ /. 7 ore ooy |
e . o R 2 LT*TRIANOLE m-nusoig:. =ETAR * ; | P PN . .
' . L T L - TSL,PDLUMIJ MYC2- aseu ; e Lo -
T IR C ‘ N ~ T N )
. . - T~ Ol L R . L L ) . T
. . o t - r * a ‘. M - 2 Y * - . r .
- . PN . _ .t ., - - . K Ty
. e . . - . . I : : ; . . Moo . . ) . r . - . - .
LT o e - : » R N . . . ; . . \ - 4 X . .
- . N . Ly - . Oy - - 4 .
- - I T . . . . . - - . . ¥ . . .
. A - - v s . - - ' - [ ) . H
.‘ . . . = -, . l‘ - ’ . , . .
< . ., Lo e ' . . . . . .. “_l L g, , - * .,
- .o N . T N . . : - ~
o ~ o . . . . ro . : , t 4 .
ot " ) \ -' . L. Te -t 0 . - " N , ’ ‘ ! , vt
r L4 - ‘. . . ‘_. . L ) 3
A .- - . N ’ 3 - - ! » .
‘ ~ R T - . o K - 1 -
. . i - . . . o -y . . 3 - .
B ’ - ' " T ' - B 4 N - - * A v - b ' -
) e e . =103 -, " . - . , - ‘ .
. - N ) 1 . - . A - . . Eli PR . .
b . - * . . ’ B A . 4 -
¢ - ! ) i . ot . .- . -~ } M s - - L. . - . .
~ . . - + , Lot
- . ‘ n ‘! L . . .‘_‘ . [ ~
' — - - . . . - ’ : i - .. - .
LT . (G B . . 0t R oo PO T .t



' Retest Reliability of Ihres@olds,Expréssed

~ \ VARTABLE " N
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OBLA lnc 2

MAX Inc 1

'.‘ MAX Inc 2

-

:fc *e LT determ1ned ‘by 1nterpolat10n : ,f3
L Lt uetermlnéd by stage. prlor

~

MEAN.

BPM

1s
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g
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TABLE 15 ';VL-

Retest Rellablllty of Thresholds Expressed as Lactate

;'Lactate (mmele/l)t‘ '

‘LT-Inc 1* 13 .
~ LT-=Inc Zﬁ-. 13 .

by b

.17- 0.64 1.34'. Ns- 0.87 . §°

IAT-Incll. 9 ‘4,00 “-1:80-.
1

e

.41.. NS - 0.89 s~

.!i-‘.“-\

IAT-Inc 2. -9 .35-. ‘1.85
- TSL-Inc.1 + 13 3,35 0.59° 0.39..NS 0.63 S .
.‘TSL-inc'Z-. 13 3.31 Q.70 : - .
CMAXEX-Inc 1 ‘13 .°8.37 2.46 0.07° N§..0.80 S -
| MAXEX-Inc 2 .13 g:34.-3.00 S
“ PEAE-Tnc 1 13. -9.92° 357 © 105°°"N&  0.86" &
" PEAK-Inc 2 f13 9.39.. 3.02.° - TR M
LT-Ine 1%+ 13- .2.01 0.600 0.73 ;.NS . 0,85 ° §
LT-Inc. 2*%* 13- 1.93 .55, S
.-* LT determined by 1nteroo¢atlon- - 7 .
* LT determ’ned by stage prlor to lactate"increase
. Lo . ] i,
* 4.5 COMPARISON OF THRESHOLD TEST RELIABILITIES ’
. - N ! . . - \ L
. Flscher s Z Transformatlon (Welnbergmand Goldberq,1979) ™
pnocedure was used to statlstlcally examine. dlfferences in -
the retest correlatlons (Tabﬁes 16 and.l?) Onry one retest

correlatlon proved to be 51gn1f1cantly hlgher than any~oth—; -
'ert and that was tHe reteSt cvrrelatlon of TSL eypresced as

' treadmill ‘slope (r =0. 94) with the test correlatlon of LT.
‘(fFOn54)(Z=2.23i,p<0.0§). 7
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_The GLM'fesulté for treadmill'§iopejare 'féund in Table

-18._ Post h0c analysls of mean workroad dlfferences by Tu-

*

key s. studentlzed rarige, test mndlcated that the mean work-

" load at"LT was 51gn1£1cantly lower tham the , méan workload

]

at’ TSL IAT ana OBLA. There-wgre"no significant differences

1n mean workload among TSL, IAT and‘bﬁtﬁfﬁ}x

P f k '. ‘. -
-, " The GLM‘résults-C;r lactate concentration are found in

Table T%. ~ Post-hoc analfsis of mean lactates indicated

szgnlflcant differences between the lactate cdncentratlon at

r o

the end of 1ncremental exerczse to those lactate concentra-

ference 1n.lactate concentratlon between LT - and IAT Thefe

e

was .no 51gn1f1cant dlfFerence between TSL and LT nor TSL and

OBLA:... .- o, ‘ .‘ . . .. "‘. * '.- ‘.‘. - ) ‘ . --

-

‘tions at’TSL OBLA and LT There was also “a 51gn1f1cant dlf-'

LN



' TABLE 16

Comparfson of Reliability Correlations

-

LT IAT OBLA

LT, -- 1. 683 1. 2
IAT ° o - 0.482 ° 0.254
: - : 0.830

OBLA’

LT . - IAT OBLA.

LT . =--.° 0:842 - 1.596

CIAT L -- ~0:541

OBLA . ° ) -2

MVO2

Z-TRANSFORMED SCOﬁES FOR

LT IAaT  OBLA

LT, -- -7 -1.083. 1.483
aT’ oo s 1 0.230

-

OBLA T -
MV2 - -

380

By

Z-TRANSFORMED. SCORES FOR VO2 COMPARISONS (ML/KG/MIN)

- MVO2

1.366
. . 0.341

02230 -

- il

MVO2

1.710

©0.427

0.227

. * DENOTES .SI'GNIFICANCE .AT p<0.05 :

TSL -

L2317

Z-TRANSEORMED SCQRES FOR TREADMILL SLOPE COMPARISONS

“TSL

leNeoNeo N

. 380.
, 143
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L2119

VO2 COMPARISONS (L/MIN)
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Cbmparison or'Rétest Reliébiiity CorfelatiﬁﬁQA‘

" TABLE 17 (CONT) .

,’. L

[C IR

PEY

o LT
IAT
OBLA

LT

1

v

IAT © OBLA, °

" 0.137

Y

-

A .
. 1.041
. w= 7 0.765 -

. TSL

.0.4263

©.538
.1.504

' Z-TRANSFORMED SCORES FOR HEART RATE COMPARISONS

LT
TAT

. . OBLA

MAX .

O

LT
IAT
MAXEX

PEAKLAC’

. * DENOTES SIGNIFICANCE ‘AT p<0.05

LT

LT

IAT " OBLA

1.433

1.818

- '9.143

IAT  MAXEX

1.479

. 0.955
<~ . 0.651

-

.»..

-MAX

1.170
0.419
0.648

-

I

PEAKLAC

1.433.
0.237
. 0.479

-- 1.249

TSL

1.366
0.258
0.451
0.197

 Z-TRANSFORMED SCORES FOR LACTATE COMPARISONS

TSL

1.349

. 1.318

./ 2-TRANSFORMED ‘SCORES FOR PERCENT MVO2 GOMPARISONS -

e e M
. TR . . ‘ - «
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2- TRANSFORMED SCORES FOR PHYSIOLOGICAL PARAMETERS
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”7§l' GLN Results feT Trﬂadmlll Slope

-h.r‘: LR ...‘-‘\ N cL o T, Y

-

. ‘~.-'So

an

Res

uféé.; Sum Df Squapes af ?gﬂéaﬁfsﬁuggé: F fatlo
eshold _ 252 81 .o 3 -’. é4.17 o 10 46*|

iduai R 378 16 L 47 8 os

"

* 51gn1f1caht at the p-< 0.5 level

- f SENSREEIRY : )
3The<results of the GLM procedure for .oxygen consumption
'\ 1%

0.631 | "0.561 ' 0.813  1.560 0.249 -
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P _ DL
(ml/kg/min)iare displayed in’Tanlel20; Tukey s studentlzed
range test for varlance in oxygen consumptlon (ml/kg/mln)
lndlcated that mvo2 was 51gn1f1cantly hlgher than LT TSL
TAT and. OBLA. Also-'oxygen coneumptlon at LT was stgnlfl-i;;

cantly lower than at TSL IAT OBLA and mV02 but.ehere were :

no significant differences between TSL;, Ii& and OBLA 'When~¢Jﬂ~i:'“:'

the oxygen consumptlon was expressed 1n L/m_n,_ able 21) ﬂ‘f';'

'post—hoc, anaylsls 1nd;cated 51g1n1f1cant dlfferences onIy.

between'LT_and,mVOZ. _ ' . ] - 3“3'f;}3.}:cffmgf.-i

[
| N ‘ P OO o
| =, LT © TABLE-19 R T PR AP P TR DTS
! GLM Results for}LactaEe.Concent;ation.';2‘3‘,f "fi:“.__ .“;;j
P _ P Y PR T AN R Do AT
l .. : . IR ‘ ) - . ‘ — . - -l . ‘.:_. , ,-. . .“l' . '\T i "
: - : L. T .' - . -...‘.-I,;‘., -’- . '.:' . - II: e A - - : ”:
| . . o, j,‘ T RS o i
! Source, - Sum ¢f Sguares  df: Mean Square E ratloi‘ L -
| Lactatea' . 28866 ¢ '.f"'ag‘-;f 96.22 oo 40 11rr-,'. .
1 . et o . K . - . -,
| . .o . ) . s '.» g \-.' -:_-a o ' -
I Residual s1z2 74 Z'f,47.g,*. 2 39 Uu;f_éj"'L' . =
N E 51gn1f1cant at the p 3 O 5 level R L
Ha , L : _I... ‘ *
" The GLM results percentage of mVOZ are found 1n Table:jjwfj -Jf
422.]'Post hoc comparlson of oxygen consumptlon expressed as AR 313
Ai.;.x*

percentages of mVOZ 1nd1cated that BT was smgnlflcantly*low-y~'

" er than TSL, IAT and OBLA
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-RESPONSE'ﬂilATvE&DuﬁANCE TEST

¥
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|
I
Il
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| -
! . |
! - i - —— x4
;_ . ) ’ . iR . - 3 v . . . . i
| Source® Sum of Squares df : Mean Sguare F ratiol
N L e ST N !
o %.mvo2 s 2577 37. u:-jarv-- 859.12 - _22.18*L
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Nlne of the thlrteen subjects attempted to exerC1se on

the tzeadmlll for 50 mlnutes at thelr IAT The nlne subJects

1n the

- S |

endurance test ‘were not 1dent1cal to the group g€

~

,nlne subject54$hat dlaplaved an IPT resoonse in pcth rncre-

'

,_mental tests

elther lncremental test dld not | attempt the Endurance test-"

However
_sponse 1n the two,atteﬁpts-

A

‘-34 2 (+/-~10 13) m1n wlth only 2 sub;ects completlng the

-

:.tlre 50 mlputes

'hfln.Elgure 15.

'tlon of exerc1se (MAXEX)

.

was 7 80 (+/-

two 0f the n1ne eubjects cnly dlsplayed ‘one’ IAT

The meanfduratlon achelved

.-The mean blood Pactate COncenfratlon at cessa~!

.“/ Toa
3 31) mmoles/L-

kY . . ~ -

The subject that d;d not Hlsplay an IAT. in

re— )

was.,

' .
-~

’
en=

The lactate response to ‘the test 1s shown

v

Thet

'flactate at the end of the endurance test was 51gn1f1cantly

.



- . ' -
- : . L
N . - N nl oLt '
- * - t -

hlgher than the mean lactates.44 41 &/- 1. 57 mmol’L) at IAT

4

in the 1ncremental tests (t-4 08 p<0 05) but was not slgnlf-
:1cantly dlfferent -from’ the 1actate concentratlon at cessa-

“tion of 1hcremental Exerqlse {t=1. 06) Lot

P s - . - A LI -
- . '
I . . -

-
+, -
-

PIG 1350 LaLT REbPO.‘IbE R IR -
TAT ““Ll“LQIeE '

. . - SUBJECT IDENTIFIED BY NUMBER

) The two subjects that completed the 50 mlnutes flnlahEd

3

wlth mean lactate values ‘of 3 74 (+/- 0.11) mmoles/L The

‘.mean_dIfference'between_ladtate concentration at the end of

. s -
‘the endurance ‘test and the lactate concentration at IAT in

Ehe'ingrementel tests, for these two subjects, was 1.03 (+/-

“0.10) mmoles /L. Theiseven subjects who were unable.to finish.

- 115 - ' ’




the«endprance test Showed a mean lactate response of 8 g6’
o . .

(+/- 2 76) mmoles/L whlch Was a meah 1ncrease of &, 47 (*/-

LY ',_-

2 61) mmoles from the lactate concentrat;on found at IAT in.

- L}

the 1ncremental tests. T, '.; . e, Lo f:-! S
“;,'; *All subjects regardless of whether they ccmpleted the

1
~

entlre‘SO mlnutes or—not :d1sp1ayed near max;mal heart rates';

» . - -

;.at the cessatlon of the endurance teSt The mean max;mum

#

- - T -

heart.rateefrom the 1ncremental tests was not-51gn1f1cantly

dlfferent from the flnal heart rete ln the endurance test

[ g -~ —

(t =0. 35) The mean max1mum heart rate from the endurance

- .-, - - ,.—. '

test was however ~51gn1f1cantly hlgher than the mean heart

> . - ;‘_"'

rate At IAT durlng the 1ncrementat tests (t 3.51, p<O OS) ’

- [
- - ~ ‘/ 4 - .
i N - " 3 . * " o - . - . -
- s . . N

The mean oyygen consumptlon at exhaustlon~ of the»sub-

Jects who- d1d not- complete the test wés 3. 82 +/— O 71 L/mln

-

.
- L ' }
L) . -~ -~ Cw .

_some subjects, however, 'oxygen cohsumptlon 1ncreased un il .

- - . - - ’
: . s * . »

\éﬁhauetion, whlle ;n others 1t peaked  yVand'theantarted e

> ~to- decrease -
The two subjects

.- . e

'bkygéhﬁcensﬁmption from--15 min to 50-min Thelr Qxygen cén-"-

sumptlen at the énd of the test was approx1mately 867 of
thelr . mvoz. __.f- o . S o AT

e

- : -
.

test_ had.. a,"st-ébre. S

e

Ehls“corresponded,‘on,aVerage .to' 88/ ef therr mVO2 ln; ., \A_p .
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B “In’ the present- study, 13 endurance:.trained subjects . .

- ’ Ly . . . ¥

mpleted 2 iﬁcrementai readm111 ski'Walking tests twg days
.apart. The second test was. condusted to permlt determlnailon
of retest«rellabllltles for the varlous ana&roblc tnresh—:"

olds . Retest rellabll t1es of threshold ﬁneasurements a1e

:

z_usually*based -on oxvgep‘consumpt*on at threshold .or are not"

- . 1 -
i \ - -

reported at all In ehe present study, addltlonal retest‘pa- V!

. NS . "

‘Iameters o f heart-rate,‘Lactete‘toncentration% and“wonkloedu

. . ‘_.‘_ s ] .

werg@ also examined. ~ =~ 7 e - . ]
- , A T ) .
R . cr ! ’ ' o - ot A
. [ . . -- - T IS . PR
a In the present study, _p51nq a group of, endurance
DR S . . B e ey i
tralned Cross couﬁtry skrers: the,rellab llty O; determining

thresnold wérkload by retest was 51g1n‘1cane for each cf uT .

.-

IAT TSL and OBLA 'The“correlatlon for LT was lower tnaq

. a4 . et

those .of the other thresholds but only signifiéantly lower. .

.
. - N

thdn that for TSL.' If‘the.criterioﬁ for-aeterhiniﬁb thresh=.

old is ch0051ng the stage 1mmed1ately prlor to the selected

- r - : -

T event (dependlng on the specific, threshold), the retevt cor-'

. re!atlon for LT 1ncreases from 0.63 to 0.80, This increase .

+

*

. was not statlatlcally 51gn1£1cant P - .
- T = T ’
- ~ o, . v i P . 3
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: lat:Lon method was used : _A N

PO Aunola and Rusko (1984) reported sllghtly hlgher retest

cerrelatlon values for 33 subJects u51ng a blcycle ergometer

pressed asfwerkload ANT was the mean ef IAT and the p01nt

1", . “n

éelow whlch llnearlty 1n the VE/VOZ and VE/work rate’ curves L

- ¥ “

rkedly dlsappears -It was net stated whether the 1nterpo-.

.

Voot .

. . . .

' [ " o, . .

- . . v,

- &

~a

g the Varlous thresholds and =t mVOZ were all 51gn¢f1cant

- - t - - .
, f] S . ¥ t

with no 51gn1f1cant dlfferences between the gxoup mean val—.‘

. - v ~ 5 .

ues in INC 1 and INC 2 ThlS 1s 1n dlrect contrast W1th Au—”"

4 . . '

nola and Rusko (1984), who reported a. non 51gn1f1cant retest

EXS L} -,

~“correlatlc;n for LT (1=O 35) andva lower dorrelatgon for AkT

-

(r O 68). The correlatlon at mVO2 ‘was 0. 774 The 1nqestaga-;

. -, Ty

' - -l

t . \ - i [ 4

tvaraatlons 1n blood lactate concentratlon due to dlet and

-~ K2 R -

prior exer01se " In the present study the saoje ts. er
A Y - .- -

,asked to malntaln their normal dlet reglmen and to llmzt the

[ P ¥

~

exercise pattern tp a maxnmum ©of 1 hr of aeroblc exerc1se.on

the day prlor to the test end no exerc1se prior to.the test

i
v r
. ..

Dn,test-day 1tser§: ‘,.' T Lt .l

- - - - - [

-The bleod‘ampllng pretocol of the present study also

'The retest'correlatlons of lactate ccncentnatlons ati

tors reported that this was llkely due to’ 1ntraind1vidua2*,

: ,test for LT (r\‘O 97) and ANT (r =0. 95) wh.en threshold‘ was ex- R

diffexed from that of .Aunola and Rusko (1984) In the latterl -

study, the treadmlll was stopped each tlme that blood “Sam-

ples were, taken Heck et-al (1985) have shown that the_



B .- - .

‘ . . . ; . - . . '.l‘ - e e,

Ienéth.onthe~ﬁaﬁse'for'blood 'sampling does héye.a.smaiisefcﬂ

- C - a

fect on OBLA determlnatlon However the authcr 15 unaware"

- - <
.

of any study that has compared .a contlnuous test: to a dlS-'

- - i

continuous test.wlth 15-30 "second pauees-on-elther"lactate

- -
L

response-or ventilatory response.. ° . - -

. - B R - ' LI -
- . ) o . = .o oot *
. - . s <.
- - -

- The method of selectlng p01nts from 1actate plots'can

. » N

aISO'be a source of procedural error. In.the.present = uoy,
1-

the data curves were smoothed by a Sophlstlcated computer

hd -

brogramme, whlch reouced 1ﬁvest gaton error and blas . The -

’ :
- " - ] \"

smooth;ng techneque in Aunocla and Rusko' S stud] was not re--

i .
ported = . B ) .

M *

T, Aﬁﬁoia’and'Rueko based théir RNT'determinetions on both

'laqtate'and ventilatory ﬁéﬁsures;' Tne ventllatory responee

A -

e -

could ha¥e been. an adoltlonal source of varlatlon in lactate

- ’ -

concentration.. Many invest;gators'haVe-thqt CQaimeq_the re-

. ] - N 1 K . "_-._ . B
lationship betwgen VI and LT is- at best coincidental .(Green
A -
A . .ot i , "y
et al, .1983; Scheen,' Juchmes and Cession-Fossion, 1981;
N .

Vel

Turner and Brooks, 1982)5 Poole and Gaeéser (1985) obtalned

‘a very Door correlatlon betweeg ohanges 1n VT and LT in re-“

sponse to training. Their arguments suggest that there.ls

[ 4 -—

nc physiolodical ba51s for comblnlng lactate and ventllatory

-

Stamford, ‘Weltman and Fulco 1978;.'Watts 1982 Hughes:

measures. Howeuer, a number of studles suggest that they can h

be.combined-(Davis et al: '1976 “Ivy. et -al., 1980 Relnhard

Muller and Schmulling, 1979, -Yoshida et al., 1981)



‘q .

Anaeroblc threshold values are most commonly reported.

&S oxygen consumptlons O]’.' El.S a percentage Of maxlmal oxygen
uptake,“ Davis (1985) argues ‘that AT ,is, the V02, and not the

“work rate at whith' breakp01nts in lactate are found.- . The
; -t e 0 f . .-
present study found 51gn1f1cant retest correlatlons for, IAT,

TSL OBLA and mV02 when exoressed 1n L/mln .The mvoz2 corre-
latlon 1s slmlLar to. va1ues in some studles (ba"is-et\al_
1976 Davis et al 1979 Rusko et al, 1980), but is sllghtly :

hlgher than that reported by Aunola and Rusko (1Q84) ' Rusko- .

[ - . i

,‘\.uf

fand co—workers (1980) reported ANT-(L/mln)lretest-correla-

tlons gn 12 students as R=0. .95. 'In theé bresent.study}:simie'.
lar‘IAE“(L/m}n) and TSL (L/min} retestAcorrelations were

found--

-

The retest correlatlons of. VT (L/mln) reported in the

£y 0
»

llterature vary more than those reported for mV02 Davis et ’

f(lgfo) found the correlatwon coeff1c1ents wrth 30 Ln-'
ftrainEd_men to,be r=Q.77,fO.7é, and'O.xe in arm :ranklng,
' . '.'_. A Il‘., . ) " N - L . PR ) i
. CycIing ‘and treadmill running _respectively Davis 'et al

(19799 found a pretralnlng retest correlatlon of O 94 and a--

» -

post-training - coeff1c1ent of 0195 in blcycle ergometer

work. Nemato and Miydshita (1980) " found a ‘retest correlatlon

.of O 96 for 24 students d01ng blcycle ergometer work Nema-

to. ahd szashlta also measured a second ventllatory response-f

i

threshold based, on_ an lpncrease- 1n VE and a decrease 'rn'

4

P

FeQQZ. In the same 24'subjects, afcorrelatlon of r—O 79 was:h

.reported. . 0 - ' ' . -”' R . ‘



\

In the present study, the LT (E/mln) retest rellabrllty
was sllghtly 1ower than that’ of the other thresholds It was
.‘h

also slightly lower than the retest correlatlon coefflcxent

(0.94) ;eportgd by Aunola.and Rusko 1984 The correlatlon

coefficient of oxygen consumption at OBLA;r(r=O.95)' was.

slightly higher than the ore: reported by Aunola and Rusko.

r.

(r=0.86).

As thresholds (ml/kg/min) are influenced by 2 variables

(weight,v02), it was expected . that the retest correlations

would be lower,tﬂan thresholds éxpréssed as L/min. Rusko et

al. {1980) found that 'the retest correlation of MVOZ“

o . ) ’

A} S
dropped slightly from r=0.98 to 0.94 when expressed as ml/

kg/ﬁin. The retest correlation coefficient of ANT also

. dropped siightly from 0.95 to 0.88. Aunola and Rusko (1984)

" however, ftund no change in retést-reliability in LT, ANT
and mvo2 in 33 men. In the present study, a'a ctéase-in re-
test reliability. similar to ‘that fqutd: by‘ Rusko et al.
'(}980)f;cqutred. :The retest correlétidn for mV02 decréased
from r=0.95~to-0.84. Similar ﬁecréases were found in IAT
(r=0.94 to 0.78), TSL¥(r=0.94 to 0.81), OBLA (0.95 to 0.87)
and ﬁT kr=0.82'to 0 55). None of the decreases were signifi-
cant, though the retest correlatlon of LT (ml/kg/min) was
not significant. | - - -

Aunola and Rusko {(1984) state that the reproducibility

of LT (VO2). and ANT (V02), when as expressed as.%mVOZ must

s

~

Al ‘ SR S



‘.l-be lower than‘rne abso;ufe_values %6r LT and ANT. They re-

J.borted dorrelatidns of,r=0.é4 (LTyhana r=0.62(ANT). Rusko

et ai-(;980)'reported a higher torrelation coefficeient of

rellablllty of r= O 91 faor VT (% mVO2) “ In the present study,

¥ - . N

__the retest correlatlons were poorlfor LT, IAT and TSL, when"

. ),
.3

using‘%ﬁvoz as the.unit Only for OBLP was the correlation-

significant (r=0'79) ) These results suggest that thresholds
-~should not he expressed as 7mvVO2 when’ changes due to various

>
" .

treatmen%s are belng 1nvest1gated : _'-'f;

x ® '
R - s
- o R . R - .

i

_-"' Aunola and RUSko (1984) ﬁeasured tHe.retest reliability

of heart rate'and at LT ‘ANT and max‘in 33 men. - In the

-~

present study, retest correla-lons_of HR . a* IAT and.dsbﬁ

were 51m11ar to those of Aunola and Rusko. The correlaﬁioﬁ

coefficient of LT in the present study-(0.60) was signifi-

‘cantly lower (2=2.16, p<0.05) than the correlatibn coeffi-

..~ clent_reported hy Auncla and Ruske (C.23). ,The retest reli-
ability'@f maximum heart rate wes%sliéhtry higheriin the
'srudy of Aunola and Rusko (r=0.91)-than in rpelpresent.stuAy
(r=0.84).  In this.stuay, there was e siénificén%ﬁdifferenee

in mean heart rate at IAT and TSL between INC-1 and INC-2.

As the workloads were significantly different from INC-1 to

. 14
INC-2, it is reasonable to expect that the iisociated heart

rate would also be different.

. - . \ . . _ .
0.80 with 12 students. Davis et "4l (1979) report. a retest
*



* The variabil%ty.of heartgrata*and_workloadhgroup,means"f e
' .frbm'chhl to lNC-Z aﬁould'be of‘oraﬁé conternwfor anyonew

_.u51ng heart rate; or workfoad‘to determlne subsequent steady" -

. state orItralnlng worklo‘ds The.source-oﬁ'these s;gnlflr

> . ’

) cant changes can be due to procedural or due to indiviﬂiual -

_ sublect varlablllty Armstrong and Cost;ll (1985W found ln'«
. ,: . Lo

':several repeated cycllng and runnlng testa,. that SUbJECt.

varlablllty accountpd for 90% varlataon of V02 “and 75% var~- .. .
t . K ' . Y
aatlon of 3 mlnute recovery lactates,” in the total day ‘to

day varlatlon Though the authors dld not attempt to deflne‘ .

. ~

_ the factors conorlbutlng to the blologlcal varmaballty, they < a

2
S -

'i,speculated that the tralnlng state learnlng and changes 1n‘5

s

. 4

fpatterns were_lnvolved,;

. PR ey -4
3 . - S w -

e - o« - . . - o . . . i
- , IR - - . - . o

The mean dlfference in treadmlll slope at TAT between v

’INC-l and INC 2 ;as l O slope . The mean dlfference of the' -
_entlre group £an be con51dered of bo“derllne ohy51olog1cal:'
‘s gnlflcance The frequency dlstrlbutlon oF clffelences "e—-; -
'veais a- blmodal curve 1n whlch 4 of the IAT END test sub-
Jects.had small dltferences ranglng from 0 0. to O 3/?slope
(X=0Q. 15?) whlle another 4 subjects had hlgh retest dlffer- ffihi~,‘“
'ences ranglng £rom 1.7 to 2. 9/ slope (X'Z 1575 Theﬂdlffer—" _'Jf-; L
ente in’ the latter grOup is lfkely of physaologxcal 51gn1f1-f -
{cance. With suc¢h a small sample populat:on and a non normal
dist}ibntlon, .further analysis: becones alfflcult, and at

o

best, conjecture. S oo RS



An attempt to detect a relatlonshlp between the changes i;f.i

- .
Y

1n IAT slope from INC— to INC 24and changes 1n other param-r'

eters was unsuccessfulq' There was no 51gn1f1cant correla--

-

tions between changes in, IAT (workload) and changes 1n IAT

v . toa v

(lactate, heart ratef VO2 L/mln VO4—ml/kg/m;n)L LT (work-

" lodd), OBLA t(workload) :'rs,c '(.w_oricioaci)' _' mV02 (L/

-'mln ml/kg/mln), PEALLAC or MAXEX Thﬂ two subjects who were

: tested in the competltlve season were among the athletes who
’ - v T v e
dlsplayed large, varlatlons 1n-IAT:slopes Tgalnlng status

"~ among’ the subjects conld haVe been a factor However these
. !
2 subjects’ dld not necessarlly have large varlatlons in oth-

= 4

er parameters." Agaln because of the sample llmltatlons the

51gn1f1cance of the 1ndependence of changes in. IAT slopes tol‘ 

other parameters is unknown

Y . ' ‘-
. . N

Differences in -heart rate. at~ IAT 'were 51gn*f1cantly;

correlated Mlth lactate changes at IAT (r 0.72) and MAXEX

(--O 64) The heart rate dlfferences at lnT appeared to have

‘a more normal dlstrlbutlon . o C ‘

Two studies'suggest'that the" heart rates'Qerived from.
‘an . incremental test are not necessarily transferable te

_steady‘state exerclse' Heck "et al (1985) reportedrthat 1t

~

- is common to f1nd small dlfferences in. heart rates a55001at- R

_1f ed w1th 1arge dlﬁferences in work loads One subject com-

pleted 5 28 minute runnlng tests at speeds ‘of 18 18;7; 9.4

and 20 1 km/hr ‘resultlng in large d1fferences in .lactate



4 h . . ~

' - R

. concentrat1on ; In these tests there was “on average a 2

o

heart beat 1ncreé§e per 0 5 km 1ncrease ‘in speed Rlnder-_'
-mann, -Slmon and Keul (1979) found that at steady state work
at OBLA heart rate 1ncreased throughout the 45 mlnute test
while the lactate concentratlons remalned constant. Thls was'
true in the:present study.wlthrthe:two_subqetts who were

able to complete the 50 minute test:. = . . .

".Finally as the _present gro ‘P of subjects afe cross 

'“fcountry skiers, 'thelr ngrmal competltlon and tralning envi-
O
,ronment elicitS‘a varlable-heart rate response Thus guide-

,iines for endurance~ tralnlng at threshold should not be

solely based on heart rate

Fl

" ‘The mean 'difference in.TSL slope was 1.1% slope. The

frequenty:distribntion_of ‘test differences is more normal

q;than'that‘of'fAT lepef’Changes in‘TSL slope, like those of
IAT'slope;“also appeared'to be ihdepéndentlof-other parame-

“ter changes.

The subjects who were’ able to complete the 50 mlnutefﬂ”

_endurance test had a: completely dlfferent lactate requn\ef
ethan those subjects who were unable to complete the Qestﬂaf\\\\\

In the present study, the IAT determlned from the average. of

-
s .

12 1ncremental tests overpredlcted the workload for 7 cut of

9. sub}ects Iﬁ these subjects there was a contlnuous in-

“-orease "in lactate _concentratlon oxygen consumption ‘and

"heart rate’ until exhaustion in the enduranoe test. The 2

- 125 -
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’Subjects who were able to complete-the 50 mlnutes demoa-

strated &an' eievated steady state lactate concentratlon and”

[

steady state oxygen consumptlon. Heart rate did not.remain

stable, however,.lncrea51ng contlnuously to max1mum at the

o - . \ .
- - e

end of the test. o . -, _ Er ;"‘”_T

- . . - . . ‘-'ﬂ_‘.

The prdblem-dfhreprodpcing similar workldads in’eﬁbsee

~

quent . 1ncremental tests recuirei'further investigation.'mhe"

underlylng aesumptlons of IAT theory were not tested in. thlS‘

1 - t

=tudy More thorough understandlng df lactate klnetlés at-

» - . -

the cellular level is* reguired. to»test assumptlons of JAT

and . other lactate compartment models (Zoulamlan and Freund

K (S

e
£

'1°8l). The reculrement of the IAT protocol to measure lac- 57

o t ¥
0

tates Qurlng recovery £rom 1ncremental exerc1$e 1ncrease the
ootentlal source of‘ varlablllty - There- ‘can be increased-

g 7 . T ‘
. "arlablllty due to dlfferences Mn lactate concen ration 1m-

J

,medlatelv at the‘end of exercise, peak.lactate concen:ratlon

.
’ 1 ‘

nd rate of lactate removal-' An adoltlonal source of error

_1s the dlfferenCe in lactate sampllng ti me as it is often

' . o

'dlfflcult to induce. good caplllary bloed roy—lmmedlately

&
~ . - 3

after exercise. . R . . L.

P . . . . v, .

Though workloads at TSL were. not 51gn1f1cantly dlffer-'

Y

ent. from those at lAT TSL does appear to be & superlor pre-*

- -

dlctor of the workload that 1nd1V1duals can ma:ntaln fon 50

__..-

-mnnutes. ‘AlL.? IAT END test subJects who were, unable “to "

1 - "' : l

~ PR N

W

"complete the test had lower mean TSL slopes than mean IATn

by

e h, ..

W

N
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. T e Lo TR - ey, - -
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-}f sidpEs 1 7%). Thy‘two'subjects who £0 'd & -
BN ,\.'r'- . ',,..ﬂ_‘“ . e 5 r T .
f the IAT END test dlsplayed hrgher«mean TSL workloads than TR
\". \ i - AR . o, ‘
mean IAT workldadsf-;n thelt 1ncremental tests (X*D 45” . L ~ %
E RN £ . / - - . N AR "
Tt would be reaspna?le to conclude that the 7 e L
y ., » v F - ." Tu : i
’_to'endhre the f*xedrload test to ) s
B for'lohger 1f the test had been conductea at the TSL wovk- Sl e n
. - . ' .. v, . _?' . ,: :{: .-l ‘ . 5 ) . R 5 S, e
:10adj- *As*there 15 no nedulrement ‘for post exerc%se lac- T e
i .. IR en (' ., . ) ” v . " N ‘." . ) M-
"”tatés, TSL 15“a’less.compl;cated and leSS errdr prone test &
; . A A A _ ’ P -

to conduct LT ".ﬂ PR A -*; g ‘f Cr o,



/ ot " T o S L -

6.1 stoiJSIS',_ P

v ! . ;o ’ -
) ., - ) G‘.a _‘ . «oN - .

F

The /purpose of thls research studyi was three old 1) to

f.
determ:?e the retest’ rellabzllty of Indlv1dual Anaeroblc

Threshold (IAT), 2) compare the. IAT retest rellab111ty to

b o= L

_other;lactate determlned anaeroblc thresholds and 3) to in-
. ..

vestlgate the. valldlty of IAT in Dredlctlng max1mal steady

state workloads ‘that can be malntalned ‘or 50 minutes.

B - . . - .

8.2 CONCLUSIONS AND RECOMMENDATIONS = -,

- 6.2.1- Sumrn'ar"y' ..
L] e - . : . .- . . ‘ K . ‘
1. The retest reliability of IAT expres sed. as'WOrkloaa;
‘QOEYgen consumption (L/mln and ml/kg/mln) 'lactate‘

‘ concentrat;on and heart " rate as strong ,(0 78 O 94)

- and comparabie to that of- OBLA TSL ‘and - mV02 1n "the’
o present study. However the mean. IAT and TSL scores
for heart rate and workload were 51gn1frcantly dlf-zlg

. ‘ferent fron\the flrst 1ncremental test. to xhe second

- R2, The retest correlatlon of LT IAT and TsL when ex-';-

¢ -

. .- pressed as percentage of’ mV02 s, poor (O 38 O 59)



3. -The mean LT TSL IATH OBEA and'mVOZ'seores'fer cﬁyﬁ-'l

gen qonsumptlon dld hot " s1gn1f1cantly change from the

o flrst test "to the second

. -

4.:nmhe retest rellablllty of OBLA ehpressed as workload

oxygen consumptﬁon lactate concent}atlon and heart

*

- - Le T

llshed studles

.-

rate is tomparable to tho{i\tound in prev;ously pub-

- P

.3-‘ 5., The . present protocol for determlnlng IAT results 1nf

an over- predlctlon of | the maximum steady state work-"
1oad that can be malrtalned for SO m:.nutec -in the'“

- . - .
.

preSent’grqup-of suhlects, ‘ ::‘ - o

- -

. S, I oo

.6.2.2 ConclUdUwg.Bemanks; L ' e

. -
. . - ~ » - .. - -
-+ . " . : . - ‘ . *

L - . P . . -~

. Much of the present 1nterest in anaérdbrt threshold de-

”
i X .-

. termlnatlon is ‘due to its presumed relationship to steady
state‘work, In the'present study and subjects, IAT faifed to
,f“prédict'steady-state uorkloads, despite evidence of strong
.- N R g . .

"retest reliability for the procedure IAT was also diffi-
- cult to ellClt in some sub]ects : ) o Lt
L , ) . ) - . v . A v
' 6.2.3 . Rgcommendations . : St
L - - _. g = e
o In subsequent work it is recommended. that slow oxida-.

thE steady state workloads should be based on TSL and OBLP

' rather than on’ IAT Further study of the IAT is. requlred to °

i

» ascerta:n the validity, of*theoretlcal assumptlons underlylng



_the;IAT; as‘weli as to overooﬁé'thé'practical-ptoblems'in-'

,determination”shouid'oe made. R e

. . e . . .
- . . N -
. - ’ o . . ® . . .

P . L)

volved in estlmatlng maxlmal steady state.workloads. ‘ f”:
. C, ..a _'t.’-'-'H’ _’:'.‘.-\1_.

-“”Ks{TéL'appears'to befa more#ﬁf%ctioaltaﬁdjvaiid pre-“

dlctor of‘the hlghest steady state workload that can be-

malntalned far. 50 mlnutes in the present group of sub]ects,;

further study on the valldlty of TSL is- suggested '..;-

v - . - .
- - - P - . - Co- -
‘ - . n

An 1nVest1gatlon Qj the efféct of StODplng the treaa-

“-mlll on blood and ventllatory gas measureSrdurlng th*eshold

T

- . . .

. . - . . ~
- » . - . T .

- . . N

Y . L. S . . R -

“Finallyi the role of'anaékobfo threshold pfed{ption'for

AR -

spofts W1th-vary1ng endurance-workloads (1e cfoss country .

b 11
. s « - - . v .
skiing” and lunnlng) shouLd be'lnvestlgated.. . .
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T 1.0 mmole 6i+ | +/=76.00% T v T4ys- luegy e o2
| 2.5 %, 6] | 1.47. 1; .0:.99. .
| 5.0 1 ¢ 6] | 0.56 1 - 21 @.57, }
i 10.0 Y g.99. . . L7 0.05" "
I - DR ST S N
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L -- R L. L a
- fﬁbe'witb higher lactatérc§n6qntratron¢-‘ Y
) ) T . -1 X 100
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-tube with the Iower lactate concéntration’f. -
) ' Y ol .. . ’ i : it ’ - B R

: The rellablllty errcr was under 2% and was conCentratlon de-'

-

pendent (Table 23) The lower lactate_concentrqtloﬁs dlsplay

-

greater mgah o error: than ‘higher -lactate céncénﬁfatioﬁs.l"‘ R

- .
-~ ool

S "L . L. L e .
(. -~ Validity error in 6 repeat measuréments.of standard so-
: . ' : w e \ R
+ lutions was also concentration . dépendent. - + The*. opergting. |
. 4 s . N _"\ . -
r. P = 182 = . : o
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-or 35.2“
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mmoles-

.
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A

p-ﬂ As blood dlluulﬁq\technlquee aopear to be the major

~ source oF error, an 1nvest1gat10n 1n the whole blood‘method
T T - ] :,-.

was undertakem to determlne the eﬁpected error as

. -

ththES

- z-p ».} ;H C & . ;ﬁ. . ;- N
gone unreporned S R C Eﬁ"--ﬁ".~"
IR . . ooy ‘ A - . S

’7‘- f Two hundred and zour flngertlp cabllbary blood samples

‘were obtalned'at rest

.~

varlous 1nten51t1es of . exerc1se and

- {‘ . . a . .‘_ .

durlng recovey Equal amounts of whole blood were, 1mmed1ate;
- . N L4 ’ ' ~
ky Dlpetted 1nto prev1ously p:émared hemoly21ng tubes Aver—?

1 - . \

age percent error - was 5 55‘+/-'6 23 (n 204) (Table 24)

- 3
1

1LUb&S was O d90 4

*he correlatlon coeffﬂcent bntween the :_

p>O.pOi)r' The meaq 0. 040

v o . . ~

mmoles,/L

dlfference between
N N ;

mhlch was noe'statlstlcally 51gn1‘1cant. v ﬂ_"ﬂ-'

’tubpS.

-

was:

.
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Table 24 1nd1cates the error with dlfferent membranes wlthln‘

-

the analyzer 1tself

. . -
I8

-

.

-~ As percent error is concentration dependent, the ‘rela-

~

tionship ‘of percent error to lactate concentration was fur-

ther ekamineq. ‘Thirty four percent of the scores were
’ .

greater than the “S\% or 0.2 mmole _ error rule" (Figure'ZO).

The compavlsonwto th1= rule may not: be approprlate as it uasf

" [

developed from standard solutlons that do not contaln red

'-'b ood cells o ] . , ' ‘ ,»-.‘

. Percent~error is also oependent upon type of act1v1ty

"Table 25 1nd1cates the percentage of error Values above the

L

"5 % or - 0.2 mmole.error rule”, , .

The' greatest percentage 'of "high errorwvalpes" appear

»

. - . . N
in Jthe first stage of the incremental test. It was often

. b B
-

) N - . - . . M : .
tdifficult to obtain a sufficient volume of blood to do dual

.semples at‘this stage. Thi's may have beenvdue toaa hlgher

; .
)

level bf.anxlety and to a temporary shUntlng of blood to the

> (I -

.musole. In Subsequent stages caplllary blood flow to the

-

flngers may have 1ncreased due to the attempt to d1551pate
. . s ? -
B pody heat 'CR'tP a relative reduction of anxiety.

: Tbe amonnt of delay from blood‘sampling to blood analy-

- ' . ~ -

‘515 1s also a- factor in lactate determlnatlon error. 'Sixty-

7.n;ne palrs of tubes were: re- examlned 3-55 hrs post blood

n - [ - -

' sampllng Average error was 7. 09% +/16.82m. Desplte non-

. ‘o . . .
- b Lo 3 \
L . . » - - . ~
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i " Incremental ' R s e
v ', Stage 1 | :3B 52.6 e T
. ~ Stage 2 | - 35 34.3 - . -0 .
s Stage 3, 13 2301 . N
t . Recovery . 37, 27.6- 0 7 (. .
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- ~ - . . o

* Errb{ rule =. 5% or O.Z-mmgles/l B ST
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significant differences from tube 1 and tube 2 'over time.’
- : - ‘ - A .

Lt

‘there were sibnificant diffevences over time within,K tube 1.

(§=2.90,‘p>0.05)f ana tube 2 (t=ZI.14, p{O.bS)_-.The ccrrefev

N — . R
tionkcpeffitient“between-tube 1 ana tube-hz;over-time ‘was

1 . < - e
K

0.987. The correlatlon coeff1c1ent between tube 1 at sam~

~

spllng and tube 1 over- tlme was O 98& '~ The correlatlon wﬁthln‘

> ) L3EN

tube 2 was r=01973~_-' ) ol S . o ;;
LA oWt . ' ., Yo,
. - ' . - :-‘.. ’ N '. . , T - ‘u
' Delay in' lactate measuremeﬂt-1nCreased‘the number of-
saﬁble‘errors thaquefe greater than ‘the "5 7 or ol2 mmele~.
rhle". In‘the 69 tdbes~ a. delay in. lactate measurement 1n—i
creased the percentage of hlgh sampllng errors from 29% to_
43%. . - 4 . :.- e 2 .~ 7-_ N _.". - ‘,J L _.-' - ."‘_ : \, I'
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“Lactate Concentratibns at Thresholds@ Max

1
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|
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1
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e

s 1

-—

Sub3i-INGC# = .°.MAXEX MAYLAC LT ,6 IAT ~ TSL .
| 1-INC1° - 11.03  16.26  2:90 4.00 3.40
i 1-INC2. | 10.22 -10.75 -2.90 3.95 3.80 -
., -2-INCl- . 12.06 -14:62- 3.25 6.95 4.00. .
2-INC2 .13.57 . 13.96 3.10 7.10 3.860
3-INC1 - + 8,62 *9.38  2.10 %.80 °3.58
3-INC2 7 9.56 .9.40 1.78 “--  3.28
. 4-INC] 8.04 8.54 2.14 3.62 3.39
" 4-INCZ' 5.60 9.10. 1.80°3.00 3.67
. : R N , A | A " )
| .5-INC1 5.61- 10.74 1,55 2.08 3.45
. 5-INC2 9.98 12.06 "+ 1.70 4.00 '3.25
' e-INC1 . 6.78 7.62 1.%2° 2.58 2,95
. 6-INC2 . 8.01 8.80 1.82 2.68 2.85
!~ 7-INC1 . 12.33 '15.38 1.95 5.55 2.50
| . 7-INC2 13.11 14.10 1.55 6.80 2.45
"l 8-INC1 5.66 7.10 1.50 ~2.25 -2.78
t '8-INC2 3.98 5.74 1.39 2350 2.38°
' 9-INC1 9.87 10.46 2.00- 4.35 3.12 .
|  9-INC2 '9.42 11.26 2.50 4.62 4.75
| 10-INC1 6.91 6.40 1.58 --  2.33
! 10-INC2 6.06 6.76 1,88 2.88 2.88
i 11-INC1. 4.66 4.52 1.79 . =~- - 2.83
i 11-INC2 4.59 4.59 1.56 -- 2.78
I 12-INC1 €.21 9.58 2.32 4.58 3.48
} 12-INC2 7.50 7.66 1.85 4.56 3.08
! 13-INC1 p.09 £.33 3.44 5.22 4.48
+ 13-INC2 6.79 8.63 2.90 -- 4.32
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T SR TABLE 29
o - "*  Threshold Heartrates
. ¥ . ;- ' C .
b S - i i
“Subj-INC# ~ LT IAT OBLA - TSL  MAX
] +:1~INC1 . 155 172 172 .168 . 194
;1 1<INCEZ . 171 173 +174 171 190
| 2~INC1, 168 180 - 175 74 190
. z-INC2 . - 175 186 180 179 - 191
i 3-1NnC1 . 167 185 183 182 . 199,
| 3-INC2 . 166- -- 185 184 191
- i a-mncI” 148" 163 ..165 - 162 . 4175
T 4-INg2 T4 154 167 172 . 170 180
|, . MY . - ' ..
T} #5-INC1: 160 171 180 184 . 195
.. 5-INc2” 151 180 187 ., 176 - 196 °
“ 4 p-INCX 156 176 - 188 179 197
. ~ 6-INC2' 157 178 188 183 201
|~ 7-INC1: . 167 - 184 ° 180 162. .191
| 7-INC2 . 166 194 186 . 168 195
. "8-INC1. 171 177 185 - 177 193
' 8-INC2 150 ° 180 188 ° 181 187
| GZINCI1, 146 167 | 166 163 180
| 9-INC2 137 * 168 f ¥61 - 168 185
.1 FO=INC1 146 ©  --  -173 166 178
s 1o-1heE2 149 163 . 170° 163 180
- *11-INC1 165 . -- 189 . 181 195
i 11~INC2 166~ -= 191 186 192
| 12-INC1 . 170 187 - 184 182 197
» 1 12-INC2 169 185 183 186 191
, 13-1INC1 . 151 186 177 - 181 - 194
| 13-INC2t R Y 157 0 -s 177 180 191
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