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ABSTRACT

The ;urpcsé ct thils study was to ccrpare the response
of plasra dcpamine-E-byorcifla;e (EEH) tc an acute Lkout bf
e;ertise cf_the sare relative lintensity betveen trained and
urtraiced sunjects;" The exercisé intensities were defer-

3ined relative tc bcth the anaerobic threshold and the maxi-

Fal cxygen ccnsurpticr.

Fach grcup ccnsisted of 6 healthy lales..tetueen the
ages cf 1§ and 3% veafs. The mean VC2 mpax of thte untrained
anc trained suljects were 50.6 and €9.¢€ rl/kg/rin resgec=-
tivelys The subjects rerforced a treadmill running protccel
tc extausticn witht speeds increasing fros B.C tc 19.0 ka/b
ir the uyntralined enn 9.% tc 23.0 kxsh in the trained grcup,
all at a ccrstant CeC ¥ elevation during vwkich expired gases
vere ccllecteds 5+C ml tlood samples vere «collected via a

catheter inserted in the antecublital veln fricr tc exercise,

at rest, during the last 3C seccnds cf each 2 »inute vcrk-
—

" 1cad accorfliished, anc € nirutes post-exércise. +ll sasgples

were aralyseu fcr DBRH, lactate, FH,y and:heratogxit. The
sensitivities ot the LEF anc lactate assai%#ﬁered¥reviouély
deterzined tc be within stanaard ueviétlcns ot 5.1-ﬂ®and 6o
% resfectivelye. The lactﬁte values weére used tc determine
the anaercbtic threshcld (A7), defined as the filrct exerclse

X
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stage pricr tc thkat at which a sigpificant accurulation in
blcad 1actate.uas‘apperent, for . each subjecte. The V02 at
this fFcint was defined as threshcld cxygen écnsunption
{TVOZ}. _ - »
pecause ©of tle rerorted vide 1interindividual varia-
iiqns ir absclute unigs ct DbH at rest aﬁﬁ their effect on
subsebqght exercise values, the enzyre activitles uere.ex-
pressed as ¥ Festirg [EE. & Pestifg CEH wvas plctted'against
VCZ fcr eachk wcrklcade. Frem this graph, tre DEE activity
ver interpclatec at VCZz eguivalent tc 5C, 70, &0, 90, 100,
and 105 % 1vCz as well és at rest apné at the maxiium vcrk-
lcad achieved, that 1s the sorkload during whilch the gubject -
vas €xhaustedes The T[Fh activity was alsc interholatgd at
‘oryger consumpticps eguivalent to 5C, 60. 70, 60, 9C, and

160 %¥0z - Tax.

¥ith regjar¢s tc copparing the respcnse of LEH to ex-
arcice retween the trained and untrainec subjects, DO slg=-

aiticant differences vere determiped letween the two Grcups

~

beth when the results were reported relative to the anaero-
bic threshcld (3VC2 ra¥) aro the masizal cxygen ccnsuppticn
(%voz rax)e Trerefcre the data ¢t the twc Qrcups were
- pceled tc test the CEE resgcnse at each_exercise intensitye.
Piasra DER values . were cnly significantly elevated alkove
restirg levels at the raxistm wvorkloac achieved ard 1C0 %V¥C2

rax. kelative tc the F1 {3ee. %TV(Z)}, 2 siqnlflcaht plassa



elevaticno uaé afrarent between the values cobtainpned at the
maxirﬁt scrkloaé Echieved and those at Eg;t, .50 %, and 70
%TV02. €irilarly, the fcoléd data at exercise Irtensities
relative tc vC2 nax (l.e. %V02 max) deucnstréted eignificant
differences between éhe DFE values cbtained at 1CC.§V02 Rax

ard those at rest 5C, €C, and 70 ¥VOZ maxe

Thus the recults shcwed that the flasma DEH increased
'significantly atcve restirqg values with exercisé cnly in the
pccled (Trairec ¢ Untreined) data but not 1in the individual
Grcup aatas ke recults also indicated that crly maxipal
levels c¢f exerclize jprccucea’a EBE resgcrnse significantly
greater thar rastina values and that cnce a modefaté exer-
cise 1ctensity wae reacked {Le.ese 70 %VC2 max) the DBH re-
”s;onse sas nct statistically distinct frce any higher inten-

3ilty.

In ccnclusion, 1t appears that the DEH respcnse tc
ccotinucus prcgressive exerclse was rct csigriticantly éif-
ferent between tle tralned and ' untraiped groups.' Also,
plasra [BE dces rot appea2r to be a= sensitive ar 1ndex’ct
acute syppathetic changes as other previcusiy stucied param=
eters such as heart rate and catechclazines. |

v
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Chapter 1

TRE PROBLEN

1.1 IMEQRUCTICH

with tte pecrularlty cf fitness and gass partidipatior
1p chysical activity, 4t has becorme clear that exercise 1g
teiny ircresgs.naly used as a2 stress ty rany people. PMuch cof
the werk attcipting tc cuantify exercicse as a stress las 1in-
veived the tezsuretent ¢f catecnclarines eilther ir the urine
{Fi2rce, Fuurat, & Ferry, 1976} <cr in the blccd {Bovley,' ~
1%7b)e Hcwever, other bloechemlcal paramgters, such as the
respense ¢f serur enzyres (Faman, Gcheen, Fattcn, £ Raven
1977}, have alsc leep used in tne elucidaticn of e€xercise as’

A SEtLESSa

[cperiue-F~hydrcxylase 1s an enzyme ¢losely associat-
ed with cateclolarines and its '‘release into the circulation
durlng exercise hes Leen suggested tc retlect the level of
gyerpathetic ‘actjvity curing physical exértion (Benne;t,

Kenp, & Wilscn, 1973)e«' The advantage of vsing frlasma dopa-



w1

tize-F-hyircxylese ratter thap catechclaslnes tcC deterwine
~hanges 1n syrpathetic activity in routine studles wculg be
1ts lernger talt-life and stabllity i the bloode. As vell,

vth€ epzyde ecsfseye fer ccpanine-E?hydtcxylase are less cos-

rlex tlrar fcr catechclarines.
%,

Tae IchCDE;_Cf catecholamine: tc a tcut ¢f exerclise
ir a tratrcec sState les Leeh CcOCumERLEC (Eartle? et al, 1572a
apa 1972t; w.nler ot al, 1973). hc:;ver little 1s krowp
afcut the exer=ize resternse cf icprasine-E-Lbydrcxylase in re-
laticn to the f2t.e:e cf the indiviaual. Such‘inférnation
weblld be jpjpcotert te essess the usefulness cf this plasaa

emzyné gy a @23slTe ¢t the changes irn sysrathketic activity

gurinc exertlcne.

wher ccrrfaring treirea and untraineo ;ndividuals. pct
oLly mu=st tte'maximél cxvcen consuppticn (¥vCz max) tLe con-
slcered, tut alsc the-fcint wnere fhere {P an jocrease in
blccd lactate. -The rise 1n lactate 1s acccrparlied by a rise
ir mipute ventllation and velume of e;pired carbtcn dioxide

- : . .
drop in pHe 7The lactate re=-

t¢ ccorensate fcr the 1rtendiuq
stcace afpears tc bé dqe to anaerchicsis since thelincreased
ecergy requirezents cccur at the sage time as & pcssitle re-
ducticn cf suscle tlcecd flcw, an increased recruitrment of
fdst teitch muscle filres anpd a decééase in the utilizat;on
of free fatty acids (Skinner & Hclellan, 1680). This refer-

ence frclnt has been termed the apaerchbic threshclad (Kinﬁer-



mern, 1379). Tteretcre, when prescribing equivelent rela-
tive werklceds tc subjects ct Qifferent titness levels, cne
shculé take i1atc acccunt. their - apnz2erctic threshclds ané

suitably acjust the intersities. This prccedure is appeal-

L

irc Gue tc the subtaxisal nature ct the anaerchic threshcld,

etlch prcvices 2 raferernce fcint f wCcrk intensities other

than trhecse Ielative tc the highfie 1E;ensity asscclated with

the V(¢ raxe.

1.2  BRIICKMIE

Pgb ctuldles Lave teeﬁ conducted tc ccEpare the'et-
fects cf au acute tcut ¢t exercise cn plasma dorasine-B-hy-
drcxylese activity Lletween trained ana urntraginec sutjects.
tlanz €t al (1974) clateec sraller ircreases in plaswa dopa-
mine—f—hydrcxylﬁ;e qctivlty 1n trainec sutje;ts in respcnse
£t¢ €Xercise. wirth 203 colleagues-(1980) o0id nct demon-

e
strate any chance in flassa dopasine-E-hydroxylase 1o elther
JTCUE . Getfen €t al (1975) fcund that atter four monthe of

training, tlte elevatlicn ct serun cdoparine~E-hydrcxyylase with
I

eYxercise wae greatar than tefofe tralrninge.

Frer the findlngs 1n the atove studles, it 1s appar-
ert that furthar 1nvest1gat£9n~1n thlis area is reguired. It

shculo include ar exercise protoccl which prescrites eguiva-



' X
lent’ wscrklicac 1rtén51ties to both traiped and untrained
%rcups. Tte pcrceng ot raxilal.oxyqen ccosuspticn has been
the traciticaal leaébre.of relative intersity cf exerci;;
ana is ta;ed cn the meaxirur aeroblic perforrance ct each 1in-
dividaal. 1h; a;eerétic thresh:ic-can alsc be erfplcyed as a
llethcu cf ecuatirc é:e;cise lotensities  as 1t 1is relatea tc
the stresses iwpcecd cn the physiclccical ane metabcllcésys-
tERS Tne anaercktic threshkold is a sulbmzxiral frarcaseter,
which 15 arn acciticnal reference poin; tc ﬁercent cf zaxizal
CYXYyJer Cecnsurfticre. Further investigaticn prescribing werk-
lcad intepsitles relative tc the anaerctic threshcld as vell
ac the maxipal cxysen ccrLsuepption wculd séke it pcssible to
cttaip a clear=ar unrdercstanding of tte exerclse respcnse of
plesra-dcjar.re=-k~hycrcrylacse ia trained .and untrained sub~

/

jectse

1.3  SIAIERENT CE THE ERQELER

The fFrecent ctucy attempted tc ccrpare the response

of rlasea ccparine-E-hydrorylase tc exertion of the same
S , -

relative intensity ltetween trained and untrained rpale sub-,

'jECtS. C/

B sut=-prctlens ¢f this study was tc determine the sen-

sitivity cf the ciaspges in doparmine-E~-hydrcxylace activity
?’a »

with verying exerclse irntensity regardless cf the fitness of

tte subject.



1.4 HIBOIHESIS

It wes HYFthesizea {hpc there is nc-'difrerence it
the élevaticn ct rlassa dcpatine;s-hydrcxylase activity hem~
twean traines apc untralired: male subjects 1in réspODSe tec
eculvalént':elative €xercise intensities as detersined by

thelr araercbic tkreshclds.

1.5  LIBIIAIIQNS

- s,

There are se§era1 tactors‘ that restricted the inter=-
pretaticns ¢f the reselts cbttained in this investigaticn .
Urceptrcllatle varlatles such as genetlcally detereined ba-
szl rlasma ocratine-E-hydrorylase levels and zaxiral capaci-
ties tc exercise ierpcsed such limitationse. Treadeill run-
ning»‘has' pertérled' in thils study because tre trained
subjecte were selected frem a greoup cf experlenced runnerse.

. . 1
This say bave limited the «coamparison cf results tetveen the
rAl
LTesent stucy and previcus work vhich was rertormed prigpari-

ly on the ticyclee.

17c fasilierize the subtjects with the experipental

prccedures, thkey rparticipated in. an crientaticn sessione.



Restirg levels cf CEH in the present study refer tc the led~
als cttained 15 ominutes icto a resting period following

catheterizaticn. These resting levels may ~nct te the sawme.

‘

as thcse cbttainea 1c cther studles.

%1tk regarcs tc the celisitations, &2 study vhere the
subjects wculc bave trained over a pericd cf tise would have
been very usetul in deternining the etfects cf trainoing ob

-
the Jlasra cc¢renire-E=-byaroxylase response tC €rercises’

hcwever time ccnstralrts rendered thils apgprcach lepractical
as aﬁ initial investlgaticne In the present study, only twc
relativel?’snall qfcc;s of trained and untrained =eale gub-‘
jects,.uhcse rance 'In age vas rCather rarrcw, were esployed.
These dellaltaticrs «on stliects anc¢ grcugs restricted thg
ccrnfloent irterpclaticn and extragpolatior pogsitle froe the
nata. Therefcre i1t was nct possitle tc ccrclude that hueans
beycnd the experirertal parameters characteristic tc this
study will respcné ir tle same manner to a bout cf exercisé.
Fipally, vercus tlcco szrples may not have been'tcfally rep=-

resentative cf " tte changes that occurrea at tke carpillary

level in the tilssuese



1.6 DEPINITION OF TEBES \

Az anaerc;;;\}treshcld, determined as the first exercise
staqge prlcf tc that at shich & -significant accupulation

ir tlccc lactaete 1s arparent.
wA: catechclazines.
LFH: Ocpamire—-E=rycrcxylase (Eelelel18a17aTe)e

-
o

£22 epineprrine.

-

PT filress tzct twitch suscle fibres.
w
Fla fitres: fest twitch cridative mutecle fibres.
k
FIp titresz:-fast tvwitch alycclytlc suscle tibres.

NE: pcreplnephrine.

% Fe2stipg LEk: [cparine-F=-hydrcxylase levels exprecssed as a

rercent cf the resting valﬁe.
FMMT: phepyliethanclazine M=rethyltransferdse {EeCeZe2e1)e
kNA: ritcnuciclc acid,
5CG: sutericr cervical garglions
SKE: syspatletlc rnervcus syster.
ST titres: s«low twitchk puscle fibres.

TH: tyrcsine hydrcxylase {(FeColal8.1€a2)e



T¥C02: the cxygen consulpiica at the apnaerockic threshold.

Ye: kincte vcluse exrpireé,

e

~ Ve(0Z: Veluge of carten clcxide expirede.
. ) . . J N . .
¥(s: cxyger ccnsurcticne. ‘ )
¥vCZz e2x (isxir): Apsclute mzxizal cxygen ccnsuspticn,

VCz say (elyxasrirn):  rorxizel oxyjen ccnsuxption relative tc

tcdy welibte

-l
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Chapter 1I

RBEVIEW OF THE LITEERATURE

. .
1c cttaln £ clearer understancicg c¢t the relation cf

dcpasine=-E-Lycrcxylase (LFH) tc erercise, 1t 1is ecssentlal tc
irvestiGgate 1ts jrcrerties, synthesis, aca appearance iotc
trhe circulaticie L[EFF 1c 1nvclved in the Liosynthesis of ca-

4

tecnclaglnes and a;scciatec with thelr lievels 1ir the circu-
leticne 1rerefcre, the characteristics ct epinephrine (E)
anc pcretinephocine (NE) blll“Dé'in;luded ir ttis revieve. As
«€¢ll, sher ccmraring cifferent inaividuals with regards tc
2¥€rcise, the L€latlive 1ntensity ot exértiqn should te cch-
sicarecs. Fer th:; reescn, the prcduction cf ia;tic acla and
1ts relaticr to the ataerckic threskold (A1), wlilch can Le

used as a2 smethco of e€ecuaticg relative worklcac ictepslties

ir differert subjects vill ke exarinec.

»

In this fespect{_ the review cf literature will be
ccnprieed ¢! elght éectlcns:
1. Catechclasine tiosyrcthesls ana the functicn'of DBH.
Zze Inoucticr 2pd regulaticn cf catechclanine apd en-
zyme syrthesice - -

i. CEH 2nd reurctranseitter storage -and release intc

1

the circulaticn.

1

4, DbH a> an ipdex of =ympiathetic activify.

s |



£, ircductic: ¢t lactic acid.
te Arnaerchic threskcld.
7« The irfivence cf exercise on flaswa catechclarines.

t. Lciemine-b-hycrcxylase ard €xeIlClSe€.

2«7 CMIECPCLAMINE\PICSYNTHESIS AND IHE FUNCIION OF DRES

1

-

The towrwey afc the Fltes cf catechclarine btilcsycthe-
51s. alcrg with the Treferties of coperine-E-hydrexylase will

be 14

{]}

cverec Ln otre fcllcwirg - ocartagrapbte Tbis is to fro-
vice .laCk3CCLTZ infcrraticrn for ferttrer reviev ¢f the et-
tects ¢f =tres= ¢ cetecrclamiases acc the tlcsyrthetic en=

Zys2cs.

The synpthesls &rd releas2 cf catechclarines occurs 1t
adrenerqgic tissves. Ttese structures can re classified un-
der twc nair csutcivisicrts (Flaszchkko,1973): (1) Pdrenerqgic
neurch:, tcraartnafqic €T gotarinercic; . fcunc ;aiply iv .
péstéanclionﬁg cyspattetic ffbres and 1n the cgntrql ‘nervous
3yetéfe. Tre anires Teach cnly thnose excitatle dhits that are
1£nervatec ty tkes. (2) Chromaftin cedls; fcuré railaly in
the acreral medulla c¢r singely outgiae the adreral glands,

the azires servinc as hcrecnes.



Catechzlauiaes are synthec=stized frce tyrcsine 1np a
rathway 1icvelvira fcur enzymes: (1) tyrosine hydroxylase
(TE), (2) DCPA-decarhcxylase,. (3) aofparine-B-hydrcxylase
{LEY), (%) rherylethanclamine Mepethyltransferase (PKET)
(hx2lrcc, 1977j.' in adrenerqlch reuvIcrs, 1t afrears that

'séae atine is fcuns 1o the cell bédv an; 1$.transpor;ed‘doun
the axcsa tcwards thre. eraings bty axcnal flcw (Elaschko,
1573). FEcwever tle rairn site of amine fcrmaticn is in the
verichery, < ¢r neer thke rerve enaings (Elaschkc, 1973).

A;yrcs:ns rycrcgylase is the rake-lizitan enzyﬁe ct the ca-
tecnclagine tiosyrthetic pathway (Axelrod,1977) and changes
ir ¢nzyre ectivities, particularly cf TB will affect the
raée ¢l aEir- syrtheslc.

-

It the cetectclzoine blosyntnetic pathway the func-
tlco ¢t dCpeciaé-b=hyCcrcrylase (Felelel8e17ee) is to hy-
:;cxylate ccpe~irne cr thé E-carton tc fcrr ncreglnephrine

(Axzelrcc, 1572). ’EEP 1% a copter ccntaining enzype charac-
tertzed as- & tetreTeric glyccprotein with 2 rclecular weight
OI-ClCEE te 290,000 (gcsentazg 5 Io;enterg, 1680}« Each subu-
nit nat'a chacclar velght neﬁr 75,COCjand the.éarbchxdraie
\ccitétt 3t Lusan [3H 1z a;prcximatélv Y3 % (Fosenpbkerg & Lo-
venberq, 1%E8C). Cxyger ané ascortate are required as co-
iacﬁczs 5t tne rezcticr cztalysed by the enzyre (Fusp & Gef-
ten, 1;:0). 1The enzyre lacks specificity aand can E-hydrcxy-

léte a wilde variety cf ptenjlethylaaine derivatives loclud-

10g tyrarine end -ztrhetazine  (Geffen,1574). Since



dcpasine-8B-hydrcxylase (DBEH) catalyses the synthesis of oc-
tcpanihe trcon tyramoine, thié gEoduct can be used to deter-

mine tke eqznze activity (Nagatsu & Udenffiend,1972).

2.2  INDUCTION ASD BEGDLATION QF CATECHOLANINE AND
ENZINE SYNIBESIS :

N

‘Catechclarine synthesis 1s 1nduc§d by stresse This is
aecessary since with increased release during 'stress the ca-
~techclanine sufrrly 1in aérenerqic tissue must be replenished
arag Eaintairec. The time 1lag cof catecholamine synthesis
fclicwing strese end the rcle of TH and DEH will_be examined

iu thils secticto.

4 large dcze cf :eserping is kncwn to deplete the ca-
tecnolarpire stores in the sympathet;c nervcus systerm (Carls-
3ChL, 1965} Norterq and Hasberger (1964) found that after
tctal depleticn'py reserrine in the rat, the first reappear=-
- arce ¢t flucrescerce (1.ee catecholarine) 1in the cgll Eody

cccurred at 12 hcurs andg nearly reached resting levels by 48

hcurs after adeministration cf the druge The terminals on the
¢ ,

other hand shcwed weak flucrescence at 48«72 bhcurs and re-
covery tc rcughly Eb{mai*\QESénsity required several dayse.
Jarlsteot ard Dalblstrcr (1%72) observed that RNA ccntent in

N
gangllicn cells seemed tc te maximal 24-48 hours afte; reser-

rine and the maxiral arcunt of ncrerineprhrine stcrage gran-

-_4"12-
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5u1es acc&hu}a{éd-abcve ¢ nerve ligaticn during thé thire tc
Icurtgﬁday. :bt11171ng continuous ccld exposure fer YV, 7,
z1, ér 42 cdeys Kvetnansky (1971) dJdemonstrated a decrease 1ip
adreneal epirephrine. of rats after cne day but returned t¢
ccntrcl on the subszeduent ocayse Adrenal norepinephrine vas

‘unchangea after cre- day Lut increased afé@r 7 21, co©r 42

Ja¥Se

-

The abcve :studles previde evidence that syrpathetic

nerve stirulgtilcn causes an accelerated enzyse ard cateche-

-

lamine =YLt

Js1s and & tire laj 1s aprarent tefcre cceplete
restcratiqn ct neurctransritter cccurse Stch a tilre lag ray

De exrected™C. cccur fcr the following reascns: (1) 1if the

ircreasea syﬁtresis ¢f cremnule rretein 1: depepdent upcD
lrcreace 1n &NA.ccnteni ct Ehe cells, then FEN} elevation
shcule frecede the Increase qranule froteins including
‘DEH (raymire et 21,157¢) {297 s¢we tire wlll e reeded for
the packetirg of 1f%te}ns into granules (Jerlstedt & Cahlst-

tco, 1972) ara (3) =scre time 1s cconsumed for the tramsport

ot the fcrmed jranules now synthesizing catechclarines Gown’

the dXOnSItC the tefminalé'(aar;stedt £ Dablstrer, 1972).
8 ’ .

Increased catectclasine synthesls 1s dependent'cn the

activities cf 1its synthesizing'enzymes. The centribution of

tyrosine hycroxylase ano dcparine-B~tydrcxylase will Le dis-

cuesede.



It hai‘ reen.éencnstrated that 18 activity increases
1r adrecergic tissue vie tvo mechépisus: (1) inducticn {(Co-
sta et al,197u3 Zigiond 6 Een=-Ari, 1977; Chalazcnitis et al,
1560) and (z) activaticn (Zivkcevic et al, 1974; Prasserano &

weiner, 1979; Salzran £ Fcth, 1980). Inducticn cf TH activ-

ity hes beer skcwn tc cccur fclleving Lrief fpericds of,

electrical =stirvlaticn ot rat supericr cervical ganglia
{Zigmerd § Fen-kril, 19%77) and pregacglicrolic cervical trunk
{Cralazcritiz et sl, 15€60)« The Increase 1in enzyre activitf
car Le tctaily acccuqte% f$or by an increase in the nurber of

'K wclecules ia treﬁ;:hqlicn (Zigrona et al, 1§58).

The z2ctivity <¢f TH 1z - syspathetic g;nglia has alsc
Deen shcwh tec ircrease fclloving rrrclcnged expcsure tc
steeseful ccociticne such as expcsure tc cold fer 7 and 21
lays (Evetnehsky €t a%, 1971), adrinistraticn cf reserpine

Cfter 4 - successive days (Jc} et ai, 1973} ard 3 hcurs of

fcrcea imacrilizeticn. cn & consecutive days (Falkcvits et -

al, 1975).

1he gfeccnc xechanisu responsitle for increased TR ac-
tivity 1s activaticn cf the enzyme. It has beer shcvn that
ircreased reurcnal actlvity brings agﬁut an 1ncreaée in the
affinity ct 1TE té tyrcsine and co-factcrs {(Fustocs, Rcth, €
Hcrqenrctﬁ, 1976} ,thus increasiog 1ts activity aod ip turn
erhancing atine s#ntrésis. Studles have indicated that ac-

tivaticc ¢t 1H sey Lte mediated by a2 cyclic AME-dependent

o



proteir kinase reacticn whicn direct}y rphcsgberylates "the

eczyre (meirer et al, 1578; Masseranc £ %einer,1979).

The‘rapia activaticn of TH during nerve stipulaticn
1s thcught tc play @ rrizery vrole 1o maintaining the releé-,
N

satle ncrepinertrine stcres 4in adarenergic reurons during
sustained activity (Weirer et al, 1978). Thus the short terr
reguldticn cf a:I;;—;Ekmation prevent= depletion o¢f neuro-
‘trancultter (ulaschkqfigA ) On the othe; hand 1lcng terr
regulation ¢t arin= synxhcsis 1s mcst 1ike1y brought about
by_tcriafic: cf rev e€nzyre ®solecules (Zigmsond € Chkalazeng-
tis, 1579). Cf 1irnterest, exercis; 15 a stress that probakbly
atfects toe synttesis ctf catecholazines via the Increase in
thte levels c¢f enzyne acy¥ivity. Since the amcunt cf catepho-
lanline ;eleased gdgtring -xs&thi exertion. increases grieatly,
ttese zecharisms ere 1ikely reapcnsitle fcr short and long

tere requlaticn ¢t tre nevrctransaitter Sugplye.

Increases ir tle levels of enmzysatic activity are not”
restricted tc the rate liriting enzymze tyrcsine hydroxylasee.
Other enzymes irvclvecd 1n thte Etlosyrthesls c¢f catecholamines
are alsc increacsec (Fess et 21,1978; Chalazenitis, Rice, &
Zigicrd, 1%80). LEH 15 also an incduciktle erzyeme (Mclinoff
et al, 1970: Kvetpansky et al, 197%; HMclipcif et al, 15723

.Chalazenitis =t al, 15€C). Lbh inducticn 15 syspathetic neu-
fchs ernd acrenql glands cccurs wunhder the sare stresses acs

erployed it TH 1rpcuctico, that is after reserplne injection



(Fclincff et al, 197C), <cold exposure (Kvetnansky et al,

1671) and electrical stimulation {Chslazcnitis et al,1980).

CEH is synthesized ir the parikaryca and tfansported
in the synaptic veéic]eg tc the nervé encing cf adrenergic
ncprchs (Sgith, 1579;: Korin,1979). 1The induction of L[BH and
THE 1) agrenergic tissves arpears tc te mediated by a transy-
naptic process 1ip which acetylcholine exerts 1its influence
or the ©pecst=-syraptic nicctinic feceptors (Mclincff et al,
1672)s Ir the adrenal glards, the increment in TB acfivity
can fé'prevented ly tlccking these receptcrs or ty severinq
the =planchr1c nerves (CGuidottl & Ccsta, (-1973. Guidotti,
Zivkcvic, Lfeiffe:, £ Ccsta, 1973). Chalazcnitis (19804 dex-
lgnstraked that rrecarglionic nerve -stimulation acts cnly on
tke picctinic receptcrs of the pOSt-ganglionie rembrane and
ir turn causes @ tise ir DFH and TH activitles in the rat

SCG via an increase 1ir their rates cf synthesis.

;

“'et“ajffi.i}g%c’ has presented a model for stress

ipcucticn cf ' catecholarire enzyme 1in the adrenal medulla.
Tre inauvctlicn 1= mediated ty 2 transynaptic precess where
acetylcholire releasec¢ fror the 1nrervating neuvrcn stimpu=-
lates the nicctiric recertcrs to activate adenylate cyclase.
This induces the 1ncfease ‘cf cyclic AKF during the first
miputes of strecss, vEkick in turn activates cytcsci cyclic
AME-dependert (cr pcssitly independent) prctein kinases. The

catalytic sitbunit of rrcteiln kinase ray translocate to the



pucleus ard 1nitiate mEN? synthesis resulting 1n elevated
catechclamine enzyre synthesise. Waymire (1579) presented ev-
ldence cf a similar prccess occurripg in  the REULGCNE. Ip
thig case cyclic AMF elevated the levels of TH and DBE 1np
cultured rouse netrcktlastcra and aphincreased prcduCtion of

mENA may be cpe ¢t the steps necessary fcr these effectse.

»eurcnal end tLcrmonal regulaticn cf adremal L[BH 2and
PNMT irn the stress respcnse has beep pcstulated (Clarznello,
Wccter, & Axelrctc, 1976:.:C1aranellc, 1980} Under stress
sltuaticas, kcth sr]anchnic.heuronal firing and pituitafy
BCTH secreticn irncrease (Claranellc,158C). The accelerated
nerve tiring stirulates the adresal cortical and medullary.
chclinerqiq\ recerterse (Ciaranello et al,1976; Ciaraﬁel-
1c,1980C). ACTH-nediated glucocorticcid fgrocducticn in the
ccrtex may te facilitzteo ky cholinerqgic stipulaticn (Clara-
nellc, 19¢0) while ir the-wedullary cell, inducticn of cate-
chclanmine enzyre syﬁthe§is occurs (Mclincff et al, 1870;
hvetnansky et 531,1971). 'Increased certical §lucocor§1coid
prcaucticn results ir synthesis of S=~adencsyl rmethlonine
(sanf and ascecrbate, stabilizing the medullary enzywe
agalnst intracellular ‘treakdewn (gluccccrticoids inhibit
proteclysis ¢f thke enzyre) (Clarapello, '19E0)‘ Thus the
syrthesis cf the catectolarine enzygmes 1s 1increased during

3tres

1]

and s+oultanecusly thelr breakdcwn 1s slowved.



»

2.3 DBB AKP NEUROTRANSMITTER SIQRAGE AND RELEMSE 1IFIQ
TBE CIBRCULMTION

In this secticn, the storage c¢f DEH and poreripeph-
rine in adrenergic tissue »lll be[ discussed as well as the
mechanisms ry whkich tley are released and appeatr 1n the cir-
culaticn. Several charecteristics c¢f [BH in the blooc, 1in-
cluding twerty-fcur kcur rkythe, interitance, @and the e?-

fects c¢t jpathclcgical disorders on 1ts levels will ke

menticned.
I
/"'

sycrathetic neurcns contaln twe types of pcradrener-
gic vesicles: (1) large dense-cored vesicles (70-€Ehm diape~-
ter) (z) saall denéﬁ-ccred vesicles (-U45nr diameter)(Getfen
E lLevitt, 1971; Eff?h»&Qf@).DBH and ncrepineph;ine have teen
pceitively identifded in the large vesicles hcvever the def-
inite ccopesiticn of the small dense-cored vesicles, which
-ccrprise a large, cften predcminant part off the stcre for
ncrepipephrine irn tﬁe tercinal variccsitles 1s nct Kkoown
(Scith,1979). Although it 1= not universally agreed that the
enzyne 1s also asscclated vith the sraller vesicles (%einsh-
1ltour, 197t), Geffen (1974) malntelns that tcth large and
srall granular vesicles contain DBH and norepineptrine. The
large vesicles release Fprcteins (i.€. LPBH) and the small
vesicles release transritter. Exocytcsis appears tc be the
mcée ¢f trensmitter ané protein release fror the vesicles

(rxelroc,1672; cefotter et al,1969).  Spith (1979) has sum<
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rarized the viess abcut the'events it the terminal variccsi-

tieé cf a sympathetic neurcr follcwing the arrival of an ace

ticn pctential frcr tke cell ‘body:™

(1} apd (2): The large vesicles are assembled fros their
ccostituents in tﬁe cell tody and arrive in the varico-
sitles fchcuinq tas£ transpert aleng the axcne

(3) _iarqe vesicles secrete proteins'and ncrepiné%hrine by
€XCCCytCcsise. |

(4) Héabrane cf large vesicles 1= converted 1ntc smpall
cceted plts.

{5) Ecatgd.pits tLué frer plasma sestrane tc give ccated ve-
sicles wshich beccre electron-luscent small vesicles.

(6) Electrcn=-luscent srall vesicles take uUp or syntheéize
pcrerirephrine and beccme spall ncradrenerglc vesicles.

(7) Alternztive possitle nmrodes of srall vesicle fchagion;
either ty ftudding frci spmooth endoplasmic reticulusw cr
ficssicn cf 1ntact large vesicle.

(8} Snall fesicles release thelr ccontent eilther by exccyto-
gis or by tcrring a tight juncticn with plaswma mepbrane

(9) Emrty small vesicles are recharged with rorerinerhrine.

(16) Eopty svall vesicles are wulticately digested 1n pultl-

vesicular bcdiese

It stould te ncteé that 4in nerve organelles atout 8C
% cf the DEE 13 1nsc1ut{e (lagercra:tz, kirskey, & Klein,
1674). Inscluble DBH appears to be a wmajor constituent cf
the mertrane prcteins for which the ferm chromomenbr;n ie

n
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.
(]

uced (Blascbkc,1973). LEH is. present as a porticn of the
fracticrc aesignated as Mchrcmomembrin A" (Ninkler,197€). The
cceplete scluble centent cf the vesicles are releésed during
axccytcels (BlgSthkc,ﬁQ?B). This includes the trarssitter ae
wvell as thé itchrcycgfanins" uhich are the soluble fractions
of vesicular rrcteins (Pahlstrom,1971). DEH is the dcmipant
p;ctein in the =sclubtle ptase of the nerve vesicles iLager-

crantz,197€).

teverai studiles (Fcldes, Jeftrey. Prestcn, et al,

. 1972; FEortragl, wirkler, & lochs, 1972) have found that the

rciecular size , erinc acla compositicn , co-factcrs, kinete
tce cor 1rnurologlical 1centity are very similar 4in soluble

ara kcund tcres ct the enzyre.

CBEH is stcreé 1inm veéicles ¢t the chroemaffin cells
aleng with ncrepinerhrine 1in the adrenal sedulla (Wink-
ler,1976). The rrccess c¢f release ot protein (DEH) and hor-
nghe (NE) trom clromaffin célls is sipilar to that 1in neu-
rcns, that 1s via exccytosis (Vivercs, Arquercs, & Kirshner,

1968). Upcn lysis cf crganelles fror the adrenal medulla in

'Hypotcnic redia, atout 56 % of the DEH 1s semtrane-bound and

SC % is scluble and released (Schnelcer, 1972[. This cce~-
rares tc 86 % cf the enzyme being irscluble 1ipn nerve orga-
nelles and ray bLe due to tbe higher ¢frcpcrticn cf rembrane
vcluse 1n these se¥ller partiéles i.es neurons (Elasch-

KC,1973)e (atechclarines and macropclecules released frosz

- 20 -



the adremal sedulla =aprear to be clearea equally well intc

the circulation (Geffern,1974).

CBE 1s present ir the blood of iamnalé including rats
ard hurans {(Weinskilbcus E Axelrod, 1$71k) and is primarily
derived frcox the firing of perirheral syspathetic npeurons
(weinehiltcur & trelrcd,1571a). ‘This is supported Ly Noth
anpa Mulrow (1976) whc fcund that DBBE activity was ccsparable
1n'd,adrenalectcmized Fatlepts and 1p 41 normal volunteers
But were very lcy in & patients with severe dlatetic neuro-
pathy. ¢tlanz éno Planz (1579) founc that 1n ncreal human
subjects tasal tplases LEH activity in adrenal vein blood
(seuprarenal veir) vas as high as 4n the periphery of the
circulaticn (1lizc vein). Thie indicates that TEHR which is
stored in the chrcmaffin cells of the adrepal medulla 1s'not

released intc adrenal tloode.

Femcval c¢f the adrenal gland or the adreral reduvlla

dces rct recult 1in a sigrnificant decrease ip serug [BE ac- -

tivity in the rat (Welnstilboum & lxélrcd,1971a; Weinshil~
bcum, Kvetnansky, Axelrod, & Kopin, 1971}. Treatment of .
rats with g-hydrcxydcrasine (Weinshilbtcur & Axelrcd, 1971a)
or guanethicine (Grobecker et al,1977) which destroy syxpa-~
thetic pnerves 15 heart and spleen and nerve tersinals re-
spect1£ely result 4o large reductions of serum DEH activity.
These results ape ccrratitle with the conclusicn that 5
large part.cf-;he serum TBH activity criginates frce sympa-

tetic nerve terrinals and nct the adrenal redulla.

- 21 =-



Since LUBF 13 2 large protein, it should have diffi-
culty ir passing thrcugh the membranes of tﬁé\hf;od vesselse.
There 1s evidence that the enzyme depends on the lyaphatic
Syster tc reach firculation {Aberqg et al,1974; FCSS eiAél,

1974; HNgai €t al, 1974; Geyer et 2al,1577; Velasguez & BAlex-

apaer,1%79).

Velasquez (1979) dercnstrated that carctid artery oc-
pluslcﬁ ir racbits resulted 1n an irncreased 1interstitial
lysph CEH aro ncrepinephrine levels. A tize lag vas present
before they peaked in tte plasma, 'protably due tc a delayed
entry ¢f nrewly released ernzyme and cateckolamlne 1pto the
blcodstreas. Ngail (1974) fcund that syspathetic ctimyulation
ir dcgs resuvltec ir an increase .An lysiph flcw pcssibly due
tc ap locreese 1o the vclum;‘of lycphe The "tctal lyzph pqp
output® retlected the TL[EF released intc tte }ylftatic sys-_
ter, hcwever the . amcunts ot'DaH present in the lymaph were.
tce small tc procduce =significant alteratioE 1; serva. LBH ac=
tivity. In Aberg's (19%&) study L[BH 1s presepnt 1pn humarc ™
lyaph 1n-co;centtaticns arrroximately cne third that of 5;"
ok VR The ratic cf LEH activlty‘in lyeph and serun u;re po-
sitively ctorrelated LFut 1t wvas not tpossible tc deterrine
vhether the DBH 1ir blccd was derived frex lyerb or vice ver-
s2ze Geyer (1977) later squested.tpat the DBE released fror
thé symp;thgtic reurcrs 1is nbrzally delivered to the géneral/

circulation via tte lyerphatics and alsc rapidly reclrculates

through the 'lymphatics.



Cf interest, there 1s no kpncwn tunction for CDBE 1in
tﬁe biccd (Fush & Getffen,. 1980).££e enzyre 1s guite stable
and dces not lose 1£s activit#-fcllcuing prclonged exposure
of the serur tc ICOM teEperature (Esﬁel et al,1978).Helss et
al (158C) ra;e dercnstrate€d that storing frczen tlccd sam-
ples tcr up tt twc yesrs , and that thawing and refreezing
thtez ¢éc nct affect the DBH acti?ity. The activity cf the en-
zyke 1s precsent in the plaswa but nct in the cellular €le=-
mepts-cf tte pblccd and there 1is no aiffzrence Fetveen the

seruns and plasma when heparin is used as the anticoagulant

{relnsnilbcur & Ryxelrcd,1978)e.

1t hes Lbeen 1irdéicated that DBH activity in human
blccd has a twenty=-fcur Lour rhythe with 1its activity being
lcwer at night and bighest during the day (;an Cauter &
Hgndlevicz, 1976).' hPs well serur DEH values in noreal sut-
jects are auite stable cver leng pertods cf tinme (Heinshii-
tous & Axelroc¢, 19771t; DMagatsu £ Loenfrlend,1972; Horwitz
et a1,1973; Ogihara & Nugent,1974; Llamprecht, Andres, & Kc-
pin. 1975; Grant et al,197¢). The levels of the enzyme are
lcv in pewbcrsns and increase in mcst subjects by several or-
ders cf magpitude during corecwth and develcprent (Perkulova &
Lczovekii, 19793 Vinceat,1§80). Lamprecht (1975) =shcwed that
.the levels cf DEH vary w»ith age but in older adults the lev=~
cls c¢f the enzyme activity remain copstant over imtervals of

UF tC ES€veDd YearsS.
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ctudie: reasuritg husan blcod T[BH fkave eeplcyed dif-
ferent assay rethcds. It is therefcre 1gportart to recog-
nize these .varvirnog rethcds when cceraring cata frcm indepen=
dent sthdies.' Ha;atsu ard Udenfriend (197Z), using a spec=
trcphctcmretiic ‘getkcd ;1th tyrasmine as substrate fcund ‘a
rapgé ir humar flésra CEE cf 3=-100 umcl/min/l. Felss et al
{1576), usinc the sarte rethcd, cbserved.a similar range ot
0-79 uescl/rivn/L. Cn thke other hand Planz and cclleagues
(1975), usin§ a ccupled radicchesical assay vith tyrarlne as
substrate fcurd huzan gflasre THH to range in value from €€

tc 092 neclyz20 ndrn/rle.

It 1 <clear frce the above values that the normal
level: cf LEE 1r bLuman placssa 1ay varj by several crders of
magbltu@g l¢tweer individuals (Planz, & Falm, 1973). Sever-
al 5tu51;5 Ltiiyzing sitling and twin pairs (rcnc- and dlzy-
jcta) tave estatlished that huran flasca LCEEH 15. to a very
significant <xtert jeretically determinecd (koss, VWetterterg
'& gyrhed, 16733 Levitt & Mendlewlicz, 1975:' Helss et
21,15¢0)e Examireticp ct the Jdistrituticns of enzyse activ-
Lti2s in large pcrulaticrs has incluced a sutgrcug of 3-4 %
with very lcw DEFE enzymatic activitye. The crders cf magni-
tuue differerces in the levels of enzyme activity amcng in-
dividuals ard theé trelt of lov activity is inberiteé in a
3ipple moncgenlc :}etdellan) fashicn (Weinshiltcum et al
»1975; heiss et 21,1960). Subjects with GEfy*louiplasna ac-
tivity chculd be excluled from studtes where charges in DBH
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leveles aristc be cetermined because ct the difficulty in the

assay of such srell arcurts cf enzyee.

The levels ot LFF are affected b#_sevéral discrderse.
'aypertensio;;-renal, cardicvascylar, neurclogical, gsychliat-
r:é, tccplacsnic ard erdecrine diseases‘all have an effect on
the LEH levels 1r huzans (weinsnilbcur, 1978)e. It 1s there-
fere irrcrrtent it reccgnizing disorders, besal plasza enzyre
levels, the fun:tv -fcur hecur fhythl, the age and genetic
ctaracteristics ¢t *he subjects uhen.pcmogenecus sarples are

recuired fcr testlinge.

- .
2.4 [ER AS MN INDEX QOF SYMPATHETIC ACTIVIIY

Tne cotectclarines released durlng mass syspathetic
1ischarge are c¢f extrempe value during acute physical exer-
ticn (Kranercuhl, 1575). 1Tue resu;tant.physiclcgic changes
will Le disCusseE,in Secticn 2.7 The changes in the clrcu-
latinq.levels are well dccumented anag shoy -that catechcla-
nires (especlallf ME) cen be used as ap 1ndex cf sympathetic
acfiyity. hcwever, "urcn release intc the synaptic cleft;'no-
repinephrine is ‘eutdject to rapld deqradation Ly sonoamine
oxidase and catechol;c-methyl traﬂSfetase {Geyer, Schanberg,
& Kirshrer, 1677} butﬂthe same has nct Leer observed-;or DER
(Fush't Getfen, 19¢C), which has teen fourd to ke released

tegether with ncrepinerhrine from nerve tersipals in a simi=~
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lar prcportice as it is stored in the large dense-ccred ves=-
icias (Samithk & wirkler, 1972; Wocten & Cardon, 1973). In
‘aaditicn plasra LEH is sore easily peasured than norepineph-
ripe (Iseki €t ai, 167%92a) and has é lcnger biclogical half-
life in the circulaticn (Axelfod, 197235 I-u.sh & Geffen,

1960 )

Frce nis cstudies, Planz (1973, 1974, 1975) ccncluded
that acute increases 1p syrpathetic activity-in ©man can be
detergined precicsely ty reasurement ct the rise in TBH ac=.

L .

tivity 1in rlasmae

Cther «clirical stucies. have <ceronstrated fhat DBH
Levels in plasna are ircreased vhen there 1s stimulation of
the SNS {(Takishite €t al,1977; Iseki et al, 1979t). Howvever
the magritudge cf the changes of the enzyre levels are spall
'uhen cchipared uitr taseline levels ot LBH activity (Hcrvjitz,
1973). Az there are scme {ndividual variaticns .1n plasma
DEEK actﬁvity, it i1s ncre sultaple to exasine the responses
oi4the enzyre tc stigull than to sioply recorda the basal ac-

tivity.

) . %
The randgrip isoretric exercise studles of Leon et al

(1974), and Cagltara and Nugent (H97u), acd the bicycle er-
gcueter stuocy of hirth et al (1380) concluded that DBR could
nct te used as ar index c¢f acute sympathetlc actlvity. FHow-
ever, cocunter tc these authors, the Lody c¢f the literature

has demcnstrated that acute stress mediated through exercise
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of sufficlernt intensity Oces result - it a significant eleva-
ticn ¢t plasma CEH. Irn addition, the intensities ct exertion
ir the regative studles were probably notr sufficient to .ele-

vate the seruer [FF levels.

kortnagqli et al {1%7¢) studied patients with variocus
dis2ases cheracterizeo ly prolonged cveractiviiy cf the ENE,
1.¢s reag injuries, tetanus and multiple 1njurles. It vas
ckservee tlat suvstaipned 1increases in MG a:d/cf F levels

\ .

vihich werc Lresenf-rcr ceveral days cr veeks, vere assoclat-
a¢ with a gracual Jdeclirne Iir plasca L[EH activity. Thg authcr
sugjestea trat thle decline in DBH activity wacs a fesult cf a
Jepleticrn ir releasatle ec;unle DEH frcr the rerve vesiclef.
It was alsc irndicatec tratﬂtbﬂ activity estimaticr shculd te

acccorrarlies by ccaccpittant mecasuresent ¢f catecholamlnes

fer meeningtul - irterrretaticn ¢f the results.

-

hoth apd Mulres (197¢) and FKopln (1979) are of the
ofFinicn that the strcra senetic deterrlnant of the levels of
plagaa [EE nake 1t citficult for 1ts activity tc te eaplcyed
tc dEterc:ne':cute charges in symipathetic perve activity
(ﬂctn £ %=piicw,167¢; ¥crirn,1979). Acccrding tc Kecpin (1979),
tlasre levelé ~f L[I¥ zay bte usaful as a genetic marker for
scue oiscrcers anc cay retlect, ir a single indivldual, pro-
icLjed chat¢e= it the level of syspatbetlic nperve aEtivity.
Tle fpresence " cf large amcunig of -circulating CPH coupled

‘witn a lcry Gtidclegtcel "half-l1fe 4n flesra (welnshil-
: ‘ 2



Ecuz,157¢) -cuid [ecuire a large change in the SKS tcne cver
a1 long pericd of "tive tefcre alteraticcs in plaske [ER could

pe detected (Gever et al,1677)

The exercise studles (Section 2.8) have demcnstratéd
that C[EH car Lz & accurate index cf acute increases ino sym-
Datnegic activitye. Cn tte cther hané, rprclonged sustained
overactiviiy cf the SAE results 1p a decline‘cf restinq
rlaswa [EH, crctanly due tc a depleticn cf the sclutle en-

2ym2 1. the neCve Vesicles,

2.5 PEQDUCTION CE LACIIC ACID

[iftereat metﬁcds have Dbeen empicyed in crder tc¢
guantlfy tne intensity ct exercise as aqreasurq cf ptysical
stress. Fercent ¥C(2 max (kEktlom et al, 1568: Cost1ll,.Thema-
scn, £ bhcterts, 1¢73) and heart rate (Hunter, & Critz, 1971}
heve Leen used 1ﬁ this way to eguate exercise Intensitieés
betweer incividualse.  Fcre recentlt, the anaerobic threshold
(E?ﬂ has Lbtecen tcund tc be etfective 1in equating relative
wCcrklced 1nten51£1es tetveen subjects (Kinderrann, Sison, &
Keul, 3975) since 1t takes intc ccnsideratilon the oxygen
ccosuryticn at the Ffpcirt where there 1s an accumulation in
blcod lactate (Wasserrar and Whipp, 1975). This point (AT)

cat be detersined aguite accurately by cbtaining serial blood
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lactate&samrles Cufinq thysical |exert1cn {Relohard et al,
1973} éticr.tc 2 mcre detalled dilscuesico of the anberobic
threstecld, the rfrcducticn of lactic ﬁcid during exercise
will te reviesweu sirce 1t rlays a qajc: rcle in the determi-

neticn cf thke tnreshclca

Cne ;étniay the muscle uses tc.produce ATE 1s anaerc=-
bi; 7lycolysis. Thir wvechanisr is igpcrtant vhen oxygen sup-
plies are inaceovate. TLe substraté the muscle ufilizes for
araerctic 6f;cc1yaié 1s stored glyccgene. The ' glu-
ccse=6=fhesprate resuvlting fren glyccéen treakdcvn is cxi-
ji1zed tc tws iclecules c¢f pyruvic acld in the Fathvay of
Glycclysis. hhen'cxyqe; is net sufficient the hAﬁFZ produced
ir giyceclys:is carnct transter its 2B tc the Trespiratory
chalip tcr cxidative rhesphkecrylation. As vell the pyruvic
acid rclecules cenncCt €rter the‘mitcchEndrf% to te cogplete~
ly oxicized 1in tle Krelb's cycle. To get arcund thris problesn,
pyruvic acic car acceprt 2 hyﬁrdqens frcm NADHé, freeing NAD
ara fcreing lactic acid. lactic acld precducticn thus allovws
glycclysis to prcceed vfen.hypcxic conéiticns in the musclé
cell retarc Earbz c¢xidation in the wmitochondria (Arm~

3trong,1979).

Lactate detydrcaenase (LDH) 15 the enzyre responsible
fcr the catalysis cf the reversible conversion of pyruvic
acidi tc lactic acide The productior and reroval cf lactic

acid are irfluenced bty the content c¢f I1DH in the sarcoplasm
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¢t auscle f1£re§ {skinner 6 'Mcla2llan,1980). LK can be pres-
ent as heart srecific (E-LCH) cr suscle specific (M-1DH)
1;czvues where P-IDF facilitates the reduction of pyruvate
tc lactate, whereas K-LLE favours the cxidation cf léctaté
t¢ oyruvate fcr subsequert utilizaticn in the FEreb's cycle
(kaplan € Fye:se,1972: £jcdin, 1976). Studles by Tesck, £jo~-
din, acd Karlizscr (1@58) and Karlsscn et al (1978) have fre-
sented evicence that tast twitch (Ei)‘ ruscle fitres are
chtaracterized ty greet tctal-LDH activity and a high grogor-
alcn c¢f FP=1IH wkile:slcw twitch fibres {(ST) have a predcmi-

gerce cf Hd=-1Lt.

The procducticr ¢f  lactic aclo 1is’ also influenced LYy
catechclamines eard glucagorne. Glycogen phcspherylase in the
iiver 1s "activated bty E and NE to break down glyccgen tc
gluccse whilch enters the circulation tc te carried to muscle
bartley,1975). PFuscle glycogen phosphcocrylase is also af-
fected by epinephrine ano possibly ncrepinephrine via beta

adrencceptors (Hiptrs-Hagen, 1972), bhence with lncreased con-
P _

centrations ct thése bcrmcnes the rate of glycogen breakdown
in liqer‘anc tuscle sheould 1mcreagé\fhart1ey, . 1975) « The
ccncert:atdcn‘cf glucagen in thz blced 1s kncwn to increase
during prolcnged physical exertion (Galbo, Holst, & Chris=-
tensen, 19795) 1;?Erder tc paintain khe blocd glucose level
ccrstants. Luring exercise both E anag NE secreticns into the
circulaticn are 1rcreased. Thus, 1t 1s pct surprising that a

ccrrelatiop between CA and lactate during exercise in husans



has teenh dercnstrated (Fequignot et al,19&0}). This 1s 1n
line with tlre findings that beta~adrenergic blockade reduced
tbe plasia lactate levels in running dogs due to the 1nhib-

1ticn cf ~suscle glycccenclysis (Issekutz, 1978&).

Jorteldt (197C) has suggested that FT fibres fproduce
lactate durlaoy activity and that, sisultaneously, the ST fi-
bres:take up lactete frcor toe blood:as well as directly fros

tte F1 fibres fcr”cxidatjcn. Tesch et al (1978 and 1980)

concluded trat FT fltres are better than ST filres at fore-

ing lacfgge.because cf their high total-lLDE and M-LLCH activ~

itles. hé':éll, lactate fproducticn vas rel?ted to the rper=~
cent cf FT fitres rresent (1esch et_a1,1986). It acccrdance
with Jecrfelce (1370}. Fcrnen et al (1973) clserved a mcderate
relaticnship (r=(.54) Letveen the percent ST fitres of the
humah vastus laterallis and the lactate removal rstes frem
the tlceds ThiZ g¢rctatbly reflacts the high capacity of ST

fitres tc cxidlize lactate due to 1te predcminant H-LLIH con-

terte.

lurirg exercise, there appearé tc be a preferential
recruitrent of syecific nuscle fitre types (Skipner and
Mclellan,19¢C). Secher et al (1976), Essen (1%78) and Thow~
sen et al (1979)_fFostulated that glycogen depletion pétterns
during exercise tcllcw Quscle fibre xecfuitment. During
werk at low intensities theére is a prisary reliance upon ox-

idative fibres (l.2. 31 fitres) fer ccntractile activity and
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that a sajcr vse cf.pnaerctic fibres (l.es FT fitres) 'only
cccurs at ligh werk levels cr vhen the aerotic ‘fibres are
depleted cijélvccqen during prolonged 1lcw intensity vork
(Armstrcng et al, 1574). The fitre tyte recruitlénf is
prefetentigl rut nct exclusive. Ebr exasgple, 1t 1s probable
that curinc intecse shecrt-term exercise the predcainant fi-
bres recruited mtay te F1 tut that ST fitres are prcktaltly fe-
crulitea as wells The duration of exertion 1is shert enocugh

tkat little glycccer 1c depleted frcn the ST fibtres and thus

dc nct arfeel tc e recruited..

Turiry exercise btcth intracellular lactate production
ard lactate releese Irncrecse (HacLouqéil,19?7). Parked dif-
tgrences Eetweer skeéletal ruscle anc ticcec 1§ctate concen-
tfatic;s aqurirna téavy exerciée'bave Leer observed, ﬁeldn-
strafinq a ccncentraticn gradient ftrcer the =©zuscle tc the
blcod (Karlescn,. Diamant, & Saltin ,1968; Karlsscn,1971).
Lactate fcrued ir the ruscle during crercise is released at
lcw and mcderate bérklcaos tut accurulates in the tissue at

_h:avy wcrklcacs sher thte rate of for¥ation is high {Jecrfeldt
Lé{ al,197&6). Thus there 1s a levellirg cft of lactate re-
lease frcer exerclsing ruscles with increacsed puscle lactate
ccncéntratrcns. rfter the teraination ¢f exhaustive exer~
cise, the lactate cantent cf blood ccntinues tc.increlse anag

rTeaches a 1peak atterws—u eiputes 1ntc the r;gcvery pericd

(Sahlin et al,197¢; Hermapnsen & Vaade, 19773 Tzankoff et

al,197%).



2.6  ABAERQEIC TBEESHCLR

There appesr tc te three stages c¢f physiclogic and
metabclic ckarges accecrpanying exercise ﬁrcgressing froa lcw
t¢ maxigal intensity (XKindersann et al, 1980,  Sfkinper, §&
“clallan, 1950)' Thece stages will be discussed, follcowed by
the detiniticn ¢t tle anaerobilc threshold andé 1ts prcpcsed

use ip equating e€xerclise intensities between individualse.

As tle levels cf 1Ev intersity exercise increase, a
gre3ter amcunt cif CXxygern 1s ertracteé froe the blccd by the
werking tissuese. This Tesults in a lovwer fraction of oxygen
.1ir the expjred air (FeCZ2) and a.gteater amount of CO02z 1g
prcducea and expired (FeCCZ) as -well (Skinper & ¥clel-
"Lar,198C). Cbservea curing this stage are linear increases
in oxygen ccnsu;pticn (VOES and heart rate (HF) (¥Fasserman &
Whipp,1975: Kindermarr et al,1979). Little cr nc lactate 1s
fcrmed during tris stage and aerdotic metabclism 1= primarily

——

involved (Skinner & »clellap,1980).

With furtbet.increaées in vorklcad intensity, a non-
linear Increase in rinute volume emgijed (Ve) .and iinute
volure of  carbtcp dicxlde expired (VeCGZ)l {Wasserman &
Hh;pp,1975), an increase in Fe02 without a correspcnding de-
crease 1n Fel02 (Clcce £ Campball, 1569), rlus a rise in
blcod lactate freom approximately'Z recly/l (Kindermann et
al,1979) are okserved. This initial rise in blcod. lactate

/
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dces-rect tesﬂlt iz a drcp in blood ¢k (Felnhard, Muller, &
Scheulling, 1979}. Ve 1s increased tecause cof the stimula-
ticn c¢i the respiratcry center by éhe bigkter levels of CC2
ana lactate. : higher VeCO02 results frcm the comtined effect
of the elevated Ve ard blcce lactate ccntent (Wasserman et
2al,19€67)s Therefcre, this stage is characterlized by a rise
in blccd lacta£e sithcut an accompanied fall in fE (Relnhard
et al, 197¢%) Fecause the impending setaktclic acidesis 1s
ccLpersated Qy the 1ncrease in VeCOZz cwing to buffering by
the bicarbcna;e cyster [wasserman & Whipp,1975). This second
stage «can te terwed "cowpensatgd retabtolic acidcsis®™ and
blcod lactate can gc up 'tc about 3=-4 recly]l before a drop 1in

.pP occurs (Feinkard et 2l1,1579).

V02 and HF rise linearly with ipcreasirng Irtensity tc
atout €5-90 ﬁ ¥(z rax lut at mear taxifél vorklcéds,u both
begin tc plateau (Skirner & McLellan.1980).N'Fap1d increasgs
in blccd lactate cccur at 1intensitlies which ralse the 1e§e1

.abcve 4 gocly]l (Kindermann et al, 197%9). Ve increases fu;-
ther ana & continuoué rise 1n VeCO02 is observed in an at-
terpt fc ccrnpensate fer thé large riese in lactate; FeCO02
tﬁus declines while FeC2 ccntinues tc¢ rise {Skinner & Mclel-
lan,1980)« Irn this stage, the rise in blcod lactate 1s ac-
ccmpanied_by-a tall in tlcod pH and can ke termed "™uncompen~

sated retabclic acidesis™ (kReinhard et al,1979).
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The term “anaercpic threshecld™ (AT) has been utilized
te descrige the cnset of both compensated metabolic aclidosis
" (Felnbkard et al,197%) and uncompensated setabolic acidcsis
(Kindermanrc et al,1979; Skinneﬁ E Héb@llan,1980); For pur-
pcses c¢f this =study, thte former point will defined as the
énaerccic threshclde At this point the lactic acid produc~
ticn in ske}eta] ruscle 1ncreases and diffuses intc tte clr--
culaticn, resulting 3in ncp-metabolic prcduétion of carbon
dicxide which =serves as 2n immediate ventilatcry stipuluse.

The lactate respcnse aplears to be due wmainly tc anaerobio-

0

4 since the lpcreased energy regqulresents occur at the
sare tire as a FfFoesitle reducticn c¢r ccclusion of muscle
blcod tlaow, an increased recrultment .cf FT fibress which are
better suited for anaercbic glycolysls, and @ decreased uti-
lizaticn cf free fatty acids_ (Lteee aerocbic wetalolism)
{skinrer & kclellan,1960). Dua to the stresses 1rpcsed on
tle rphysicliogical and metabolic systecs, t+he anaercbic
threstold can be us®Ed &= a method ¢f equating an individu-
al's exercice intensity (Sady, Katch, & Weltman, 1980). As
well, reople with differernt capacities fcr. vwork can exercise
at e2quivalert intensities -when the workloads are determined
as a prcperticn c¢f the apaerobic threshold (eg. 8C % of the

~

oxygen consuckticn at the AT).

It i better tc define the A1 in-terss of VY02 tharp
wcrkrate, ltecause the BT ccecurs at the sage VC2 inderendent

of the duration of the vork ircrements (Wasserman &



w
Whipr,1675) used in the testing proceduré. ' As a matter of
ccnvenlence, the V¥G2 at +the anaercbic threshold will be
termwed "TVCZ™ in this reviewv.  ¥bipp, Koyal, and Wasserman
(1974) stucied subjects who perfcormed cycle er§oreter exer=-
cise with 15 watt increments tc exbausticn. Thé duration of
each increment wzs Co0B8s Ce17s 0425, 0e5, 150 or 4.0 mip-
utes, «<ach being ranccaly afﬁ&dneﬁ tc the subjects cn dif-
terent dayse. It was fcurd that both V02 xax, and TVO2 were
independent of tke wcrk increment duraticn. OCn the other
hand the saximal workrate and AT peasured ip watts bcth de-
creased expcrentially as the increment duration increased.
[t was concluaded tnat tke duration c¢f increments dc nct ap-
preciably atfect V02 max cr TVO2, but that the AT in vatts

1e cverestinated as incretent auraticn decreases.

masserran et al (1573) cospered lactate and bicarbo-
nate changes tor 2 1 and 4 minute workload incremental test.
The magnltuce ct the lactate 1increase and tlcarbcnate de-
crease sere leses fecr the 1 miaute test than the 4 mipute
test., However, charges from contrcl values cccurred a£ the
sare werkrates Eased cn Wasserman (1973), 2 2 minute vork-
lcad 6ur;t1cn is 2 gcou cemproalse Letveen a duraticm that
i tec shert to get an  eccurate ererclse response and toc
leng to preraturely erd the test due to fatligue. The‘lac-
tate diftusicn fror the working muscles +tc the vascular
space tdhike from 2 miputes tc reach péak values at lover vork

~

intensities to S rinutes at higher intensitlies (Skinner &
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Mclellan, 1980). 1r addition the VOZ reaches steady sta£e
within 7-3 riputes at lcwer workrates and progfessively lat-
Aer at higher wsorkrates (ﬁasserman et al, 1573). - The assump-
ticn cap be wade that the delay ip lactate to peak 1n the
blcod and V(2 .tc reach steady state would coclinclde even 1f.

tke subject was rerfcrring &t the next stage.

Weltgan anc Katch (1579) demomnstrated that VC2 max is
related'tc the TVL2. 1Ipaividuals whc ranked high in V02 max
ccrrespendirngly ranked tigh in the 1VvC2. Rccording 'to Mac-
Dcujall (1977), +the AT cccurs at afproxirately 55 % of the
VCZ max in the typlcal untrained subiject, 75 % in the physi-
caily active ncn-endurance athlate and at a level 1in excess

of BS % VCz wmax ir the highly trained endurance athlete.

It has been dercnstrated that the AT 1s inpfluenced by
erdurance traininc (williars et al,1967)}. Sedertary males
«hc trained 45 riputes rer day, & timés a week for 9 weeks'
shcwed an increase in their AT of 44 % vhen expressed as abe
sclute vC2 ana ty 15 & as expressed relative tc VC2 pax
(Davis.’?rank, ¥hipp, E‘Hééserman,1979). In 2 recent study
{Sédy et al,1980), tvc grecups of ovérweight females trained
onh a ticycle ergcueter U4 tiges a week for 8 weeks. The high
iptensity grocup trained at a level atcve the cnset of meta=-
bélic acldosls (l.es RT) ccrrespcnding tc 80 % of thelr Vo2
maxe The lcw irtensity grcup trained at #0 % V02 pax (l.e.

below A1) The rain finding of this experirent was that the
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ipcrease in 1V02 was in the high iptensity grouge AFFarent-
ly a gajor eftect ct trainind intensity ts to ircrease the
arount cf work which 1is pertormed aerobicall% befcre the cn=-

-

set ¢f retalbclic aciccsis.

Sady (198C) feels that one nusi‘train abcve the level
of metabclic aciotsls {i1.e« AT) in crder tc cause changes 1n
the TVCzs hcsevef, Facicugall (1977) presents evidence that
leny duraticn sub=AT treinieg elevates.the anaerctic thresh-
0ld as w2lle COr the cther hand, Kiccermann (1979) néinfains

thkat - the cptiral 1lcac intensity tecr erndurance . trairing

skculd te in tre racge c¢f the ccopencated retatclic acido-

' I's
sise Under these ccnditicns there . is a high stirvlatior of

the oxidative zetzbcliss in skeletal ruscle cells, wvith cnly
1ittle use reinc rade ¢f rechanisrs that would lead to lac-
tate precoucticn. It is pcésinie that apy trairimg which
leads tc 'an increace 1ir the- capac;ty of puscle to cridize
PYIuUvate anc fatty acids'uculd result in an elevaticn cf the

-

anaersbic ttresbcld (FacCecugall, 1577).

The traditional mreasure of exercise 1nte£sity 1s the
259 ¢t worklcads r<lative tc V02 max (l.0. %¥C2 rax)e Eow—
ever the use cf the anaerchbic threskcld as a peasure of ex~-
erclse iptensity 1= ererglng. At thg present, 1t appears
that studies wusirg hctl parameters vwculd ;resent tﬁe test
methed cf measurirg tlhe intensities. Py emplcyirg bcth pa-

rageters, the 1ptensitiez can ke deterainec relative to both

a raxiral (v0z rax) ard sutpaximal (AT) reference pclint.
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2.7 . THE INELUENCE QF-EXERCISE C¥ BLASNA Sliﬁﬁﬁgllﬂllﬂﬁ

The influence ct- catechclasines oo setabolisz 1s wide
In racge anc beycrnd t}e-scckg cf this review. chefer back=
grcuna 1nfcrmaticn‘§nrthe various etfects ot catecholamines
will te [Lecsented. The 1ompertance c¢f exercise as a stress
whtich scéifies tle levelz ¢f both E and FE ir ghe circula-
ticn and tﬁeir relaticnship o tbélintensity cf tre wcrkloagd
.anc areercbic threzhcic hill.be revieved. Ihe'changes in the

cetectclarine resycns€e tc exercise due tc trainirg will alsc

pe investigatede.

Catechclarlines =stimulate alpka and bteta adrenergic
recgptcrg tc mediate trelr effects (Harris et al,1965). In
general algphe adrencceitors are‘ assoclated vwith vasocon-
stricticn arnd bete adrencceptoré ¥ith vascdilaticn, pcsitive
cardiac 1ﬂetrooic and chrencerotrotic etfecté. increased me-
tabolise, q;y&cgenclysis and 11pol§sis (Turner & Bagna-
ra,197b)} borefpinephripe primarily cstimulates the algha re-
ceptors and epinéphrine crerates thrcugh bcth alpha apnd beta
recertcrs (lefkcwitz,197€¢). Therefcre epipephrine increases

oxyjen ccosumpticn, lipclysis, and lactate and pyruvate prc-
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ducticn® by activating beta adrencceptors (Harris et
al,19€5). Epinepttiﬁe as' wvell elevates the bloocd sugar by
increasing the‘rate ct glyccqenoiysis and gluconecgenesis in
the liver (Felig & wahren, 1975; Turner & Bagnara,1§76) by
stinulating the bteta receptcrs (Arnolé & Selbris,1968; Elg-

gius et al,1978; lIssekutz,1978).

Ecth epinerFrine {E) and ncrepinephrige {NE) are
fcuné inp the btlccc. Fcst-ganglionic adrenerdﬁc nerve endings
are krncwn tc sSecrete NE while the. adrenal medulla secretes
bcth F.and MF (Guyton,1971). In man, erinephrlne accounts
fcr arprocximately 75 rfpercent of the adrenal 'secreticﬁ, NE

fer 25 percent, @althcugh the relative propcrtions change un-

der various physiclcgicel ccnditicns (Krahembuhl,1575).

ME sefreticn arpears to be related to physioclogical
stress, c¢r the arount cf work attempted by the organis;,
vtde E secreticn seers to te more directly related to men-
tal stress and erncticnal response {Daniels & Chosy,1972). As
the ercticrel 1nvc1vemeﬁ£ incraases, E sgecreticr from the
adrenal sedulla increacses (Krahenﬁﬁil, 1975). Dimsdéle and

a——

Mocss (1980) found that plesma E was greatly elevated after

putlic speaking (exmoticnal streés! vhile NE was noct, and
that the q;pcsite vas c&prarent after exercise (physical
StIeES)a tFierce, Rurpgrat and Henrf (1976) studled wcne;\
athletes durirqg tralring and competiticn and fdund a rise in

the urinary levels cf NE following training sessions and
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ccepetiticr. The levels c¢f epilnephrine in tte urine hovever
vere =ignificantly ‘ticter after ccr¥fetiticn than after
traipming, stggestine tret zpntictpaticr of competitico 1-;05-

] .o

. -
e a Reéntal ztresc cp thre attlete.

'Tte cesree' cf elevation ct ;lasgﬁ cateckclarine due
tc exercise 1= relatec tc the wirklcac Iptersitye Stucles Ly
Heqqgncai €t &1 (19?C); Vctchegﬂg; al (1571), Hartley et al
(19722) ar3d weltc -t &l (1575) thave Cetermired that-Mg lev-
€ls 1LCIedSe TCrE T2¢3CL.y 2t sccxlcacs atcve 7C=-75 % vdz raz
then telcw. Cr *a- (tfe<r racl, sigriticact e€levatlorns <f

) s
apgear cnly tear T.0% VCI egaxr. At texiral irterslties, ME

v

gs fcura tc t- elsvetec zarfrorisately ¢ fclec abcve resting
values, whille * Increasec & fcid 1p trtese strcles.. Fovever
the ateclute zzourts cf wE a2t maxieur {3.2 ogyml) were zuct

jreater trar b (L.4 rcrsrl). _

"Lavies et &1  (%¥574) fcurc ttet tlke charge irc CTh 1s
Clcséiy releted tc circulatcry =trecsc apc Trela2atlve epercy
-
expenditure, =xpressed ae a percent c¢f V€2 sar. Thus sitt
._larger CXyTen reﬁui:enent zrriny sSreced exercise, e€levated
cirzuleztcry a2justrents u&c:ated ty arn 1locreased symrathetic
iocpulse flow resitlt 1n & rise in <circulaticg XNFE (E?éqenﬁal

a

et al, 197C). The rercertage cf Nt whiclt woulc escare lrac-
-7 '

tivaticr atc reuttake rectarises in the syraptlc cleft weculc
LOCT€as€ alsbIcbeTIticrately at sigher werklcads and overtlows

iptec tke riccz (Facecenmczl et 21,1597 0; Fianz €t 21,1575},
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The atcve studles imdicate that the dispreopeorticnate rise. 1in
NF may Le related tc the angerobic threshcld. - Thke AT is in
the vicinity cf ec-fc ¥ ¢f the ¥02 rax of the subjects énd
it i1s pear thesé soTklceds that the risge’1ir Qf becores .:ost
3} farect. Tress elevateé levels of‘plas;a catechclarines say:
he a tfactcr ‘t the Tise ir tlocd lactate OCCuriﬁg near these

verk intersities {i.e. AT) since a relaticnshif tetween CA

iarc loctate irccucticr hac been dexcostreted (Feguignct et

@hc 1+-pcrs>» c¢f C? tc exercise 1= considerakbtly mcdi-
1€l ty trein:nze Hartley et 21 (197z& anc 1¢72b), Fennie et
11 (167%), Ccusireat (1677), anc wWincer et al, (1979} shcvec

that &r &LCUT3aLCe tralinine effect 1s asscclated withk a

~lunticc cf =r> ceteckclzrice respcrse tc €xerclse, =c that

vy
el
[al
[

zzes ip tlassa F ard M are sraller curircg sulmaxisal

1 . m

2yerci=e Cc1 tle sere JTelative aad aksclute intensities fol-

lcwipg a treizitc jrocgrarce. Fer exasfple, wirder (1579)

JEROLEtTAtEC ihat ticycle erggmeter wcrk at ©SE % V02 max
fcilcwirg 7 weeks cf trelining elevatéc the plasea ME tc T.55
zs/2]l cecoparez tc ler? ngral béfcre ccrditicrirge. Simllar~-
1y, ® increzsed¢ cnly tc (.42 ng/el atter ccapared tc (.€&
2es8l refcre trairicce ks well at &5C Kg (sutmaziral exer=-
zise), in tctr situaticrs, F. and ME were significantly lower

N,
atter tte Cctditicninc rericde. Y



IeFlanc et al (1677) cbserved that NE perfusion.in
t{ﬁlnea sutjects caused a greater ircrease in plasrpa glucose
tkazn ic untralned subjects. As well, blcca lactate was found
tc locreacse cnlylin the untraLneﬁ csulbjects. Elcce et al
(1976) fourd that tle rise 1n blooc ‘gluéose ;QEggntraticn
was gucl greater 1a athletes than 1in non-athletéé after 16,
24 ané 3z pinutes ct Lticycle/exercise at respective vcrk-
rates ct 45 %, 6C ¥, anc 75 % raxicuz. The rise 1n lactate,

J-J
ryIuvate aLC aleblne were lcueE ir tbe trained sclijects. As

we¢ll, -f. 2-crecr- t1 tlesma  71lycsrcl anc free fatty acids
weIs TuCh “le-tel .7 tte cirleot3s. Trese retaetcllc responses
dETy trzcCsiot .7 witb 1o ser circulatirng Cf levclg in the
rreloel Cycil s "Terisre (1677) a2ndéd Flecr (197€) =uggest

That LLyslCo. tIielnirc Yo LUL3T: LTCZULCES on lacrez2sed fen=
Sit1VIty LI tn: tisslef TC ClIcalatlny ceteclclarlines, eSpe~
cizilv witr Ieia2ICs “t¢ r#ta recetrtcr megjetec =z=ctlcrs such’

L

at ECL1l1zatlcn &rnc uvtilizaetion of suLsStratcse

2.6  DCEANINE-E-BILBOJIXILASE AND ERERCISE

The tcllcwing clscussion will incluce the respcnse cf
DEE tc exercise, 1ts relatict to catechclanlne&,'and finally
the efftects ct treicinc ¢t the «changes cf 1ts levels due tc

ererticn.



TheTe are similarities in the Tresponses cf LBH and
catechclasices tc phfsiéel exertlono. As with ncrepineph-
ripe, the ac;ivity cf plasza CBE has Leen shcvn tcC 1ncreage
ir resrcnse tc exercise (Eennett et al,1%73; Ferwitz et
11,1973; wccten & Cardcn,%573; Planz et ai.1973: 16745 1975;
»&ysanek et &1,1975; Flerrling et ;1,1976: Guillapd et al,
16579} S1r1lar tc clasra catecholamlnes, the enzyre activ;ty
arpears tg te derendent cn the ilpternsity rerforred. Planz
‘(1975i Gescr-trates that during fphbysical exerclise which ele-
vated ctefwise tror 1z.5 tc 100, 20C, and 300 watts, plassz
CFE was rct atfected bty the lecwest workloaa, .but rapid al-
zcst lirear esevetice te 11C, 120, and 13C % resting ieve;s
JCCurred thercafters. Fecoett et al (1973) fcund sisilar 1n-
Creases 1n‘ LFE at wcrklcaads of 100 Watts and Greatere. o
tlanz's stucy, ﬁeak LEE values of 13C % Hesting CFH vere ok-
served zfter tre richest workloaa (3CO ;attsj wkich was
szi1ataireg lcr cre rirute. 1h& 'DBW value cbtalned 5 mlputes
atter thre termireticn ct exercise was nct siqnificantly clf-
ierent trce that cltairec 13sediately after the &éxercise
pcut (Flamz et al, 197%). This suggests tkat at btigher 1in-

tenzlties, atzve 10C watts, the peak enzyme activity car te

41}

ctraiped durins cr very scco after the wecrklcad 1s achieved.

Ttis jc suppoertec ty Ferrett (1373) whe tcund that a reak in

[

erzvre activity ct 17¢ % Festing DEE levels cccurred during

cYErCizé et 7200 metts, cor tonekedlately after exercisee.
kY



tlanz (1975) ctserved a direct ccrrelaticn betveen
DEH activity 2nd the logariths of cafec@glanine (cay the
increase ip L[3k was alzost linear with exerclise intensity.
while th? clcre ¢t the curve for rlasma CA concentr;tion be-
came steeper with increasing vorkloade & possibtle explana-
tica fecr this nay te that at low intensities of work the
seall aecunts ct cateckclaeines released are taken up oOT
qul:k}y degrade«d sc that liittla rise in the plas;a levels
are ctserved. Cn the ctber hand LBE is nct subject tc these
eftects aca the released enzyme appears 1o the circulatiqn.
he well, trere atpears tc te a gcod ccrrelation tetween the
elevatlch ct CBF end rcerericephrirce Ltut nct DEH and erlneph-
rice otring sracdec physical exercise {(Klepping et al,197¢).
This sey rte attribtutec tc the simultanecuys release of DBH”
aL€ RCrepicephrirce frci the nerve terzinals, wvtile mainly

erinephrine ant little LFH is released frce the adrepal Re-

4

iulla. L

Y

In & stuCy DY Frebin et al (1973), treadeill walking
at a sreed ¢f 2.5 rfh ana £.6 %t grade fcr 20 aminutes at an
arblerct terperature c¢f 4C gegrees C elevated the plasea DEH
by arnly V0.3 ». FEcwever, the blocd sasple vas taken 45 min-
utes after the terripaticn Of exercise. Planz (1973 and

1975)  has tetcrted the half-life «cf flassa LBH after exer-

cise tc Le 2C=3( rinitese. Thus Frewin may Lave seen BOre. -

] K
significant elavetionrs 1f sasples had been taken sccner af-

ter exercise. Leca €t al (Vy74) stuoled tie effect cf hand-
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grip “dscretric exercise on serum DBH activity. The subjects
vere asked to sucstaln handqfips at various levels 25 to 100
% ¢f maxizum. Crly smgll 1ncreases 4in [BH activity vere
fcund. Sigilar reéults weTe reported by Cgihara'and Nugent

{(1974). It 1c pecseible thet handgrip, thcugh it elevates the

blcod pressire, 1s nct strenucus encugh tc ellcit a L[BH re-

SECNDSE.

unli?c tre catechclacines, 1little .is known abcut the
eftects ¢t trafning cn tlte Tresponse of DEH.fc €XETCise.
wmirth erd cclleagues (1%C) did onct determine any increase
in plaswa LEE activity 1o elther tralned or untraingd sub=
jects wpen wecraing fcr 45 pinutas cro a hicycie ergcaeter at
4C % c¢f eacn 1ndivicual's previously deterrined xaripal
wcrklcaa (ip wratts). bcwever,. this ucrklaad pay nct have
béen intense <ncugh tc elicit an oltservable respénse. Ath=-
letes exercised crly &t 15C watts and the untrained subjects
at 10C wattse, Flanz (1%73) and Bennett (1973) fourd s{qnifi-
cant elevaticné 1L. the enzyre over resting values at vork-
lcads ct 10C watts or rcre 1in untr?ined sukiects. thE Wirtb
uted crly bcrcerline 1ntenéitie3, ubich ray explain why nc
chanqge 1n LEH was chserved. .To date cnly cne study has coe-
pared the eftect ¢t exercise ca rlasza DBE activity tetwveen
trained'and entrained =subijects (Flanz et al,1974) In this
cas2 1t vas cbserged that the Llncreases in DBH and CA were
smaller in tralrned than. untrained subjectse. Bcwever thé

1
pretccecl and the methcc used to corxpare the tve- -grcups it

- 4E =



this study were nct clearly reported; Ahother study ty ééf-
fer ang cclleagues (1975{ aenonst;ated diverqent-trends in
twc qrcups cf subjects :fter a ‘;raining. perlod of four
1onths. Tte physical work capacity (EWC) 1lncreased 1in bothi
Jrcups cver the training duration, but resting DEF decreased
by 71 % 1in che qrcgp ané increased by 50 % in the other. Ag
vell 1n resfpcpse tc at acute bout of exercise consisiiug ct
a PWHC determination reasured by heart rate resgcnses tc
st@ndatdizec ergcheter workloads, the tisé in DEB was great-
er in tcth grcups after the ¢trainping pericd. LEH was ele=
vated ty 4C.1 ¥ durinc €xertion after 4 months traiping coe-
pared t¢ ar 1%.& ¥ rise Lefore the titness prcgrarme was

tnitlatea. ~ These results dc not agree with thcse of Planz

with regarcds to the rise ic DEH due tc exercise in trat

ang vuntraireo sutjecfs. Geffen =uggested that physigal
training may result ir an 1nduqt1cn cf DER synthesis ading
to an ephancea =yrpatletic response ip fit incividuals. Thig
wculd result in larqger locremsents in serur CEH activity 1in
Cespcnse te exercise after a trainieg regimens The results
of theze twe 5ets cf e€xperiments oc nct fprovide sclid evi-
lence elther vey reqaroiﬂq tne circulating DEE respcnse in
trained anc untreined subjeﬁts or Letcre and after 2 period

of trairlnge.

Ncne c1 the resuvlts were corrected for the changes in
DEE ccncenptraticn cue tc tlood volume changes that accosgany

syrpathetic activeticn. Also the wide range‘of variation 1in
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basal levels betwveen subjects made the statistical evalua-
ticn cf charges it srvall gqrcups very difficulte. Frcbatly the
best ccntrclled studies are those of Planz (1973, 1974, aﬁa)
.1975). whe concludeé that Macute increases in sympathetic
activity 1t @en  can te déternined Frecisely -by leasurel;nt

of the rise in TEF activity in plasea®™.

In viev cf the similarities ct the release c¢f [EH and
catechclasines with exercise stress, it »culd nct Le sur-
prising tc¢ cLserve a sililaf behavicur of the enzyme vwith Ca
ir relaticr tc fltnoescs. Expect2d results wculd Lte that dur-
1ng subsaxinal evercise, a szaller elevaticr cf rlassa CEH
sheyld cccur Arp ijttletes cospared to untrained svubjects
(Flanz et al, 1974). Tkis weculd be due tc the smaller syregpa-

topetic restecnse tc sukraxirval exercise in athletes.
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2.9  SUNMNARY

In sunmhry. LEH 1 a catechclamine bio:ynthetlc en-':

zyre whcse synthesis can te laoduced ty stress, such the sawme
acs catechclaclnece. Mlcneg with bE it is released .ffOI the
syepathetic ferve tercirals to the «circulation vhere it may
S€Ive a< an index cf =syspettetic activity. Tle blccd levels
2f coth DEH ana catechclarines ar= elevated vith exercilse.
(Trainirg 'ts kncer tc lcwer tme catechclasine resgchnse tc
submaxisal erercisee. Fcvever little 1s kncwr about the ef-
fect ¢t tralnlice cr'felative fitness c¢f tpe subject cn the

nlasmsa levels cft [AH. 1The use of the anaerobic threshold as

determicea Ly thte rise 1n lactate 15 ixpcrtant vhen equating

subvaxiwal worklcad intensities between fit and unfit 1ndl- =

viduals. The - tse cf V0. rax wmay te mcre apprcgriate for
hisher wcrkloaa irpternsitlies. By using btcth the AT and V02
iax, the ccrpariscn ct the respoase cf DEH betveer these tvc

grcupe ¢t <cubtjects tc a tout of exercise can be Eade more

accurate anc ceaningful.

- 49 -



F

I

%
;-

Chapter III

RESEARCH METHOL

3.1  IRIRQRUCIICH

1pis stucy vas terfcecrred 1in crdér tc investigate the
jitterence tetvweer treinec and untreiced subjects with re-
garis tc tle actte €xerctse response c¢f plasma dcgamine-E
hyarczylase. Thls chapter will presert the subje;ts. the ex=-
seriszental procecures fcllcwed, and timally the statistica;

acthecds usec to aralyse the datae.

3.2 QFLENIAIION SESSICH

In crder tc familiarize the sutjects‘uith the experi-
zental =etting anc rreccedures, they were cqiiec tc an orien-
taticr meetings The &lzs cf the stuuy:and the methcds tc be
arployeo during the tests vwere explained in detaill. Fach
individval sas then given the oppcrtunity to walk cr run on
the treadslll. AG Lnfcrﬁed consent fcre (APFENCIX E) deli-
neating the aims, prccedures, and risks involved in the pro;
ject was then sigred by the participants.
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: treéirned anc afn uULtralnea grcug, each ccensisting of
7 rale veolurteerse rangits ir age trce 19-33 years.‘.vere eE-
rlcyec it tfe.sttdy. Tke trataed subjgtts vere rlddle-dis~
éanée tunners trcz lccel etrkletics cluts ané vere character-
. _ -
172¢d bty zaxiwzl cxyger cc:su:uttcn; atcve ¢0 xl/ka/ein. The
untraire€a Groug ccrnels-tec ct individuvals characterized Ly
s¢xi®al Ccxyjeh ccnsuspticms «wear ard telow 5C ml/Kg/Eine
They wcie nct necessallly sedeptary tut may have Lteen hatit-
gal ¢r ccceslcral e¥erclcers at intensitles ruch lover ;han
trhe treinea =-urjects. 'The sariral cxyger ccnsumptions of
the twe GLCLPp: WELE ccssistent with thke ncreal data‘present-
ed 1in tle Standercized Test of Fitness (1§79} :anuai viere
VCZ max ¢t ST wsls/kgsxziln vere at the upper ena cf the 'liﬁi—

aua' {averace) <crouf and VCZ max atcve 60 rl/kg/rin were 1in

‘the Yexcellernt® categcry (REPENDIX h).

L2
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3.4 gﬁgcszyag

Twe testirg prccedures wve

mately cpe v»cek Letween eacte. I
dffp=2arec at the lakcratcry 1in

Laqd

state and nct gxercisec for
vrisr tc  ths admlinistratlico of
écnsisieﬁ ¢t & gracec trecadaill
mire tre VC: 1aXe The sutiects
lired ir Tetie 1, all 2t (0%
GTCUFe 4
STACE SEREED (K®m
. TE2INELD
wWaLI=-Ufl 5.C
1 “12.¢
< 15.C
3 17.[1
L TQJEL;’
o z7.C
St 12.C
7 23.C

Tatle 1: Treactill runrning cro

ct +re mwarxizal cxygern

_.52—

re perfcreeq with apprcxi=-

n tcth cases, the subjects
a tvc-hcur post-abscrptive
at least twerty-fcur hcurs

the test. The first test

rurning protccol tc deter-

tertcre2ed - tke oretcccl cut-

grace, accoraing tc their
st) DUFATICN {MIK)

UNTFRINEL
<

3

teC 2
1C.C Z
12.0C Z
14.C 2
15.C 2
TeaC Z
‘

17.C

toccl fcr the deteralnatiocn

CCLELEFtiCche



_ v ' N
The expirec gases were collected during tke last 30
secorcs of each worklcac. AD o©OfLen SYStEllﬂith a tvo-way
valve mcuthpiece thrcvah whkich the expired gases vere col-
lectec intc a Tissct ctaster was used in this situaticne Ex=-

plrea ctxyger anc¢ cartcn cdicxide vere analyde by Gcdart Oxy-

jen apc Carnocrapl (CC2) cas analyzers resgectivelye.

The seccnc  tect jerformed was the deterrination of
tte anaerctic thkreshclce, skhicn also chbled as the acute ex-
ercise cituaticr frco which DBH values were exanmined. A
catneter wa: ipserted into the antecubital vein at the onset

-,

cf a ilftect minute ledrest periode. At tke end of the rest
N 3
pericd a blccc serple was remcved via the cathetere.

fubseguent tc the Test prerloc, the subjeéts rerfornmed
tLe gqraded treacrill runming prctoccl according te their
grcugp as itsted 1p Teltle 2. For reﬁscns previously present-
ec (g 386), the uuréticn cf each workload uas‘set at 2 oin-
UtES e This wes adequate tiepe tor the .collecticn of the
blccd =samples. The gzelection of the 2 minute interval alsc
maae it possible tc use & protocol with wany small 1nc;e-
tebhts tc get nultiple measurements OVErlthe range cf exer-

1

cise 1ntenslties.

/“"\
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PU I ——————— S RSP et et ettt e bt R

STHRGE SEEED (ka/h) DUFATION (min)

- ~

TEATMNED UNTEAINED

waro-uyp Bel _ €aC ‘ 3
o Je5 PN 2
. 12.0 ' 545 2
3 4.5 12.C 2
u 17.0 4.5 ,
5 19.5 1746 2
¢ 32.¢ - 16.C o2
"y 2346 O 15.C 2

Tatle 2: Treadmill runring protoccl fcr the determlnarfon"
of the zanaerotic d;reshold and doubling as the

dcute CXxercise tout.

The e¥plred geses were collected during the last 30 sec-
onus ct each worklcacd in crder tc calculate thé cCIygen con-
suppticn Ol the eifcrtﬁ'f Llood samples were also collected

L * ’ .
derina the last. 3; séconds c¢f each stage and 5 rinutes

post-exerclse. A1l tlccc semples were analysed for lactate,

dcpamine-E-bycrcxylase, pH, and bematocrit.

g,
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3.5 GCLLECTION AND SIQRAGE OF BLOQD

-

ééCh'SalEib‘CCDEIStEO of 5.0 sl cf blocd dravd ttc!“”
the antecutital velr ictc a sytinge via tie catheter. 1.C
ml wars used 1nleuiate1y tcr the pH aralysis nsin§ an auto-
nafep tB/blcce gat ereslyser. 4.0 i ct blcod was placec 1n
A he;arinlz;c vacuta;ner end stcrec on ice uctil 0.5 &l
cculd Le rélc&ea end ﬁgﬁICteinlzeu fcr sﬁhsgquen{ usé iIn the

lactate atsay (deprcteirized samples vere ficzen).  The re-

P

maining 3.5 &l haé tsec n{CL\LulatOCtlt ceterkivaticns and

(3

ceptrituged =c ttet‘thG'FlESBa could Le serarated , frozen,

apd stgrec ter later LEF analysess

}cllcufng‘tne_ ccllecticn‘ot _each tlood' cample, -ar
. . . ‘ . ' '
agual vcluze cf salline (5.C 3l1) vas irfusea 1n crder tc

keep the cetreteI Cat€rt ard e regl&te tte tlced fluid

-

lcste ~Herarin w&s rct usec to_fkeep the catheter patent 1in

& ot

this studyJs

3.6 -DgPABIME-B-BIDRORILASE BSSAY

“_ '[BH'saeJ sesayea Ly the methcc cf kagatsu ard Ucen~-
friend (1972) with tre sincle modificaticn tkat Z.0 sl rathe-

er thar 1.C gl awxpcrius hydrcriqQe Gas usét tc elute cctecpa-

L]

L

mine frcr tie Lowex=%0 ricrccolumn.
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'l- -
To Cetersine the reproducibllity cf the assay, 6 rép-

rliéﬂf&s of the LEH assay \were petfognéd cn‘-a-;estinq blood
sasple. Tke sean value for DBH activity was fcund to be
26.73 urcl/sic/1 with 2 sé%ndard deviaticn'of f:35 umcl/msin/
.l (SeLe = Eé? %l.' This coﬂpanes vith a standard deviation
of 1.¢ % IGI'S reﬁiiﬁaées in iue study performed by Nag&tsu
“ana Uaenfriend (1972). , 1o order to ensure'that the cctopa-
aine prcducticn was due tc L[BH 1in the'théd; ancther repli-.
cate wds gferforsedéd cn a tciled plasga preparaticn oﬁ the®
3ame sarFple. The cﬁtical density for this bolled prepara=-
ticn weec -detercined as («071 {0.6€6 urcl/xinsl) éorpared £0 a
mean Cele c¢f 1.4¢ (2¢.73 usoi/nin/l) for the ofhef 6 répli-

CateESe

Q. hecause‘cf the reported iide rangé cf Interindividual
varlaticn cf DBé activ}ty and that increases in DEH activity
it aksolute urits are correlated with the aksolute resting
levels (Planz.anc Bals, 1973); changes-have Eeen expregseﬁ
ip units relative tc the 1pdividual resting values (i Rest~-

ing CEH)
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3.7  LECTATE ASSAX

t

" 1 ‘ - \ - -
BElcco lactate was assayed ‘bj the Eoehringeﬁ-!anheiié///

. \ . . "
- Bicchesica Test-Ccmbination kit methcda This 1s a stectro-

phctometric procedure which measures the abscrbticn at 350
ns.fcr NADE .forred in the reaction:
. . ’ . -
I-lactat€é + NAL4 ==—==e= --=> pyruvate ¢ NADH + H+ .

To dererripe the rerroducibility of the assay, 6 rep~-

licates of the same tlocd sample’ collected 5 rinutes after

"submaximal tout cf exercise were performed. The mean lac-

tate value was fcund to Le 21.86'ng % uith-a standard devia-

‘ticn €f 1ot mG 3 {(SeLe = €of %)e

3.8  CEITERIM ECF THE DETEREINAZICN OF AT ARD 1Y02

The »T vas.defired as_ the first eiercise stage prior.
. N .
to that at shich & significant accumulation in blcod lactate

vas apparent. ~ Tte cxygen consumpticn at this stage was de~

finea as 1VC2.

Ic deterrire the AT, an analysies cf variance wvas per-
fcrwea fcr each grcup cr the lactate values acrcss the exer-

clse siaqeé. Ttts wae fclloved by a Scheffe pcst-hcc com=

L]
- .

r”
[



T

A

pariscn of the reans tc tdentify tﬂé.first.eggrcise stage at
vhich-a statistically siqnit;chnt'elév;ticn in blccd lactate
abcve resting level was arparente. By suttractinq‘the ieah
resting‘blccd lactate value from the first significantiy'el-
avatea mean lactste value, the “critericn difference® 1n
blcod lactate was ottained for each group. This tecﬁnique'
tc calcﬁlate the critericn differé&ce in blood lactate ip
trained anc untrzined suhjecﬁs has ﬁeen uséa 'prevlously
'(Reld, 198G). This criterion difference vas added to the
resting lactate Vvalues of €ach 'subject in tpe afpfprcpriate
grcups. . The last exercise stage having the lﬁctate level
less fban tte syur of the resting lactaté valuve and-c¢riterion
_.ditference vas tervtec the AT.. The cXyYgeEn con;ulption at
this stage was tereed TVC2. XTVG2 was then sisply the per-

cept cf the crygern ccnéumption at the anaerobic threshold.

-3+9  “PESISN

Two statistical desigrs vere esployed to analyse the

dats cclléctea ouring tkis experisment:

Y. DEH respcose with erercise ictensities relative tc
the A1 (Lece %XI¥02). The ﬁesiqn cf the ezxperisent vas a
two-way analysis cf variarce with ¢ repeated smearsures. The -

twc levels ¢f factcr & were trained and untralned subjects.
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and the &8 levels of factor 5 (repeated mseasures) vere the
plasea [BH activitlies at rest, 50, 70, 80, 90, 100; 105

%TV02, and the razxizur_workload achieved.

—

2. DEH resrcnse with exercise intensities relative to

the WCz EAX (ie.e. ¥VCZ max). The design vas a tuc-vay anal-

ﬁsis cf varlarce vith 7 rereated measurese. The tvo levels

of factcr b vere the traineo and uptrained groﬁps and the ?
ievels cf factecr E wete the plasma T[EH activitles at rest,

50, 6C, 7G, 8C, 90, 2rd 10C %V02 max.

'3.70  AEALIZIS OF DAl

The ftcllcewing statistical techniques were used for

the apalysis cf tle datea:

"

1. Siat1st1cs 1nclhd1nq.néans apd stindaréndeviatlons

. 9f the thysiciooical perareters descriting the subjects.

2. Coe=way acalysis cf wvarlapce vwith Scheffe pqSt-hoc
analysis tc determine the criterion ditfcrence 1n lacfhte
ccncentraticns 1t eack ¢rcups. The A1 and 1¥GZz vere then de=-

tersiceo using thkis date.

i, tcllceing tte detersipaticn cf the TY02 cf eack

irgividual, 'ths rise it rﬁﬂgﬁct1'1ty eSrressed as % Peatiﬁq
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DBH , was dété;lined for each vorkload achiéved and subse-
quently-plotiéd against the <corresponding oxygen CCORSUBRP=_-

ticns (% FKesting LBA vs V02). Due to the small sasple size

and the exploratory nature cf the study, statistical regres-

sicn was " bpct used tc generate the DFE values at the verke
lcads relétive tc AT. Icterpolation cg this curve (! Rest-
irg DEH vs VCz) was elployeﬂ to estitgte theldhaﬁqe lh DEB
act1'{t1es asscciatea with test, 50, 70, 80, 90, 100, 105

e

%TVOZ. and et the saxirur vérkload achlieved.

Cnce the chanqe'in-DEﬂ activities of the relative in-.
tensities were aeterrined tcr each subject , the values be-

lcojicg tc the xembers cf the trajned grcup vere ccabined

'anq ccrparec tc the ccrresponding results ¢f tie untrained

JLCUF uUsing e tvCc-way aﬁcvi vith € repeated measures statis-
tical analygis. .Ibis.uae tolloued' ty a Scheffe post~hoc
ccnpgrison ¢cf thke means ir crder to isolate t?e intepsities
betveen which the sigpificant differences cccurred.

Plthcugh fercentile gata say act be suitabléhﬁfat
;}alvsis ci wvarialrce uue.tc_ distributions uhichqlny violate
the ncreality and hcrcoeneity of varieance assurpticns, ANCYA
1 particularly rcouet to deviaticns 'trc; thése tvo assump-
ticns (Kirk, 19&2). hs 2 precagtion all gferceptile dats
vere aralysed by ccchran'; test for bcmogeneity cf variance
ané sulsequently fcund tc Le hosogeneots. Frequerncy distrie

duticso tloter vere ured tc  verify ncresality of distribuetion,.
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In dcing these plots 1t vas 'hoted that the scores tell in

the 80-160 ranges Due to the tact that values above and be-
les testing values vere obse:ved. the disttibnticn did not

regresent the 0-100 range otten asscciated vith the need for
data transfcrsaticn. - ‘Therefore -ANCV2 vas selected as the
105t apgropriate sfatiétical sethod to test for dlttérences

[

betwveer the trained anrd untrained grougse.

-

g, interpclaticn of the curve (% Resting CEH vs Y02}
wac used tc es£1|ate tbe change in CEE activities asscclated
vith rest, SG, €C, 7C, 80, 90, and 10C %V0z max. A tvo-vay
AMGVA with 7 repeated 1gsea2sures fcllcved by a Scheffe pcst-
hec cerpariscn ¢t the leahs u&s perfcrsed to isolate the in-
tenslitlies tetveen hh}ch the siqnificant' differences occur=~

\
T€de

. A cne-way AKOVA on the hermatccrit values across
the €xercise stages vas rerforsed for each group in order to
‘Jjetersine tne bhemcccncentration eftects of the exercise

E 3

boute
*
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Chapter IV

RESULTS - AND DISCUSSION

-

The sailn area cf investigatior wvas the ccsparison of
toe exercise resgcnse cf the blood'enzyne DEB, “tc e;ercise
of the rame relative iptensity befveen trained and untrained
subjects. The exercise intensities vere detersined relative
tc bcth the anaerctic ihreshold (1.e. %TI7V02) apd the iixinal )
oXyges consuu;ticn (1;9. %V02 aax). in this resgect, the
results anag discuséicn vill be p;esented in the sevén fol-
lcwing secticns:

| 1. Fnysiclegical characteristics of the subjects GrCUPE.
Ze The detersiraticn of AT and 1VC2.:
3. Hesatccrit apnd tlcod voluse changes.
4, Elacsea fek e;ercise re3ponse betveen trained and un~-

tﬁained GICUFEe.

. Flasma [CFH resfccse to exercise of various intensities.
6. Discussicn c¢f the LBH resgonse tc exercisé.
7. The use cf gflassa [BH as ar index of symspatbhetic

activity.
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PEYSI0LOGICAL CEARACIRRISTICS OF IHE SUBJECT “

81
SEQURES -

- . _

EAFAMETEE. TRAIHED- UNTEAINED
Hegn SeDe Mean SeDe

Age (yrs) Zf.é 5e6 - 2840 3.0
height (cr) "177.8 3.4 181.9 5.9
weight (kg) 6546 » 4.1 8344 7ot ™
vo2sax (®1/Kg/kin) €S.6 * 5.6 5046 1.7
¥Yo2rax {(l/sin) 4.5 0.5 42 0.8
TVCZ {mls/kgrsein) €26 ¥ 4,9 4240 3.1
AT (3VD2 »ax) T 549 8342 7.5
lactate 5 »inp 8503 3844 86 o1 1 15.0
FCEt €x. (ag %)
Kesting DEH T79.1 » 2133 20.9

59.4
(urol/xin/l)

S N A g e e S
~

» SIinficanf gt .05 level

Table 3: Physiolcgical characteristics of trained and

untrained sutjects.
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The weans and standard deviaticns c¢f the parameters
. > .

describing the physiolcgical charkcteristic&"éf the trained

and untrained sutjects are frresented in Takle 3.

Sigpificant differenceé'ﬁiafh reébéct to velght and
‘VCZ iax expressed in ml/kg/min vere determined, the trained
individuals being 'iighter and' possessing superior aeérodbic
caracitlies relative tc body welghte. This is in agreerent
with kusko et ai (1978) vho reported higher ¥02 max in en-
duraﬁce trained perschs. The maximal oiyéen consﬁlpfions bf
50.6 and b9.6.n1/kq)u1n ip  the uptrained and trained éroups
respeétively were within the critericn detlnéd at the outset
ccncerning the éelection cf subjécts. in addifion tc belng
.a widely used selecticn parameter, ihé felative geazure of
"oxYygen consunpt;ca vas eﬁployed in order tc avbid roling out

) -
;ubjects frow part&cipating due tc their bcdy welght.

The significantly greater values for Tvgz in the
trained group is ip agreement with the findings cf Weltman
apa Katch (1979) whc repcrted th&; the ciygen ccnsumptions
at the apmaercbic threshcld (TV02) ierg-dirécély correlated

vith the maximal cxygen ccnsusption (V02 marx).

ho &eignificant differences with respect tc age,
height, apa absclute VC2 max in 1/min cculd be determined
betaeen the QT CUEE. Ir éadition. the lack of siqnificant

e
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difference in the AT expressed as XV02. amax 5con;réq1cts
'.ncDougall (1977),_ghc'presepted evidence of suchk a dlsparitj
betveen trained and uptrainéd subjects, The high absolute
‘1yg€en tonsunptitps ~cf the untrained subjects say Le par-
tially. explained by their larger bodf sass . requiring a
gieﬁtef amcunt cf oxyden to oxidiie.the fuel supplies during
exercise.. However, this groug iay ke ;onsideted trained by.
many tesearchérs and thelr fitpess may bhave dampened the ex-
pected dispsrity in the AT expressed as %VC2 zarx. : 1In rela-
tive terms, 56«6 ml/kgsmin- s in the "IIBIIUI' (averaqé)
range in 'the Capadian fpopulation and 6946 is 'exéellent'
{Stapdardized Test of Fltness, 1979; nSS§7ETT/:Zhus ccepeared
tc tgg Canadian pcpulatioy;-the tr#ined‘and untra1ned grQoupe
.are £uo stanqard ceviaticrne aparte. These findings suggest
that bpct ali suktjects cr groups cf Suhjects respcnd 1in thé
classical. sanner of higker proportions «cf maxiwal qugenf
cconsurptions at the AT with traininge. The results are con-
fopndinq, especielly when the trained subijects selegted for
this jpvestigaticn fcllcwed very rigorous training redilens
ccrpared to the uﬁtrained subjects. | Since thére is a range
ip the appearance ctf AT expressed as %VC2 mar in the general
pcpulation, the untralned group msay geptesent 6 chante;;e-
lecticr ot 'such subjects with genetically high fhreshold

values,

In‘the present study, the untrained sulkjects met the

critericn cf lower VCZ max relative -tc bcdy veight, but oaly

N
(M
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after the seccnd treadsill run, the A1 test donbiing as the

acute bcut cf erercise, vere the high giae;obiclthrespéld
values-tounc in'this grcut. ?he laciate values obtaingd 5
miLutes pcst—exercise were not siqnificantly ditfe;ent be=
tveen the QICUES .squestluq that the end-;ﬁint ¢cf exerclse

vas éinilat, in relative te;ls'tcr .bcth sets cf subjects.

The peak values were lcwer than expécyed. that 1s, lcwver

tkaa 1CC s3 %, 1np tte traigped grouge. The 24 beour period

uithcut_ezércise tricr tc the test may nct have Eeen suffi-

c:ént tfcr ccspléte clyccyer repletior tc cccur freow,the fre-
vicus training tcut 1n the tralped sutjects. . Io addition
the tac traine: subjects (ES and BJ)} with the lovest lactate

values pac tastec cyercighkts. Ancther factor tc be cossid-

erel is the greater ciidative capacity of the suscle filtres

ip freirea tutdjects. Since vell trained enmdurance athletes

':epa tC pave Llgber ;erceutéqes of Si titrgs which pcsEsSess @&

" predcsirant E-LC1 ;rcttle, thef'are capaktle ¢t petabdbclizing

the lactate prccuqed ty the FT fiktree, thus resulting 1o
lcver Fpeak lactate values. The -test jrctoccl may have
cauisea 3 selective Glyccaen depletice in tbe FT fibres due

tc the hiqﬁ ruunirg speeds, thus reducing their'capaclty tc

preduce lactate. It !s alsc possible that botlk selective F1

‘suscle qliccqen cepletice and the g¢reater capaclity of

I

tralced suscle tc msetekbclize and rescve lactate were sisul-

tanpecus factors resylting 1n the lcwer thean previcusly re-

pcrted rOEt-eXercise values. This wctlc recuce the expected
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disparity in post-exércise lactate between <the groups 1ﬁ

tﬁis study.

' The sean absclute resting values cf Flassa £[BE for h
the tewC gJrcuis ct.suhjetts are out%ﬁned.in Table 3. ,dﬂﬁfﬁ
levels alcng wi;h' the large standard deviations are in the
sarg range as those described by Hagétsu'anq .0denfriend
(1972). The resting levels wvere significabntly gféatét in the
tralned Qroup. 'rlhig ditterence 1is probaply due tc genetic
_aeterlinants ¢cf Lasal plassa .DBB activity (Géffen €t al,
1973) and tc the relativeiy Eaall groug sigés.

- . . .
14

" 8.2 DETERBINATIOF QF AT ANR 1Y02

1he.ueans cf lactate and pP values at eacp stage {(in~-
creasiny workloads) tcr trained - and untratned éuﬁjects are
preserted 1ir Figures 1 aﬁd Z respeétively; These results
are i{r éCCde vith thcse<descr16éa. Ey Reid;(1980)¥' As ex~’
pected, tue orcp 1o tlcoa gk lagged tehinmd the accumsulation
- e

1o lactate, indicating that colpeheatory sechanises su

»

s
increased ve9gnd VGCCZ vere in operation (Skiﬁﬁer & ucLel:
laz, 1980).1; crder tc- ccmpensate fcr the impending ;gtab01¥
1c acidcsicse. Az the iactate pro@ucticn in thé~vcrk1nq:nus-
cles apd the accusulatico 1n"the ¢irculaticno 1ncrea5ed
tnrther, tte nuifering'nechanisns-vete no‘ longer ﬁdequate

and tbe drcy 10 [P CCCUITEd.
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~1¢c Zetereire tie 31, an aﬁalysiﬁ ct fa:ingcgiuas fef;
fcrmec fcr tﬁtn tra;ngd‘a:h untraiped §tcups cn the laétate
Yaiues ot Iest &LC aCICEsS eackt 2xercilse¢ stoges Thie was fcl-
lcwen ty a &chelle jCEt-Lcc ccgpgriscn ct the leans}' per-.
férsec it Crogr te tsclate tbe. f1rs* exercise stage at viick
JIT€ merr aéTtete l€'G1£ veTe signltiiantly elevated dbcve
_tlC3€ ct [eSt. FIrcr the tchette anelvﬁié; * ¢tte criterice

=l

citrererce 2z lactzté wis zelcuiatec ry suttractirg tke sean

la ]

€£21nT lactzte VElue lrcCe "the first sianiticantly elevated

lactate velues
»

- Tee surrary ¢f ANCVh fcr lactate values 2t rest ,anc

acht =¥mercize staje :n tne trailred groufp is fresented

4
0
La |
18]
1.}
{3
(L]

i1 Tarle & Tte Schetfe fpost-toc ccspariscn cf the rean
plccd le ﬂtelVEIUQS Ecg the trainec grcufy 1s preserted in
tatle >, Tre ccfres;cnding sumgary of ANOVA and Scheffe
arelysis tcr the untralinec grouf are presented ip Talbtle €

anc Table 7 resrectively.
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SCURCE CF S 3 o at LB F
¥AFIATICH f | ¢
e re e staem e —————————— e - ——— -
Zetveer sLIjeCts 1365, ¢¢ & 23Cbeta 13,128
#3thin =utjects . RLS6ebt n 176002 .

1
- e R A e A e ..

= Sijnificent at (.CS level V*

t
- . 1

'Signiticant dAifferences in the. aean blcod lactate levels observed

acrcss the exerclise stages. ‘(

I3

Takle 4: Sumpmary cf ANCYR coiparing‘blcod lactate values

h'ht successive sfaﬁes‘in trained subjects.
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- o

_at exercise stage 57

2'rercise .
Staqe ' fegt Y 2 -3 N ) < | S

-

‘Mean lactate  Vi.8c  18.CS  15.39 Tt.Me 19.58 5L.67 €589

ccnce (83 V)

Feet(C) Zasc 1057 2491 Se9E 174C7 Y 3E.198 57.849
1 1eald ' | | Tadb BaB1 15,85 3€.62% SL,.840
. . . & -
e 15.3% - ‘ 3.C7 .15 3S.2b6% S4,50
b3t Teebt - 11.C8  32,21% 51.83s
4 - 294594 ' C " 21.13  8C.35*
£ 50.¢7 . ’ ~ _ © 15e.22%¢.

tsignificant at C.05 level; S (a05)= 38.19

LY

'First significant elevaticn above regting lactate levels occuirred

B 2 +
Criterlon difference in lactate = 38.19 mg %.

' o
N

Table 5: Screffe pést-hob'ccmparison cf mean b

actate values

“at successive stages in trained subjegts for the detersi-
nation.cf. critericn difference 1in - lactate reqﬁireé'fiiz
. . : ~ - . . .

the anaerobic threshgld, - . .

- 72 - - e



. Signdficant at C.Gs‘level\

S
—
SCUKCE CTF s€ at - rs F
YAFIATICH
S

Betveer zutijects - 139%b,4 52 € 2791.78 50e.52®

" within surjects 1¢57.8C ic 55426
o~

Signiticaﬁ%“elevation_in the mean blcod lactate levelE olkserved

acroes the e¢xercise stages.

-

-

Table 6: Susracy of AMCVA comparing jtlcecd lactate values
. . . s

./—;

-

at successive stages in untrained subjesps.

-ty




uh

r

Exerclire
* Stage Fect 1 z 3 [} 5
®ean léCt/té
cence (3g T) 12406 . 15,18 20.56  25.29  85.73  €7.86
" hept(C) 1zelc . NG 8456 13.%1 33.65*  S5.78¢
1 15.1% jfr‘=~\§ | S.48 - 10.1S 30.59%  Sz.72%
2 20,5 . . kT, 25.15% 47,28
325429 ' 20.868%%  82.57%
R4 . . - h e
4 45,73 | : : 22.13%
*significant at Ce05 level; S{+05)= 33.65 | \-

.

First signiticant elevaticn above restiny lactate levels occurred

‘-at-ererglse stage 4y ‘ *‘;////ﬂh\&1 . ..

: : : . .

Critericn difference in lactate = 33.65 mg %.
N l ' ' . © I .

. ' ; _

\ : : CL .

. iy b r + -’ . .

Table'7: Schgffe rost~hcc ccmparisonl cf mean blood lactate-values
S : R . ; .

at successive stégeé in untrained subjects. fer the“defbf:"’/

L

“nminationef criterion difference in lactpte'teduired-for

.~ the anaerobic thresbold.' Do o a.

*
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. 1be critericn rﬁitferences 1n lactate concentrations
over.:est. required for significance in the Schetfe analysis
vere deternined t¢ te 3&:15 lq % in the trained and 33.65 g
% i;.the uptrainec suktjects. These values vere added to the

resting lactate values fcr each subject in their resgective

grcugs, tc identify the stage at which a .silgnificant in-

creage"in blccd lactate had occurrede ‘ W1ith tﬁis‘pnacedure,

-

: T . ) :”
the 41 was definec as the first stage pricr to that which a

LS ‘ ot ‘ .
sfgnificant accusulatico ip blood 1lactate bhad cccored (l.e.

?

tEe last exercise =taqe having the lactate. level "less than

"the.syzs of the restinq lactate value and the.criterion dif-

ference in lactate. Tvoz vas then defipned as the osygen:

*

ccﬁsuuption at tke AT. The raw datd pnesenting the staqe_at

uhich the M “and TVO? occurred ip each subject can be found
ﬂ .

1n APPBNDICES C and T (v02, Ve Lactate, and pi Ohserved at

Each Stage 1n Trained and‘Untrained Cubjects.f o

Whoe . - . . ‘

- Ll

For two subjects (H&'hnd DS) 1in 'the?trainea_ﬁroup,

the addition ¢f 38.19 mg ﬂ .to their respective resting lac-f'

tateylevels» resulteﬂ*in lactate falues g:eatef thap those

- . .
achteved durinq exercise, - Ia these tve cases, the(gtagel

[

previcu= to the largest drcp 1n 1n pH was used to deterniue‘

the TVOZ. This critericn uas chosen because it wvas the pat=

—



tern ctserved in ¢ (5E, FC, DD, PD..tg, BS) ot tbe pine sub-
jects whcse Fb vealues, vere avallaﬁle. In additicn; the- Ve

became difproporticnately large at thesé sase points.

In tkte prezent study, seven subjects in each gIroug

vere testeds Tvc sutjects (PS and GO), cne in each group,

we;e'hitbdtaun'trcn further statistical analyses. With re- °

garde tc sulject ES, ncC nieékaudy laciapg re¢spconse, Sharg
drop in pH, or disprcgcrticnate increase in expired ventila-
tica could e deterrineds. éince the TVO2 vas required for
further datardeteruination but could nct be isolated 1in this

sutject, his initial cata vas removed from further anqusis.

Subject GC could cnly perfore three stages and. produced low

lactate values ccepared to the other sezbers 1in the un-
t;a;ned grqup.’ The crygen consuafticn attained'durinq the
"‘treadrill perfét}ance was.also quite lcv ccapared to the

others, therefore, his data vas remcved froe further analy~-

sise ' o . o g)

- 76 =

4



8.3  DERATOCRIT ARD BLCOD YOLUBE CBANSES-

\$, o in crder tc centrcl tor éhanq?s‘in blocd vcluse that
often aﬁcol;any €3ercise, an anaiysis cf variance wvas pér-

_terwned cn;the hesatccrit values cf toth groups recorded at

| /(_v;;cﬁ-staqe Curiég exercises The Qﬁ:n;rigs ot ANCYA for the
trélned anc untreines gqroups are fpresected in Takle Be

Sicce 1o slq:ific?nt_ Eifterenées vere revealed with this
,L?nalyéié, h;icccncentratlcn vas nct.a factcr 1nf1§enc1ng the

enzyme values.

~ !

p

S
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SCUKCE CF ss af ‘ms F Fc(«C5)
YARIATICH .
Betveen subjects 35,63 6 5.58 0a25 2.92
~Withir Evclects ACE.LC 13 1 23.65
Untralred Ggroug )
."SCURCE CF s af us F "Fc(«C5)
VAKIATICN '
Withir subjects 35,71 5 7.4 1.57 2477 -
Withim subjects’ 81.67 18 454 '

Treiped GQICLE

- e i i - -

ra 4§

FC(e05): critical F value at the .05 level

L]
[

Differences in mean hematocrit values across the stages nbf-'

statistically sigpificant 1n_tr€ined or untraiped groups.

3 -

4

Table 8: Susparles of ANOVA .comparing hematocrit values at

\ 3 - - .

¥

L = successivefstages in traiped and untrained groups.
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‘seb  PLASEA DBE BIEECISE BESPQNSE BETDEEN mnn Co-
CUFTRAINED SBJICIS -

------------------- ,--- ..-— L r = X 1 I X X I 1 1 ] -
e - .~ FELATLVE EYERCISE INTENSITY (%TL@2)

- " Rest 50 7¢ - ac 5¢ 100 105 sax
Gr'cllp - ——— e e T o e e —‘—--_—--q----—--

//f“\

. Uptraines  100.C AC3.¢ 1C5.0 105+8 1C7.71 11C.5 118:8 119.8

. -- -------- --------.“—--‘-
. . . a i:
TEAINEL 100+C 10047 167.2 102.2 108.0- 10€.3 10853 1126

Table 9: ean Dtk levels exfressed as % Resting DEH at rest and

" during exercdise ictensities fros 'S0 XTV0Z tc maxisur vorkload.

-

-

-‘Ggép.means cf the DEF actgvities, expressed as % Resf-
ing CEH, at rest, 5C, 70C, 40, 90, 100, 105 %TV0O2 and at the

ﬁaiinum vérkloéo achleved ‘are presented 1in Table 9 and '

gragfed in  Figure 3. The faw data can be found 1in

AEFENLICES €, H, and I (values for z Resting IBEH at Rest,

-~

. %1V02, and at the Maximur WoTkload Achieved in Traived apd

Untrained Subijects anﬁ'the Fooled Data).




2. RESTING DBH

120
.
_ 115
»
!
!
I
. P
@ ’
110 4 . , ;]/ )
- N ya
. N ’ .
. i PN
105 4 ~
- ’-”'
o
100 =

T T T 1 T 1 T T T T
0 10 20 30 40 50 60 70 80 90 100 110

RELATIVE EXERCISE INTENSITY (ZTV02)

. | megm —we— - Untrained
N
Legend — o—o0— Pooled

- ' —t—— Trained

Figure 3: Mean- values of DBY (% Resting DBH) with increasing intensity
{(ZTVv02) in trained and untrained subjects and in pooled
. . ' (trained + untrained) data. '

For means and standard deviations of the three data groups,

see APPENDICES G, H, and I.

.) }
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-————----——--——----"\-————-——--——-------—-————-n-—-—-q-———u------—-——-—‘————

.

Feletive crercise Icteneity (YV(2 max)

[ omman ™ -
Tegt S ou 70 &C G0
Cicug et f---——---é--—--
trtrainec WL 10wad 10521 10640 107.7 1117
Trainec 1CL .0 TCal ~ 107«2 106241  1C2.E  1G6.8

Takle 1C: *ean ttE levels expressed zs % Festing CEH at rest

guring exercise irtensities from 5C to 100 %V02 ma

r

Taple 10. cutlires the aeans cf LEH activities ex-

1126

L]

1

and

Xe

oressed as i btesting L[EH at rest, 50, &0, 70, 8C, 9C, and’

106 V02 wax ané. are graphed in Figure 4 (% Rest%ng CBH vs
¥V02 max)e. The raw data caﬁ ne found 1in APFENDICES I, K,
ancAf (Valuez fer % Festinyg DBH Oﬁtained at Fest apnd %V02
tax Achlevec in Traineo ang Untra1ned Subfects and Pooléo

Data). , . '
e ' CL B

- 31 -



. 4 RESTING DBH

- 3 N

120

115 ‘ . !

1 .1 1 T l { | !
0O 10 - 20 30 40 50 60 70 80 90 100 o %

RELATIVE EXERCISE INTENSITY (%VO2 max)" e

: S — —¢— — —s— Untrained

) . - "Legend @ ——o——3— Pooled
v " —p——y . Trained

. | Figure 4: . Mean values of DBH. (%7 Resting DBH) with increasing
) : intensity (V02 méx)_in trained and untrained subjecté
‘vand in pooléd (tra;ned + qquéined) data.

For means and standard deviations of the three data groups,

see APPENDICES J K, .and L.
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Table 11 outlines the summary of ANCVA with repeated
measvres rerforsed on  the data 1n-Tablg'9 {Mean DBH levels
f "-q‘
expressed &t % hesting DEH at rest and during ‘erercise in-

tensities froe SC ETVCZ to maxinum).L

SCURCE CF _ cs af S . - ' F

VRRIBIICN

Between sukijects

7

373.67 T 0.40

G ) « 3
erfror : GUBE.62 10 944,56
uith;j subjects *,\3
. B 228,17 * 1 346.31 S«104%*
E X C (Interacticn}) 104.33 7 13.50 Qez2

errot 471706 7C €7.39

. Significant at C.C3 level
Significant ditferences otgerved between the mean DEE

values alcng tne tselected exerclse irtemsities (%TVC2).

83 Srcup (Traiped, Uctreined)

E: kelative intensity ct exercise (%1VC2Z}

Table 4%: Z-way ANOVA with & repeated Eeasures on
% Festing [EF at rest amd during relative

eyerclse intensity as determined by $TVCZ2.

- 83 ~ .
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rfr“¢éable 12 outlineslfhe susmary of ANCVA with 7 repeat-.
ed mecasures cn the data in‘fable 10 (Mean DBH levels ex-
présged.as % Reéting‘nﬁﬁ at rést_and during e€xerclse inten-
‘sities.fror 50 tc 100 %V02 max). ' :

)

SCURCE CF + <o ‘ DF S F
VERIATICK *.

Betwveen surjects ‘.

G T 360,01 . - 1 330.01 0.88
errcr ‘ 746,35 - 16 704.44

' . . 4 .

Withip sutjects

E 220740 6 367490 N.'wt

E X G (interacticr.) 1CC. 36 6 - 1¢.73 ’ .26

erra-r;l' h 361:KA 60 - 6§3.57

A N S W e e e ki e N e S R W e A -

* tigrificart at .05 level

Sigpificant differences cbserved cnly tetveen the mean DEB

values alcng the tselected exercise 1nten51f1es (%YCZ wax).

-

G: Grc¢ug (Irained, Untrained)

£: Kelative lntensff?ﬁbt exercise (%VvCz max)

Table 12% 2=-way AMOVA with 7 repeated léasutes on
% Festirg L[EF at rest and during relatfve

exercise intepsity as detérlined by- %VC2 »mazx.



hat T

From the analyses cf variance 'vith repeated measures

on the- plasua CEH values obtained at exercise intemsities

-

relative to the AT (%TVC2) and V02 max (%VC2 pax) (Tables 1%

-

and 12'frespect1vely), nc significant differences ccula be
p— .

, .
detersiped Letweer the traiped and untralned grougse. Thus-

the null hyrcthesis fpreserted in the 'Statement cf the Prob-
lex? in'Chapéer 1 was fcund to be tfue. Fovever, sigyifi-
cance: at the 0.C5 level were achieved only in the DEH val=-
ues ag¢rcss the celected intensities Uith;n sutjects both
wten the intersitles were detersined relative tc the AT (Ta-
tle 11) and the V€2 wazx (Table 12). §chetfe pcst-?cc analy=-
ses‘tc.Iiﬂq the souices cf the intensity effects vere then

perferosed {(=ee next Secticno 4e5).

4.5 ELASE} LBH ERESPONSE T0 EXEECISE -CI YBRICUS
IXTERSITIES ,

Qe

.. Eecause tlere vere nc significant differences in the

. trained and untrained grougs, the Echeffe post=fcc cceparl-

sors ¢t the wmear [bH values across tﬁe selecied intensities
wELe ;e;tcrieu co the pcoled aata tc 1deni1ty the intensity
eftacts. 1h1s was cche ¢D the data pertaining ‘tc the DEB
values at fxerc;se intersities relative tc the AT and V02

J

sax (Tatles 13 apd 14 respectively).

- §5 =

-
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%1702 “rest . 50 70 80 $0 - 100 105  wax

1056 108<% 1115 1162

(% rest) " 4}. ‘

DEE 10C 1CZa3 163.1 08,0

.SV
rest 10C.G 223 3.7 8.0 5.6 Bel 1145 °  16.2¢
50 ‘10z.3 - . Ceb. 1.7 343 6e1 9.2 13.5%
¢ 103.1 - 045 245 . 543 Eub 13418
[ L": - . [ ] )
86 8.0 ' 1.6 3.8 7.5 2.2
. . . Lo . i v
9C ‘ TS0 . 248 ) 5.9 . 106
1L 1CE.8 ) ‘ o 341 7.8
15 111.5 ' _ : ¥e7

L4

- - e e e o - - - P e ap e

* Sigpificart at («C5 level '7/7

Significant aitferecces ctserved tetveen the léan DEB value it the

saxisus wcrklcad achleved and those at rest, 50, and 7p grvcz.

’

L

Takl Scheffe post~hoc comparisdo ct msean DEE levels vit%

ircreeasing exéicise intensity (%IV0O2) in the pcoled

(Treined ¢+ Urtralced) data.



eeeccmceccmaemete - L A

%v02 saxr  rest €0 60 20 e % . 100
DEE 10C.C 162.5 1031 - 10830 105.8 10942  116.6
€% rest) "

e mm—— ——— —_—
rest 1000 . 0oC 5.8 90z 16469
SC 162.5 - Cal 0a6 - 15 3.3 6.7 1.1
6C 1031 | 0.0 Ced 2.7 6.1  13.5%
7C . 104G '_ C.0 1.8 Se2 12,6
B0 105t | o €. 0 Jo& 106
9C 1092 o _ Call 7o

’
PR Y R Y - - - - - e . e e - e e O A e A

scignificact st C.05 level

a

Signiticant difterences observed between the mean DEH value at

1.€C %v02 sax and those at"test, 5G, ¢0, and 70 %VC2 nmnax.

1}

Tatle 14: Schette pcst=-koc conparisoh of tie mean DBB levels wvith
‘. ipcreessing exercise intensity (%VG2 sax) in the Fpcoled

. {fralned ¢ Untrained) Jata. ;

.
.+
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The Schefte pcet-hoc analyses on# the DBER values per-
taining tc exercise iptensities relative to botk the AT and

‘vci'ﬁax (Tatles 13 and 12) 1in .the pccoled data shev that only

at the saxisus wcrklcad achievad apnd 100 qu2< zax respec- .

tively are the CEH values151qn1t1cantly‘ditferent thap those

at resgt,

L

As well, . the DEFH values at Test, 50, and 7C %TVO2
vere significantly aifferent than that found at the saxisus

vcTklcaa achieved (Tatle 13).

The DEA values at rest, 50, 60; and 70 %VC2 max vere

significantly differert than that found at 100 %VC2 max.
e

%.6 DISCUSSION OF IHE DRBB RESERCISE IC EIEBCISE

The rfesults clttained usipg exerclse 1ntenait1és rela-
tive to A1l (i19c2) and vC2 1}: {(%¥02 max) werc very sisilar.
In elther methcd, no sigoiticant differences vere determined
betveen the trained and untrained grcups vith régards to thé.
exerclee resgcose ot plassa DBB, Bcvever, significant d1f-
_ferences were fcund 1ip the DBH respcnse £c exercise of 1n-‘
creasing intensities. The intemsity etfect vas due in Loth

cases tc the significant increase in DBE occurring ¢nly at

S

b

.
rc
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the laxllu- relative 1ntensity cospared to reste llac. only

-iptensities below 10 1voz } 1.3 4 were signiticanfly leas - than

-axilul values. »

\

Wirth et al (1980) did-noct find any difference be- -

tveen traired and untrained groups as well as a lpck ct sié-

" pificant increases in plaSia DBH with ezxercise in either

groups. The present study also shoved noc siqniticant difter~
. e . L

ence tetveer traiped and untrained grcugs, hovever an 1in-
crease in plaéna DEH with exercise intensity was shovn in

the pcoled cata.

Even though nc signfticént ditferences in the plassa
DEE exercise restonse betwveen the 'ttained aud— untrainped
JECUYEE were obse:ve@, tfends vere arp!teﬁt in Figure 3 (%
kesting DEH vs ~ XTVCZz) and Figure & (¥ Resting DBH vs %¥02

max). Io tcth figureg, the elevations ip LBH with intensity

were nof, ag great 1in the trained sukjecte compared _to the
“untraiped. Such trends are in accerd with Planz (1978) who

clatned smaller ipcreases in DEH ac}ivtty auring graded ez~

ercise in trained subjectse. . ) ' .

It i¢ ;oskible that DBE tollows tesponseq'sllilﬁ: to
catecholanines-uith exercise stress, that is, reduced eleva-
ticﬁs uitk exercise in trained subjects {(Bloom et al, 1976)
althou&h this reducticn vas not statistically significant in
the pieaént study. Since bogh DBE and norepinephrine are

released frcs sysrathetic nerve endings, CBE may follov the

. - 89 -
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salé reduceéd syspethetl esponse t0 exercise aa‘doesgiiiep- -
1neph;1n‘. t d is nct 1n‘$§:eoncnt.v1tht§it;cn et 2l

(1976} v

found larger 1nc:|ases' 1n DBE activity during.
graded ex rciee ip the same subjects atter several months of
trainin Tvo distinctly ditterent groups ot suhjecta vere
used 1J the present study an qayvyield different results
ttan thc§e7}cund by Geffene The fact that the;qgou;s vere
dietincf af% nct one group studied over a pericd of time

l1isits the ccoarariscn._that can be =ade with Geffen's re~

sults..

The cunviliﬁear fattern of ;néreaaé in plasni LBB ac=
tivity with graced exercise {(see Figure 3: % Resting néa s
-%7V02 and Fijure &: % Festing DBH ve %Y02 »azx) obtained in
this study are cclperable(;; the linear increase cbtserved by
Planz et al (1575). The peak DBE values achieved in the
pcolec oat; cf this study were 116.8 % Resting TEH at the
saxisum vorkicad .achieved, such lover than the 130 % Hesting

DEE 1p Flanz's studye.

AS discussed in Secticn &.1 (PB!SIOLOGICII

CBAR'CTERIS1ICS CF TBE “BEJECT GRODP‘), even though the tel-

€2 s2x (ll/kg/lin) vere such bigher 1a thc ttainod

sutjects, the aktsolute V02 max (Ifliﬁ;%ﬁhnd AT elpt.ascd as
; n;r _‘_*u“.

-ﬂjfittent betveen the

V02 @aax vere not siqnitlcantly
GTCUPEe This suggests that the disparity 1in the.titnesJ@

levh{_betveen the tvoc groups vere not as gtiat as anticipat-

ﬁ;_



' _ede 1F a result the enzyme , response nay have been guite
siatlar in the t;ginéd and%gntrﬁined subjects. Therefore no
significant differences weﬁe found - in the-exercise response

ot DBE'betugep the Grougs.

- .

%.7  ELASEM DEB AS BN INDBX OF SYDRATEETIC ACIIYIZX

Qn additicnal area of interest of this study vas the,
use ofy plassa DEH aE ar. 1£dex ct erercise 1ntén81ty.' fhe
-signlficant locreases in plasma DEBE seen cnly at the laxinu;
verklcad achieved and at 100 %V02 max in the gpoled data in-
dicatea that the use cof thke epnzyme for this porpose is lie-
tted. The resuvlts alsc iraicated that once a ldderaté exers
cise 1intensity was reached (l.e. 70 %vC2 ;nx) the DEB
respcnse was nct statistically distinct froa any hithr in-
tensity. | 1o be a valuable indicator cf exercise intensity,
plasma [BH values wsculd bave to be cemonstrated to te RoT e
sensitive tc elgrcise intensity thap vere sﬁoun in the pres- -
ent etudy. | It 1s rfprcbeble that the presentg of large
asounts of. circulating DEE coupled with a long ti1clogical
"half-life wculd require a larqe'chanbe_ ir the SKS tone over
a }onq periogc ct 'tlle betcre aﬁ- nlteration‘in plassa DBE
" could be detected (Geyer.et al, 1977). Other authcrs (Noth
£ Mulrcw, 1576; Kcpin, 19793 Wirth et al, 1580) have come tc

similar conclusiccse This is in disagreesent vith Planz et



-

al (1575) who concluded that DBE could be used.as a sensi-

‘tive index cf changes5in syspathetic activity;'-Iﬁ addition,
 otber bilochemical paranete:g‘shch as heart rate and catecho-
lanipes»are guch »OTE sensitive (i.e. 1increasing several

fold) than DBH 2nd would PFeclude 1ts use as an index of

* .

acute changes 1n sjtpathetic ~ activity due tc physical

.- stresee.

e
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Chapter ¥V

CONCLUSIONS ABD RECOKMEBNDATICHNS

Fror. the results of the present study the following

say te ccncluded:

'(1)fheré ¥as Do significantﬁgifference in  the re-
- Sponse cfpplasia LBE to an acute bout of exercise of inten~

sitles relative ic elther AT or VOZ max betveen traliped and

untrained suvbjecte.

(Z)Ih;?b\{fs a siqnitlca%t gle'ation'ln plassa DEH
vith increasing €xercise intensity. Hcvever, the enzyme was
significantly elevated abqve-&esting level§ cply =t the'uax-
isur intensity as 1meastrec ty either TVC2 or VC2 mazx scth~
cds. Ihefetc}e LbF dces not aprear tc Lte as semsitlive .ap
irocex c¢f &acute sy-pﬁthetic changes: 1nduced bty ele:cige ¥
published repcrts ct cther paraseters such és_heart(iate and
‘catectolasinpes.

/
7



. Ecr the experlirpent.

w

.

From the abtove ccnclusions, the folloving recommenda~

ticns fcr further research can be warranted:

. ‘ h B I . .
(1)The vse cf the AT as a point of relative exer-
cise i1ntensity Ltetveen individuals of varying fitress should

pe further exasined.
(z)Studies with large samples are required to ine

vestigate the effects of erercise con circulating DBF due tc

the large veriaticns existing i1a resting levels.

-

(3)Lengituainal s4¢udles are needed to elucidate'thé
etfects, tctl at rest and during exerclise, of training on

plasea LEH. —

HA8)Further studles lcnitoring the 1le¢vels of tLoth
catechclamipes ara LEE 11 the circulafion and cosparing
tbes; ?araleters betqezn trained ang uptrained stbiects
vculd dc such tc cetersine whether they'res;cnd 1n a siailar

mapner to exercise in the two groups.

Il

{5)The uvse cf LBF as an index of acute syspathetic

changes voulo nct be recczsendei.

’

(cifurther studles should include the measure of
- v »

Lctr V02 max and AT in the selection ot sutjectse This is to

avecld using subjects that vill not meet the criteria set out

-

{
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PENDIX A

Physical Characteristics of Subject Groups

Subject Age Height Weight
(yrs) (cm) (Kg)
Trained Sﬁbjects
AB 19 179.5 63.90
TB 23 179.5 62.50
RB 24 177.0 59.76
NJ 31 174.0 64.75
BS 31 174.0 69.60
DS 33 182.5 71.10
- -
X 26.8 177.75 65.59
PS* 20l 180.0 60.80
Untrained Subjects
RC . 25 : ) 179.5 71.20
PD 25 192.0 87.09
,PD 23 185.0 85.96
T™ 29 180.0 79.40
*NM 21 180.0 92.76
‘ o~
S 21 175.0 '83.90
% 24,0 181.92 83.39
Go* 22 185,5 74.12

* Data not used in subsequent statistical analyses.
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- APPENDIX B

Values for Maximal Oxygen Consumption and Blood Lactate
at 5 Minutes Post-exercise. _ :

Subject Maximal Blood Lactate
Ooxygen -5 minutes
Consumption Post-exercise
(ml/kg/min) . (mg %)

Trained Subjects

aB 77.18 y  71.06

B 62.50 ©131.47

RB 66,50 S+ 144.31

- NJ 67.90 54.29
BS . . 75.53 - 63.27

. DS 67.80 71.46

X . 69.57 . 89.31

pPS* 72.98 32.14

- Untrained Subjects

RC 52.50 - . 92.61
PD ' ' 50.00 _ 97.80
pD L 50.07 ' 60.48
™ ‘ 49.76 ' 113.98
NM . 52.90 ~ 80.04
. TS . 48.37. : © 66.87
X . s0.60 86.10
Go* - 40.14 ¢ 34,93

ARV

* pata not used in subsequent statistical analyses.

-111 -



<
”

LAY

- APPENDIX C

Oxygen Consumption (V02), Expired Ventilation (Ve), Lactate,

and pH Observed at Each Stage in Trained Subjects.-

Subject Stage vO2 Ve Lactate pH
) (ml/kg/min) (1/min) (mg %) ’
AB 0 . 13.77 7.298
1 48.43 62.72 .  14.17 7.269
2 49.45 68.84 17.96 7.277
3 55.86 80.43 23.95 7.292
4 60.85¢ 97.45 40.72 7.286
5 77.18 119.15 65.87 7.277
6% ' . 71.06 ©7.235
B 0 . — ' 6.44
-1 37.50 64.30 13.18
2 43.60 81.70 16. 48
3 52.29 95. 80 19.56
4 55.62t 116.50 \__-41.28
5 60.15 129.00 75.49
6 62.50 . 111.88
7% 131.47
RB 0 12.77 7.327
1 48.98 64.47  13.97 7.319
2 52.41 74.18 16.77 7.347
3 48.54 85.80 23.15 7.314
4 56.99 102.15 25.35 7.297
5 62.45+ 111.45 41.92 7.228
6 66.50 117.93 . 61.48 7.197
7% ' . 144.31 7.140
NJ 0 13.57 7.409
1 41.70 62.76 13.57, 7.391
2 50.20 76.83 3.97 7.418
3 . . 59,20 88.55 6.17 7.408
4 63.727 101.12 24.95 7.439
: 'S 67.90 112.07 36.93 7.206
6% o 7.324
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Subject Stage Vo2 Ve Lactate pH
(ml/kg/min} (1/min) (mg. %)

BS 0 "11.78 ©7.332
1 47.64 52.53 15.35 7.359
2 -47.25 62.38 11.78 7.326
3 60.76 . 84.66 14.37 .7.345
4 65.80 104.36 22,16 7.339
5 70.77 123,25 45.71 7.293
6" 75.53 134.52 52,30 7.176
7* 63.27 7.198

DS 0 16.57 7.316.
1 36.60 54.55 ‘ 7.297
2 39,70 64.34 7.307
3 51.20 86.34 13.57 - 7.304
4 54.50 107.86 22.75 7.328
5 -61.90** 127.38 38.11 7.263
6 67.80 147.77 53.89 (~7.L37
7* ' 71.46 7.219

PS** 0 - 15.57 7.291
1 48.35 59.38 16.97 7.290
2 50.66 68.01 15.57 7.334
3 61.09 86.54 - 16.37 - 7.296
4 63.40 103.89 23.35 - 7.310
5 72.98 118.67 32.14 7.265

. 6* . . 32.14 7'3ﬂ9\_,

* 5 minutes post-exercise

** Data not used in subsequent analyses

' TVO2

v
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APPENDIX D

#

. Oxygen Consumption (V02), Expired Ventilation (Ve), Lactate,
and pH Observed at Each Stage in Untrained Subjects.

-

Subject Stage vo2 Ve Lactate pH
. (ml/kg/min) (1/min) {mg %)

RC 0 16.37 - 7.323
1 28.37 37.29 20.16 7.265

L2 34.80 48.22 27.35 7.341

3 39.60" 64.37 32.33 7.298

4 52.50 93.11 53.69 7.258
5 50.41 109.41 74 .25 7.223

6 92.61 7.228

PD 0 o 10.18 7.366
1 27.03 46,91 14.17 7.415

2 31.81 58.09 15.97*\\ 7.426

3. 34.97 71.29 20.36 7.429

4 42 .62 97.93 31.34 -7.429

5 45.87 121.64 73.25 7.268

6 97.80 7.311

DD 0 9.58 7.304
1 31.30 55.81 - 13.97 7.229

2 38.50 69.76 15.37 7.274

3 43.28 86.37 20.76 7.245
4 47.,17'+ 111.45 37.92 7.248-

5 50.07 133.79 65.27 7.200

6 : 60.48 7.250

™ 0 13.80 7.323
1 28.41 50.89 15.18 7.315

2 .32 .42 63.32 25.64 7.316

3 43.45"? 79.52 30,37 7.328

4 46 .66 88.87 53.05 7.165

5 49.76 115.41 83.42 7.139

6 113.98 7.1

o
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Subject  Stage Vo2 Ve Tactate pH

(ml/kg/min)} (1/min) (mg %)

NM 0 12.38 7.334
1l 30.08 50.89 13.77 7.326
2 32.13 63.32 17.37 7.346
3 39.28%! 79.52 22.75 7.281
4 46 .48 88.87 47.70 7.297
5 46.94 115.41 58.48 7.232
6 64.47 7.139
7% : 80.04 7.157

TS 0 10.18 7.328
1l 33.97 57.36 13.57 - 7.308
2 35,04 66 .60 21.76 7.334
3 39.87" 88.17 25.15 "7.273
4 ‘ 45.77 106.42 50.70 7.279
5 48,27 114,71 52.49 7.208
6* ' 66 .87 7.227

GO** 0] . w 13.97 7.317
1 30.48 47.16 15.57- 7.318
2 34.95 57+35 27.35 -7.331
3 38.07 64.46 39,32 7.281
4% 34.93 7.277

o
* 5 minutes post—-exercise ] ¢*

** Data not used in subsequent analyses

L | Twz
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APPENDIX E
-

Hematocrit, DBH (absolute values), and % Resting DBH
Observed at Each Stage in Trained Subjects.

’t

Subject —stage Hematocrit DBH . % Resting DBH
: : (umol/min/1)

AB 0 47 62.2 100.0
1 50 : 72.5 116.6

2 .51 55.5 _ 89.3

« 3 51 52.2 84.0

4 51 67.3 108.2

5 1 68.9 110.7

6 ,E} 70.1 - 122.3

TB 0 7.7 100.0"
1 82.3 106.0

2 80.1 ) +103.2

3 81.1 104.4

4 77.7 100.0

5 93.9 121.0

6 72.1 92.8

, 7 92.4 ¢ 119.0

0 38 80.7 100.0

1 43 ~ 98.9 122.5

N2 43 85.0 105.3

3 43 86.4 107.1

4 44 73.0 90.5

5 4 80.6 99.9

6. :g 82.4 102.1

.7 85.6 106.1

NJ 0 114.2 100.0
1 138.7 121.5

2 115.6 - 101.3

3 110.4 96.7

4 122.0 106 .9

5 115.6 101.3

6 121.3 106.2
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Stage’ ~ Hematoerit

DBH

Subject % Resting DBH
(umol/min/1} .
BS 0 43 - 53.0 100.0
-1 44 44.0 83.1
2 43 46.3 87.4
3 44 62.8 118.5
4 46 51.3 96.8
5 44 48.8 92.1.
6 46 63.6 119.9
7 45 48.1 90.9
DS 0 86.6 100.0
1 88.8 102.5
2 86.6 100.0
g 3 89.2 103.1
x 4 85.7 98.9
' 5 83.1 95.9
6 71.1 82.0
7 8l.8 94.5
LY
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APPENDIX F - ‘ ot

Hematocrit, DBH (absolute values), and ‘%' _Resting DBH
Observed at Each Stage in Untrained Subjects. . :

o

Subject ~Stage . Hematocrit DBH . % Resting DBH
' (umol/min/1) "
RC - 0 off 3 100.0
1 101.6 111.3 -
2 84.7 92.3
.3 91.4 100.1
4 96.6 105.8
5 - 106.8 - 117.0
. 6 109, 3 119.7
"PD 0 40 - 73.2 100.0
1 40 72.2 98.6
2 41 . 65.8 89.9
3 42 . 69.8 95.4
4 43 75.6 103.3
5 44 56.6 77.3
6 44 75.5 103.2
DD 0 ' 58.1 100.0
1 60.5 104.1
2 59.8 102.9
3 57.7 99.3
N 4 73.8 127.0
' 5 . 82.4 144.0
6 62.0 106.7 -
™ 0 38 31.4 100.0
1 40 39.5 _ 125.7
2 40 49.9 158,.8
3 40 45.0 " 143.4
4 41 48.5 154.5
5 42 46,9 149.2
6 42 44.0 . 140.2

.2
it
¥

—
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Subject Stage  Hematocrit ~ DBH % Resting DBH

j e . {umol/min/1)
NM 0 42 - 56.0 100.0
1 44 46.0 82,2
2 44 47.3 . B4.5
. 3 44 50.3 89.9
4 46 49.9 89.1
, 5 46 ° 45.7 8l.7
6 46 .. 60,2 107.5
7 48 © 48.4 | 86.0
TS 0 41 46 53 . 100.0
1 43 46.3 100.0
2 43 48.5 104.7
3 43 46.5 100.5
4 44 51.4 111.0
5 4 49,2 . 106.2
6 44 43.3 93.6
- e
. C-'
.*i:;:;
S L]
k
~
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APPENDIX M

~

. INFORMED CONSENT

The present study is désigned to compare tﬁe ;;sponée
of the blood'enzyme. dopamine-B-hydroxylase. t;-an acute bout
of exercise, between trained and untrained individuals,

,Two treadmill running procedures will be invélvéd in
this invésfigation. In-both cases, the subjects will not have
eaten for at least two hours prior to testing. The first test
will be tpe maximal oxygeh consumption deféfminétion.-mhe
trained subjects will warm-up at a speed of 9.0\km/h for 3
minutes ané immediatel& perfofm each 2 minute stage at the
following speeds: 12, 15, 17, 19, 21, 22, 23 Kﬁ/h until exhaus-
tion. Similarly, the untrained subjects will warm-up at 6.0
Km/h for 3 Plnutes and 1mmed1ate1y perform each 2 mlnute
stage at the follow1ng speeds: 8, 10, 12, 14, 15, 16, 17 Km/h

until exhaustion. Expired gases will be collected through
| a mouthpiece attached throughout the test.

The second tesf. performed approximately one week later.
will be the anaerobic threshold determination which will double
as the acute bout of exercise necessary to investigate the -
enzyme response. It will also consist 6f treadmill running
to exhaustion. The trained subjects will warm-up at a speed
of 8 Km/h for 3 minutes and immediately perform. each 2 minute
stage at the following speeds: 9.5, 12, 1&:5. 17, 19.5, 22,

23 Km/h until exhaustion. Similarly the untrained subjects
will warm-up at 6 Km/h for 3 minutes and immediately perform
each 2_minute stage at the following speeds: 8, 9.5, 12, 1i4.5,
37,\18, 19 Km/h until exhaustion. A 5.0 ml blood sample will

| \\\' - 126 -

Ui

-y



L

be collected from each éubject initially at rest, during the .
last 15 seconds of each stage, and 5 minutes following tefmi-
nation of exercise. These samples will collected through a
catheter iﬁserted in a vein located in the arm, p;ior to exer-
cise. The catheter will remain in the vein thrqughouf the
procedure. |

Physical discomfort and a certain amount of risk of
injury associated with exercise fatigue will likely acpompany'_
both treadmill pracedures but is expected to be shortlasting.
Sﬁme discomfort may also result from the insertion of the
catheter as well as its presence in the vein during exercise.
There are risks, however small, such as infection, collapsed
vein, or bhlood coagulating in the peedle. that accoﬁpany
catheterization and blood sampling. A qualified technician
will insert the catheter and will be present for sampling.

Tﬁe information obtained from this’study will aid in
assessing the use of dopamine-B-hydroxylase as an index of

acute stress. The subjects will benefit by obtaining their

maximal oxygen consumption and anaerobic threshold measurements.

All informztion and data derived from each sUbject
will be presented in such a manner that the individual cannot

_be identified. Any release of information will be done only
»
with his knowledge and consent,

~

Inquiries concerning the procedures or any other aspect
involved in this investigation will be willingly answered by

the researcher.

/
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I, (name) ' ,.understand-the

nature of the study and the testing procedures'to be undertaken.
I am also confident that the risks will be minimal and any
‘discomfort involved will be short-lasting. I consent to parti-
cipate as a subject in'this research project knowing that I

am free to wifhdraw consent ahdldiscontinue participation at

any time.

Date

Signature

Witness

Parent's signature (under 18)
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Norms and Percentile Scores by

APPENDIX N

‘

Age Groups for Predicted Maximai Oxygen Consumption (mllkglmln)

-
-

. Males®
Age (Yr.} 17-19 20-29 30-39 40-49 .50-59 60-65
Excellent z 62 > 57 = 49 = 43 > 40 = 36
Good 55-61 51-56 45-48 . 40-42 36-39 - 32-35
- Minimum 49-54 "~ 45-50 40-44 36-39 - 32-35 28-31
Below
minimom 43-48 39-44 35-39 32-35 28-31 24-27
Poor < 42 < 38 < 34 = 3 s 27 < 23
Age groups .
Percentile 17-19 20 - 28 30 -39 40-49 50 - 59 60 - 65
100 67.9 63.1 54.0 47.4 438 40.1
95 60.8 56.2 . 48.7 429 39.2 35.6
90 59.4 54.9 ar6 ‘420 38.3 347
85 577 53.2 46.3 409 37.2- 336
80 56.6 52.2 455 40.3 36.5 32.9
75 55.7 51.4 448 39.7 35.9 323
70 54.9 50.6 44.3 39.2 354 31.8
65 54.3 50.0 437’ 388 35.0 L34
60 53.5 493 432 as3 345 ag.9
55 52.9 48.7 42.7 37.9 34.1 30.5
50 52.2 48.0 422 ars 336 30.1
45 515 474 417 371.0 33.2 296
40 50.9 46.8 41.2 366 32.8 29.2
as 50.2 46.1 40.7 36.2 32.3 28.7
30 495 454 402 358 31.9 28.3
25 48.7 447 39.6 353 31.4 27.8
20 47.8 438 389 34.7. 30.8 27.2
15 K 46.7 426 38.1 34.0 30.1 26.6
10 R 450 - 411 36.8 329 29.0 254
5 _ 436 39.8 35.8 32.0 28.1 24.5
0 36.5 330 30.4 275 23.5 20.0
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