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CHAPT.Cil I . 

IifT.LcO:JUJT ilJH . 

The c ommon l abom."er in the golcl mininG industry 

of the Republic of Sov.t h Afri ca has be c ome such an inte gral 

pai"t of t h e daily minin e; proc edure tha t he cannot be re:r_)la ced 

by i ndus trial mechani z ation . Every mo.chine needs an operator , 

but no mach i ne c a n L1stall a pc1..ck or rG111ov e a hyd ·aulic :::,rop , 

and l a shinr; on wh ich px·odu.ction l . .n .... _;·ely de _p ends c annot be 

done s o thorou6hly by any machine . Thus an efficient 

minins procedux·e in thi s c ount l"Y re c:_uires the employment of 

sever ~l t housands of labourera per annum . 

This l a :c·:;e l abour force is com;;irised of local Bantu 

l o."uourers and is supl)lemented by l a bou:ce :cs from nei::;hbouring 

s tates . D, ._ e t o the contr a ct of l o.boui .... ers , a 100;_; turnover 

of the labour f or ce r)er annum has be c ome thG lJl"a ctice . 

I;ff i cient us e of t :li s l abour fo:cce calls f or a suc cessf1..u 

method of "placin(; t 11e :cicht man i n the right job as soon a s 

11o r:i 3 i bl e " • 

Al l under~,I'ound tasks l"e~_ui re a _·Jhys ical effort , 

some more i ntensive than others . Fol"' the e s tima tion of a 

worke r ' s a bil i ties , t_1erefo:;_ .... e , a sound ::_ ,hys i ological con­

stituti on s houl d b•J kG1Jt in raind , wha tever method of estima tion 

i s ::?:;_,..,o?osed . The e 3tii.1, ,ti on of ma ximum c apac ity in ma n h a s 

been }!ro~;io;:;ed by v a rious aut}10i."S . Such an estima te would 

enable t h e st:,.---onL~e:r· mo,n to be s elected for a t ask rec;-Lu ii---ing 

a bi6c;e l .... :physica l effo::,...,t , and vic G v ersa , Wo:;.. .... k ing men could 

then be cl assif ied into Groups for v arious tas k s . 

Labou:ce:cs would t licn be s a feguard ed against wor king 

too hard in t he i i--- jobs , fo r t h e s ui1ex'Vis o:c would know exa ctly 

wha t to expect fr om ev e :.-y man . This would lessen the medical 

SG :t::'Vices rec:•_nil .... ed by these j_)copl e in ~eneral , and more eff i c ient 
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wo:;_"'k pe:i."i' oiroinanc e s may be ex::_:ie ct ed from a heal thy worker than. 

f rom a s ick , ovex· wo:cke cl man . A lc:1bourer c an also be 

enc our.:1.ged to wo:;.."k a t his maximum output by the applic a tion 

of a n incent ive bonus system. The man agement by knowing 

a man ' s c apabilities , c a n now judicious ly allot the bonus 

money . If a gr oup of r,ien , however , are alrea dy WO:i.."king a t 

ma ximum output pe:c uni t time , the production c ould be moi"e 

successfully increa sed by an additiona l l abour lo~c e than by 

increasing t h e bonus money . 

Tl1e ::_i ciychologic o,l and mGnt a l c omponents are 

i gnoi ... ed in t J.1is s tudy , wh i ch i :J ma inly conc e rned with the 

Ilhysiologic al and bioch emic c.11 a s :i,;e cts of phys ical effort . 

Statement of t he •Jrobl en . -------

~his s tudy is mai nly con cerned with a dual i n-

vest i g ;-~ tion . lii,s tly , it includes a i,1en-0al e xtl"--1:L1 OL1. ti on 

to c on s t:;.."Uc t f :;.."om the f ind inGs of many au thoi .. s , worki n g 

und er v a :;."ious c onditions, a general view of the l a ctic a cid , 

excess L .. w tate a nd py1"Uvic a c id metabol i sm du:;."in{~ exercis e . 

Tl1is task was rendered nearly impossible due to tl1e d i ver-

g en t t e chniques e:·,1IJloyecl in the pa st . Thi s was found to be 

the raain ~eason for the controv ersy ruJong .ruthors . 

The li te:r·o..ture , :,:-·eviewed in Chapter I I , revealed 

t hat scanty resea r ches were c onducted during t he period of 

exerc ise , :1,nd tha t t he av a i l a lll e li te1 .... J. ture is limited by 
the different blood s ru .l}iline, ti:.:1e-s .:;nd t~chni r_,_ues in cv.:.c~cent 

use . The diff c:,,_ .... ent types oi' ex2rcise em:-1loyed and the 

inability to def ine work st:.ce ::rn . .ic cu:i. ... :1.tely have l imited t h e 

useful c.. .. nd comj_)ar 2.bl e d o.. t a av a ilabl e even furthe ::c . 

Se c ondly , t he r,10Te s:~e c ific aims of this investiga­

t i on wei"e :-



1 . The appl ication of a method of analysis , proposed. in 

Chapter II , to the data of a l a r Ge group of subjects s o a s 

to investiga te the general t rends of l Qc tic a cid , }Yl'UVic 
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a cid and excess lacta te relative to time for different ~eroentage 

of the maximum oxygen i n t ake values . A c omparison was then 

made of tha t stage in meta bolisra at which ea ch of thes e 

meta bolic :pal"ameters star ted to a ccumula te exc ess ive y, and 

also t h ose st:ices a t which the "~:'::=;:=:M·_rises" disa:;_):;_1 e a red . 

2 . The rela tionship o:f the maximum he <.1rt r at e value s to the 

O:!.)timum percentag-e of the maximum oxygen intake a t wh i ch 

work c ould just be susta ined f or 1 h our only , was also t ested . 

3 . A Criterion wa s proposed fol ... the evalua t ion of wort: stress:­

a ) I n l ndust1--y . 
b) In exerc ise physiol oey , whi ch is badl y in need of a 

physiologically sound and univer s ally ap:;_)licable 
criterion . 

The average exce ss l a ctnte v alue s and heart r at e 
values a t each o~· the pro:;_:) osed l evels -..re-_,_,e al s o i nvestigated . 

Limita tions . 

The Vc.tlue of t his study mi._:,ht be reduc ed on a ccount 

of the foll owinc l i mi t a tions: -

Analys is of the d,"'.. t e1 nec essi t c t es the grouping of 

experimental ::.."uns into d i f:fe :ccnt percentages of the mo.ximum 

OXYG811. intake 

other , h c1,vinr; 

exc e j;) t a t 95% 

value . The s e 

been allowed a 

which l:.3.S been 

c;roups were 5~~ apa1--t from ea ch 

sc cttter of+ 2{v in all ca ses , 
all owed± 3% due to fewer 

observa t i ons having been re c o::cded in that re ,~·i on . The 

allowanc e of .:!: 2% in nearly .:tl.l ca s es rni s :1t n ow am}Jlify the 

sca tter of l ~c t ic ncid , ~y1'Uvic QCiu and excess l ~cta te 

c oncenti-·ation a round t he uctuo.l ;;e~ccenta .~;es di s cus sed . 
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Also , due to t he length of time devoted to experi-

mentat ion on e a ch subje c t , it wa s imposs i ble to c ontrol the 

outs ide a ctivities of the sub jects 9 esj_)e c i ally ovei.., week- ends . 

This mi ght contribute to a devia t ion of :results from the true 

v al u es . 

A slight error i n results mi ght oc cur due t o the 

experiment c:1,l runs being done in the pos t - p:r·andial sta ges of 

nutrition (T . ~~. F1..,iedemann et a l . 1 945) . 

Bl ood sa.11:)les , c ollected from the prewo,rmed finger­

ti :i_) , we:ce used in the anal ;ys e s for l a ctic a cid and pyi"uvi c 

a cid c oncentrations . These mi ght no t resembl e t h e VL'tlues 

obta ine d from a :rteri~l blood s runpl es (D. 2 . Ba rr and 

lI. ~ . Ilimwich 1923) . In thi s study , h oweve:c , c t lea st 72 

sepa r a te blood Scw.,1.,)les wer e c olle c ted ove:c a :period of 18 
working days from each subject . This l a r c e number of bl ood 

s arnples , collected ove r such a l ong :Je:;...., i od 9 1;1ade the c ollection 

of bl ood s a.m.£Jles by ii1G 8.ns of an indwelline needle impr a cticabl e 

Si gnifi c ance of t ~1 i s study . 

This study h a s pro~_) osed and a pplied a metl-1od by 

which the :re sul ts of l ::1ct i c G.cid 9 pyruvic a cid and exc ess 

l o.ctate of cmy sub j e c ·c c o1.1.ld be com:i_Jared to that of any other 

s ubject or .zroup of s u bjec ts . A valid su.il'lir1a tion of t h e 

:;,.
1 e sul ts of different s u bjec ts we,s unhea :;,...,d of in t he ps.st . 

A ~hysiologically sound crite:rion fo:r t he evalua-

t ion of work s t ~esses i s also propose d in this study . The 

p11 e cise evaluat ion , wh ich c onsid ers c..tnd t r e a ts all :nen on 

t h e same ba sis , h a s ma d e possible the well defined and 

cle ,=Lr-cut description of the wo::,~·k 1Je :.."f orr,1ed by e i the1 ... sub ject 

o:r l a bou::cer . 

It seems t ha t t he higher the ma ximum he a.l"t r a t e 

v alue t he lower will the op tirnum pe:i. ... centc3,_;e of the 111.J.xiinum 

oxy ;;en int a lce be , a t w11ich work c an be sus t a ined fo::c a unit 

t i1i1e and v i c e v e:;."s,1. T;1.is findin3 will a id the sele ct i on 



of a t heletes and soldiers when volunteers of t he s ame 
capaciti es ar e t o be chosen f or emergency jobs . 
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Li v in:; i112-tter is considered to be a thermodynamic 

unsta ble s ys t em which d 2pends on a c ontinuous su1J:Jly of 

enerG,Y for it's r11aintenanc e a nd the :performance oi' its every-

day t s.aks . This ene:;:"i:.:,--Y is suppliecl by the ir1 vi v u ozid .... ~t i0n 

of v a rious o:cg2.nic substan c es to water and c ::i,rbon di oxide . 

I t is thus clear tho.t the utiliza ti on of oxygen is of vital 

i m:)ortanc e t o t he a nirnnl body . r:owever , in animal ti s sues 

t 11.er-o is a,v ,J, i L1-}?J e anoth2r ene r ,~y- yielding 4:xroc e ss know-fl o,s 

glycolysis or l a ctic c1cid fe rme1-:t:...t ion by means of which a 

6lucose 1,10lecule c o.n be s 11lit i_"to 2 mole cules of L i c ti c a c i d 

in t he complet e a bsence of oxyb en . The vital i m~ort ance of 

such an emel"'Gency me chanism for the supply of enere,y to the 

animal tissue needs no em.9h a sis , i f it is lrn:;::it in mind tha t 

a lmost all a rduous t .:1.sks a re l)erforrnod und e r ::._)a.i,tly anaerobic 

condition s . 

1 . L~ctate c onc entra tions in blood . 

The a ccw1rul a tion of blood l a ctic o.cid i s undoubtedl y 

due to the nuscl e me t a bol ism being c om uc t ed in ,.m oxygen 

defici ent 11milieu interieur" . 'lhis find i n[s was l irst demon-

s tro:ce cl by 1.f . :1 . ~:11 et cher and ::1 . G. Hopkins (19 07) , whil e worki ng 

on isola ted 111uscl c fi bJ.."'e s . They observed thc1t l a c tic a cid , 

a c cu.Inula.ted w1der anaerobic conditions , disap1 eared on the 

2,dministrs,tion of oxyeen . 

This :r-enmrko.ble e:o:rr e l at ion be tween oxyc-en and the 

l a ctic a cid o,ccwnul a t ion h o.s be c.:i.me a matter of extensive 

inteTest . O. JeJ..,ye l l (1928) , A. V. IIill (1 9 23) anc~ others 

ret ested this c or:ccl at ion Lt,ivo with c ons i derable success . 
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. . V. Eill (1923) found tha t~-

"if the o::wc8n supply be adeq_uc1tG , a 1 steady state ' 
is ~:>eachecl in which the .cate of lactic s.cid :;_;ro­
duction is bo.lanced by the rate o:f its oxidative 
i ... emov..:,,l , and its concent::;.."'ation rei~lains constant 
i n the muscle as lon0 o.s exei~cise at that speed 
is maintained" . 

O. Jervell (1 928 ) 011 the other h and c ontrad ic-ced 

A. V. llill ' s finding when he f01 .. md th._:i, t the hic;hest lo,c t ic 

::.1,cid conc entrc1tion ::;_ ... eo.che c't in blood du::;.. ... ing an e:x:) erime:'lt::J.l 

run w~rn du:ci ng the f i :rst fr~w 1i1inutes of exercise and the 

lowest v 2 .. lue in the l as t minute of exercise . 

A. V. :i:-Iill et a l . we_;_ ... e lo.ter sup1:>orted by G. Lundin 

and G. 3 trom (1946) who cla ime d. that~ -

111rhe :cise fro1,1 the rest v alue to the .cJtcs,dy 
otate value WiJ.S found to have a c erta in in­
v 2rse JH'Oportional rel ·1 t i on to the :,;) J,rtial 
pi ... essu:ce of oxy.:::;en of the ins:_,iired (;GS mix­
ture 11 . 

O. Banc; (1 936), woi ... king on t :co.incd subjects , found 

the hir;hest l a ctic u.cid concent::;.."'a tion to occur du:c-ing Uj_J:;__JI'OX-

i 11.::,,tely the 5 tl1 1,1inu t e o:f exercise . 

wn s :ccf erred. to .:,,,, the ":,rirniJ.ry rise" . 

11.'; ij_s }:)ror.1inent elevation 

::oweve:c , he differed 

£:com O. Jervell (1928) by not finding the lowest L-wtic .:.tcid 

c onc entr2.tion in the L .ts t 1;1inute of exercise , but claimed to 

have recorded a "t:;2cond.:11 ... y :;:•iac" during the l atter sta('_,; es of 

exercise, which does not bea :,: any constdnt relal onsh ip to time . 
,I\ 

Accoi"'ding to G. :Lundin et al . (1947) , ::? .r . :skildsen 

(194 5 ) sta ted tha t: -

"Thc bloo~ l ;__~ ctic a cid concenti"'a tion will, i ... e a ch 
a 3tca dy sta te o.ftur ,,, tem:;:iorary rise above this 
l evel at the beginning of the work 11

• 

~ . Asmussen (1 950) found n eTadual increai:lG i n the 

lnctic acid c oncentr3tion r elat ive to time . 
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The existence of the primary elevation was al so 

confi~med by ~.v. Flock et al . (1939) , who descri bed a trans i ­

tory product i on of l actic ac i d in rats indulding in exerc ise 

not resulting in continuous l ac t i c a cid ac cumulation . 

I) . Harris et al . (1 962 ) f ound that the ''primary r ise " 

oc currec between the 5th and 10th minutes of exercise , while 

IL=: . Johnson and II . T . Edward s (1 :3 37 ) and J . Te:i;iperman and 

H. M. Tepporman (1947) found tlw h i ghest l actic a cid c oncen­

t ration between the 5th and 15th minutes of exerc i se . 

B. Fernow and ,J. Wahrcm (1962) found tf.1.e l a c t 2.t e and 

~:yruvate c oncentrations of arterisJ_ an(l cleep v enous blood t o 

differ s i gnif i cantly during rest . During wor k l ast i ng ± 4 

mi nutes , eleva ted l actate and pyruvate concentra tions oc curred 

in both ar teri al and V8nous bl ood sampl es . 

In s pite of E. Asmussen ' s (1 950) clai m that a f a ir­

l y precise picture of the l actic ac i d rel ativ e to time curve 

has be en established during the period of work , the above 

revi ew of the literature clearly point s to the fact that all 

ha s not yet been agreed upon . Controv ersy s till exis t s, 

both about the existence of the nprimary r i s e 11 and the cause 

of the l ac t i c a c id concentra tion cu1 ... v e rel a tiv e to t ims 
dur ing the l a tter st ~ges of exercise . 

2 . Blood s ampling tim_es a.~1.d method ol ogy . 

Many different blood so.mpl i ng t i mes , t e chniques, 

exercises and sub j ec t s were used by differ ent investigators 

in the pas t . This seeus to have made comparison of data 

v ery difficul t , be cause a bl ood sampl e taken during the peak 
of a "primary ris e " will most definitely d i ffer fror11 a sample 

t a ken after the 11 pr imary r is e " ha s disappeared . The f ollow­

ing are s ome of the different te chnic_;_ues employed: -

:i? . O. Rs trand (1 952 ) colle c ted bl ood s ampl e s from t he 
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J.) :Ce- w.:1:i:1,12d f' i n ::.,·e 1..,ti :;J ~-- 2 minut es and a l s o 4- 5 ,mi nut e s a f t e r 

exerc ise h ad st op~cd . Th e trGadmill r un l a sted :f:.."'om 4- 6 

minut0s 2 o,nd t }10 uo:ck l oa d chosen wo,s one wh ich would 

exhcmst t ho sub j e ct i n t h e men tion e d time . La c t ic a cic1 

concen tra tion s we1"c d c t e rmi n ocl . 

J? . O. Rstro,n d. e t a l . (1 963 ) c ol lected bl ood S.J.i:1:Jles 

f r01,1 s lders af t e :c p cri on·,u~1.ce s . The h a nd of the s ~ i e r wa s 

wa s h2d fo r 3 mi nu t c s ·bef 01 .. e the :i'. i n c;ort i :r_; wa s :i;mn ctu1 .. ed. . 

J . 'l'e ~;/pcrfoa::1 ,J,l1d :~ .r: . Tey:pen11a n (1 948 ) a l s o c ollec­

t e d bl n ou , ,fto:c· e xercises of s :10:ct du1 .. a t ion . 

mocl.e:rcJ.. t e and s ev e r e i n tenuit i e s were done on a bi cy cle erg o­

me t e r . 

:.1. ·-:; . Johns on and H. T . ::::;awa r d s (1 937) c ol l e c ted blood 

a f te:::..., treCLc-1mi ll 1-unni n c; a t a high wo~:-k 1,...a t2 wa s c om:::.Jleted . 

P . Ha rx·i s e t a l . (1 96 2) u s ed an indwellin g n e edle 

i n t h e br a ch i a l n1..,te1,...y f or the c ol lection of bl ood s anrpl e s . 

\fork 102.d s oI v a r i ous intens i ti e s wer e: i nvestic;a te;e:. for a 

period of 10 mi nut e s 9 c1,f t e r wh ich t he re cove1,...y :Je:ciod wa s 

f oll owed fo ::c 20 mi nute s . 

O. Bang (1 936 ) stud i e d t r a ined a nd un tra i n e d men 

on a st ;: .. tiono.ry llicycl c ex·c o1,1e ter . Blood s m,1:z)les were 

c ollec t ed du::i...,ing and c:;,:i.·ter e x e:ccise . The wor k loads d one by 

tho ':,u b j e c ts were chosen nt r and om and n o t e d .i n the w:ci te-

u :.;i s . Ifoweve r 9 t h e physical chc.1:ca cte 1"i s ti c \ s a nd 1,1aximum 

oxy
0

en inta ke ol the s u bjects were n ot stuted . 

T . E . I-1ri ed ernc:,,nn e t a l . (1 945 ) c oll e c ted bl ood s cunpl es 

fl'0m s ;1b j ccts 2.fter worl;:: o:C a l ow intens ity wa s pe :eforrne d , 

such c.s of f i c e 2.n cl l a bora t ory \ JO Tk . 

,:.i . Asmuss en (1 950 ) i Ev estiG:1t ed l a c tic a c i d 2,nd 

:pyruvic a c i d c oncentrat i.on s du~in{, and a fte :r· heav y i11Uscul a r 

wo1"k . An er.=;omet <.; l'' was j_) Od all ocl fo~~ 20- 30 minut e s i n e a ch 
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CC\.3e . 

G- . :Uund i n and G. ,_;troi1l (1946) c oll ected bl ood srun.1;Jles 

during exei ... cis e fro~1 subje c ts , \iho were fit and f,tlly fimilio,r 

vrith the experiment2.l :;:)1 ... ocedure . The experimento.l :...'Uns 

Listed 45- 50 mii1utes CG.ch . 

3 . l·yruvz.t. te concentr:1tion .... in blood . 

The scanty r8SC <...1:...' c l1 ::w :1iL~blo on this mctaboli t e 

c an be c1tt1 ... i buted 8 i thei ... to the s111all riwJ.nt i t ies present in 

bl ood or to the V '2l ... Y s ensitiv e met:1oc1. of analys i s of reL1tive-

ly l a rge 01antities of blood . The importa11c e of thG _1?.yr1::1-v t c 

L.1cid c onc entrc1tion for o.n unclerst ,..:,ndin '; of the oxyg en debt -- - - -- ------· - .... --- - ...... ..., - '- ,.___ ,__,.,. . .,.. ... --- ·---
c onc e:c)t h ;_1s be en stressed ( vl . E. IIuck u- bee 1 95G ) . It wns al s o ---·-- - ... --i--•-___, --=--r ~ ...... 

pointed out tha t pyi-·uvic acid is the immedia te })recursor of 
__..,,,.....__ ~--- -----· ·-·- -· ... ..,.. --- ~ __ ,....,""""' 

lac ti c -1cjg -~uri.!1-J o.nc:.W .J.. ... ubic con9:_i t i ,o_E.s (~ . Asmussen l 95 C) . 

'l' . ::::: . :i?riedGnc:.nn et al . (1 945 ) s h owe d ci,n i ncreased 

1 ... estin,~ :pyruv ate lev ..:,l c...lter ing.:.;s ti on of both c a r b ohydr:-ttc 

a.nd _prot e in . Neither the i n5ostion of fat , even i n l c1rge 

c~ua:1ti ties , i1or li0ht r:mocul.:,r exerc ise have had ..=my i nfluen c e 

on the bloo _Jy:cuvs. t e 1 ~·ve1 . By climbing up ste:._,s at a r <J. t e 

l ... ep:rcsentin,'s s. l oad of 65 0 kilOJTJJTlI!leter/ni n . t he blood 

J;)yruv .1. te lev:;l ·,,1c.is incl'O~"'.. sed ove r the resting v ,J..lues . 'I'hi s 

finuin2; wa;:, c onfirr11ed by ;.:; . Asmuss en (l'J5 J ) who found t ho.t 

tlw _,yTuv~1. te o.ncl Lwtu. te ic~v cls inc::i:·eased exc essively onl y 

a fte:c \Jor't~ load s 'di t h oxy, ·en c onsm,rption r a tes of 2 . 5 L/min . 

:Ie found t hat the J:1:r:i.,..,uv a te conc entration 

of blood rccichec~ its 1iL1..ximum v :i.lu .:.: du:-il1£; tha first f ew :;.,1i nu tes ------ ,.,~ ..... ~ ~ ~~-~-- ~ 
of l ... ecovcry f:;_,..,o I! h.2:.: ?-~ r~~S_9;l+-cJ.l ... ~~re~~~, the l o.ctic acid 

c oncentrat ion a.·;ain dec: ... c.}ased im:.1ed i atel y after exerc isG _____ ,,, __......_...___,,_ ____ ..__ ·~· ~-:-------.i .. ..,. ..,.,"CK~ ..... ~ ...... ---.-1---· 

:~) . HCJ,rris et al . (1 962 ) found tho. t the pyruv.-ltc 

c onc entra tion i n blooc~ incrG a secl thr-ougLou t t he entire 10 

11i nutes 0.1~ exe::ccise 9 reachinr~ i ts maxj_mum concentra tion 
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2~1-- 5 rninv.tes aft ej_• exe r ci s e h a d stopped . Sometime s , however , 

there occu rred a peak durin g exercis e and a lso u p e ak aft er 

exer cise . Thi s p e a k i n the i_)yruv a te c onc entrat i on . du:..."ing 
- ----- ..... _,-,;1,.J 

the :re c ov 2:... .... y from exercise , wa s :rGa ched l c.i t er t h an t h e :.,') e ak 

i n l a c ti c a cid c onc ent:... .... ,t t ion (n.:c . Johnson :md ~J: . T . Edwards 
t...=::,;.;; "·-~ 

1 937 ) . 

J . Teppe r mo.n arn.1 II. M. Tepperman (1 947 ) found t hat 

tho ma xiH1ur,1 py:...-uv i c a c id c onc entration i n bl ood occurred 

a pproxim.-:t cly 15 :i.1i nu tes after the be c;inning of exerc i se, while 

t he l o.c t ic o.. c id' s n 2.:::~i , um c onc entrett ion a l way s oc cu rred before 

t h :, t o:f :1y1~vic a c i d . 

L1 .0'cne :..."' c1l i t wa s c onclud ed tl1cJ. t the r.1c1x i mum py:;_~va te 
--- - -;:::..·~-.. ·- •. ...=..= 

concent:;."' -=1tion is :i."'e o.ched l a:ce r than tha t oJ l a c t u.te , be c aus e - -----=- -- -- .~ -=- -·---~ ·- - ~ --

of an oxid D.tive c onver s ion oI l a ctat e t o pyruva. t e i n t h e 

non__-:-e xe :-:. .... cisinc; t i3su es (liv er) . 

4 . La c t.1. t e and :.. yruva te d iffus ion arn.l rem.ov al rate s . 

'. I . E . Hucka bee (1 956) inv estigat ed , 1"I'he contf•ol of 

concent:;_,a tion c;r a d i ents of Pyruv .:. te and Lac t at e; a c:r·oss c e l l 

membi.'cin e s in Blood 11
• I"c wc1s ~)o int e d out tha t 9 by as sumi ng 

a rte::ci a J. pl a sma pyruv2. te concentra t ion s t o be eq_u a l t o tha t 

of '-1.::cte r i a :i. bl ood , c1n e1 .... r o:c of 22i;; ha s been ma d e: . The plasma, 

11y::;:'l1v .::. -c e v o.lue s ci,J. s o aV E; :..."'uged 13 0% h i gh er th2n t :1ose o::;: cells , 

and the l a cta te v ~"lu.es 3 7 ;0 high c :i.."' . Th ese i n ec_;_ua l i ties a1,...e 

in t he s ar,18 dire ction a cross t :1c c o:Ll membrane . Cor rection 

f o.c t or s hav e t ]1en been p:-... .... oposed t o c onv e :-c t t he whole blood 

V8,l u3s to pl Gsma v alue s, by 111e o.ns of the rn.ul ti1)l ica tion of 

l a c t ic c.cid and py:i. .... 1-.:rvj_c c.1. c i d c oncent r a tions by 1 . 08 and 1 . 22 

re s :i;:;e c ti..vel y . '.Lhus tho c onc ent :;'a t ions i n bl ood wa ter we:i. .... e 

si ;3:r1ific ,1.ntly 1 0,,1..-J :-...~ thzm those i n i_.il a sm,J, water, t :1i s wa s also 

the f indin_z in ea ch i ndivi du al s e t of det e rmina tions . 

'. /h e t h e r t ~1i s r el a t i o~ s h i p 9 found in r.1embr an es of ery­

t hrocytes, exi s ts in other cells i s a ~ossibili ty tha t h ~s n ot 
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been ruled out , ~Jo c .. 1us e of tlw very a ctive an d unsta ble 11.J.ture 

of l act ic a cicl in the tissues r emoved fx•om the body . 

A. :i:1 • H:..:.r tmann nnd h . J . :~ . Senn (193 2) injected socl.iw,1-

:c-la ctat c i nto the blood . Ove:c a period of 30 seconds the 

rJlo oc.1. l cc t 2. t e c onc cmtrat ion wa s el2v.J. ted to ± 300-5 J0 m.:;iri . / 

1 00 cc . .h' te:-c 15 mi nutes of the injection 90% o:f the l a ct c.: te 

h ad bean renoved a nd the l actate conc entr a tion in blood wc1s 

between 30- 65 mui1 ./l00 cc . After 30 minutes the l .J.ctu.t e 

c oncentra tior. wa s still slichtl y elev a ted , but after 60 minutes 

it wa s b~ick t o normo.l . At the end of 2 hours , however , 
subno:cmal levels se e1,1ed to occu:c . 

fall i n bl ood lactic a c id c oncentrat ions we s due to:----------------a ) Diffusion into b ody f luid . 
b) 0xidc,ti on cmd c onve::.:'s ion into 0lycot;en . 
c) ~xcreti on into urine . 

Th e l c:, ttei, more _zr 2.dual f2,ll s ee ns chiefly due to ... ... 
t he me t abolism of t lle l a ctate radicle , and this wa s a lso 

i ndic,ri:;ed by glucose :c~nd 1Jic m:-bonute c onc entra t ions in bl ood . 

By work inc on rer.:1tinc; fr oc; muscles , A. Ghaffer 

(1 935) f ound t hat only on e thi_;_,d of tlw 1,J.11scle wate:i." appe a rs 

to be invol ved in the diffns:i_on ~_) ro c ess conc ei"ning d- l ,1,c t ;~i te , 

t he rest is s:1ut ol' :2' 1Jy 1110mbranes impenuea. ble to l a cta te . 

These po:rt ions l1c.:.ve been c L1lled " inters i_mc es ;, ,i.nd "cell s n . 

Th e f c7-ti c ued , h eat 1,:L2;or 1~d and exci t ecl uuscles see11rn to differ 

in t h is rcs:.:·cc t . The s e ~u tl101"s then c oncl ud e<l that : -

" 'The i nt c:wt animal .9ossesses some mecllan:Lsm by 
which a r eldtionshii} , betwe en the c oncentrc:~ti on 
of I cells ' and I i ntf-:! :i. 'a ,·,aces I is maintained 11

• 

i_ . G. Eg.:; leton and C. L . :Cv o.ns (1 930 ) f ound the lac­

tic ._ . .__: i c; concent:rat ion j_n ti .. ;su r_:; to be less tha n tha t in bl ood 

:.;:il o. s m2. both during- res t and recov ery f rom exer cise . ' foscle , 

howeve1, , doe s no t c ome into cr:Lu.il i brium with other tLrnue or 
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blood until 1 0 minu t2 s af t e :c t:1e end of exe :;:'cisc . At e q_uil i -
b :-i. ... i um t11u;_1 the muscle lact:J.te was l owc :-i., t Jn t h .. it oi' the 

nrt e:ri a l i)lood . 

The above :-i. ... ev ieu of the d i ffusion of J_..:1ctc..:.te i ons 

h a s still no t bc0n a~reed u pon anu seems t o be J fie l d in 

wh i ch anyt} nc c an lJe r eve;c1lecl in tho :future . In studies of 

lcJ.ct ic gcid t'.1e _;?y:-i.--uv _l te c oncentx·a tions must n ot be omi tted 
( '.! . E1:c~:abee 1956 ) . 

Th e remov a l of lactate f r o:i"i'1 bl ood wa s f ound t o be 

due t o a :-i.,.,ariid d j_ffusiun i n t o the total bo~ wu t c r , a smal l 

amoun t o ,3i ne; excro t ecl in the urine and t h e rest oxidized and 
~ -·'--=,-----= 

conv e:,."tcd_ t o J l y c ogP-n . ~:videnc e f o:-i." t h e oxid ,i.tiv e remov a l 

of l c.ctic ac id wa s found in bo t h [sluc ose 2nd bic o.1"bonate level s 

of blood ( 
~ ;7 

fl • ..L' • HC1rtmann and Ii . J . ~ . Jenn 193 2) • 

1·1. G. =:c;cl e t on a.n cl C. L . Ev ,1.ns (1 930) found the site 

of l ac tic a cid p:i.."'Oduc tion. to bG L 1 t he a ct i v e mu.s..cJ_ 'l'he 
r estinb in:J.ctive muscl e and the l i v e r possess the 2,b i l i ty to 

c onve1,.,t l a cta t G f r om t he blood circul .t tion into gl y c ogen . 

The lunz s on t he ot her h and h a d no &ill .,in t he l a ct i c a c id 

r emov al du:.;_, i n g r ecove1-y from e xerc i se . La.ctic a cid is r emoved 

f rom the bl o od duri n g r e cove :cy a t a r2,te of 2 mg . / l ~Qc c • .12,E_E~ 
minute . 

A. J . IL-1r t mann and I1. G. b . Senn (1 93 4 ) i nv es tigated 

t he complete me t abolism of sod ium- r-la cta te i n s ub jec t s with 

i mpo.i:i..,.,ed l i v er and kidney functi ons . It was f ound t hat , in 

t .1e foul~ c ases of a cute c a tha rral j aundic e stud i ed , t h ere WcJ. S 

a. del ay i n the c ompl e te me t abolism of l a c t a t e . 

H. R. Alpert o.n d .C . Trager (1 956 ) , wh i le wor k ing on 

ba rbi t nl ized dogs 9 f ound t he same exc e s s c onsumption of 

oxy gen before a nd after c om)lete hepat e ctomy and evi s c era tion . 

The l a cta te levels of n ormal d ocs rapidly r etu rned to c ontrol 

v a l u es , whe:ce :.:i.s t hos e of operat e d ani mal s r 2mained elev a ted . 



In t '1e noi 'I,ial , i nt.1e t c.1.nd lightly a n esthe tized 

d og , 'l . T . Goodal e e t a l . (1948) found a c on s i stm1tly high 

c or oncJ.ry A~-Vx d i f f erenc e of oxyc;cn , pyr uvic a cid a nd l a ctic 

o,cid . If t h e c or on ,_1,r y blood flow WcJ. S con sidered, c1 very 

high myoc o,rciul utiliza t i on r a te of the s e meta b olite s c ould 

b e pointe d out . ror 40- 6 0~ of t he t o t o,l c CL::dio.C oxy ~;en 

1:1-t_ilizGd mu st be consur,1ed , to e n sure the c omplete breakdown 

of c a :rd i a l l a ctic a,c id a n d pyruvic a c id t o n2o and CO2 • 

In t he a L ." ven til a ted h c a .,_ t - lung :pre par a tion , 
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C. L. Ev ans c t a l . (1 934 a 2.: b ) f ound t ht.1 t o, he,n"t we i ghing 

90-100 gm. wu s a bl e t o r emov e a pproximately 7 mg . of glucose 

and 234 me . of l a c ti c a cid from t ho bl ood in 1 h our . 

Adren aline u.n d i ouoQ.c et ic ,:..1.c i d c ~msec1 a n out ;iut of su_;a.r f rom 

t h e h e c1.rt, whil e iod oac e tic a cid either d i d not cho.n g e or 

re s ulted in a n i n cre o.L ed uptake of lac t i c a cid . The origin 

of lac t a te i n t he he a l"t- lunG pre par a tion wa s due t o glycolys i s 

i n b oth bl ood a n d lun:-:;-s , while the l a ctic a cid consumed by 

the beatin.:; hea:;."t ori[;ina ted from iJOth sources . 

amounts of l a c t ic c..cid were r emoved by the lung s . 

No l a r g e 

D. l) . Barr a n d Ii. D. llimwich (1 923) f ound tha t l a ctic 

a cid esc .J.p e d fr o:n t h e exercis ed muscl e even 3 minute s after 

exer cis e s t opped : -

" At the s ame time the less a ctive tissues a re 
r emovin[-s it r apidly as the blood pa s ses t h rough 
t h em" . 

5. Th e c ont raction of an oxygen d e bt . 

Huscl e f i bres , cont::cacting under anaerobic condi­

tions, will o.c crui1ulate l a ctic a cid which c an be removed by 

the adr,iinistr a.tion of oxygen ( W. Ii . Hopkins a n d 7 . G. Pl e tcher 

1 907) . 0 ince t h e above observ a tion wa s mad e , r.1a.ny investiga-

ti ons h ave b e en c on duc t ed to r e t e s t t h is in v itro phe n omenon 

in the i11 v t vo 2.:1.virom:ient . 

x , r t eri ov en ous 
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A. V. IIill and II . Lupton (1 923 ) , .\.V . Hill , 

c . ~T.H . Long and IL Lupton (1924) foimd thc:J. t , af ter a :phy s ical 

effort , t he oxygen consumption ::cernained elev a,ted a bove the 

basal level for a t ime de pendin0 on the intensity of exercise . 

The extra oxygen us ed , whi le the body se emed to be a t res t, 

wa s c onveniently called an "oxygen de bt" . It wa s also 

a s surned t hat the excess oxygen was entirely used for the 

oxida tive removal of l a ctic a cid . Firstly the lactic a cid 
wa s removed from the muscle where it was forrne d and secondly , 
the lactic ac i d which h as , had t ime to diffuse away from the 

mus cl es was t hen removed . The r emoval of the l a ctic a cid 

from t hese two s i t es then r esul t ed in a r apid phase , and i n 
a more pi"olonged pha s e of the re covex-y- oxygen c onsumpt ion 

curve , r e spectivel y . 

0 . Jervell (1 928 ) claimed , ~tfter ) .. . V. Hill et al . 

(1924 ) , tha t :-

"The calculated oxy{;en debt and that actu cJ.lly 
found are faiT·ly concordant 11

• 

R . Mo,rgaT·i a , H. T. Edwa:cds and D. B. Dill (1 933) 

divi ded t he oxy gen debt i nto an a1 a cta cid and a l a ctacid 

:pha se . The former had o, v elocity constant of 0 . 6 and was 

5O;o comrlle ted in 30 s e conds , while the lattel" had a v elocity 

constant of 0 . 02 and wa s a function of t i me . These aut hors 

considered only the prol onged phas e to be due to the oxidative 

removal of l a ctic acid from blood , for they hav e r11easured an . 
oxygen debt of 2 . 54 litr e without any l a ctic a cid being 

ac cur11ulat ed . 

t hat: -
D. D. Dill and B. Sactor (1962 ) stated a s a fact 

"rr'he rate of rer.10v al of l ac tic a cid does not 
run ;war allel to the ;Q_g,yrnent =of . tge oxygen ent' . · ~=----

These two phases in the extra oxyc en c onsumed 

duri ng t he l"e covery from exercise have in general been 
a gr eed u pon . Tho first and r apid J?haso , or the oxygen defi cit 
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seems to be due to the de};>letion of high energy phos phates 

in rnuocl e cells 9 resulting in an i nc:-.. .. eased oxygen c onsumption 

(D. C. 1:' e nrl e t a l . 1 956) • Du.rinG t he first minute of exercise 

there was found to be a depletion of glyc ogen , phos :;_Jhoc r e o.tine 

and adenosinetriphosphate , while an increased inOI't;anic phos­

phate and hexosemono:9hospho.te have been obs erved (:= .v. I'l ock 

et al . 1 93 9) . 

The second cmd mo:-.. .. e prolonged phuse of r e c overy wo.s 

t hen called t he o:rygen debt C:.nd wa s a s sumed to be enti:r·ely 

due to the oxida tive removal of l a ctic a cid from the blood 

wa ter CL V . Hill et al . 1923 and H. Mnr garia et al . 1 933) . 

w. -r;:, . _Iuckabee (1958) i ntroduc ed the "excess l a cta te " 

c onc ept , whi ch is a function of both changes in pyruvu te and 

l a cta te . In experiments over a wid e r ange of work l oads , he 

'KL _ found t hat e xces s l a cta te a ccumul a ted a t all intensities of 

work and tha t it 9 or:relo.ted rema.l"kably well with the oxy.:;en 

debt c ontra.cted . This c onclusion was reached upon by w-_ .. i ting 

t he l a ctic dehydrogena se system i nto the mass a ction foi~: -
,,. .__,, 

~y2--uva t ~ = X IC 
~- .... 
l DPNHJ l DPN 

ILG . ICnutt ,?;en (1962) c ould not confir111 the above 

fin.din~ , for i n h i s 3tudy exc ess l a ctate did not increas e 

exc ess ively w1til a c ::ci tical work loa d was surpassed , a nd: -

"the O? debt surpassed i n c.i_uant i ty the 0 0 

e ~uivalents of the maximum increas es inL 
total l a cta te and to an even grea ter e x­
tent , the o2 equivalents of exc ess l a c­
t a te " . 

::?rom the a bove findings it is more t han obvious 

th:J. t fundrunental re search remains to be d one a s f o.l" as 

ozygen debt and oxygen deficit are concerned . 
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6 . The ma ximum oxyeen intake a nd it's physiological me&ning . 

If consecutivG work lo,~ds a re to be done on a 

subject, e a ch of a hic:;he:c int cmsi ty than the former , a linea r 

1 .. el a tionship of oxygen consumption rel a tive to wo:ck loc,d will 

be found . The ma ximum oxyg en intake will be rea ched gr a dually 1 

u t fi:;.'.'st biassing t o o.nd then t ending towa rds an a:Jymptoti c 

mo,ximum . At this stage no increas e in oxygen c onsumption 

pe:c unit tirn.o wil l occur by fu:;.. .. the r increa sing the work load . 

C. H. Wyndho.m e t a l . (1959) claim tha.t:-

"The m.:1ximurn levels of oxyc en intake and 
maximum heart r ate of tra i ned men studied 
ove:r 4 r11011ths is r·ema:;.. .. k nbly const .J.nt , h av ing 
av erac;e coefficients of v .::i. :;..-- L:1t ion of 4 . 31; 

a nd 3 . 5;~ 1--esJ ectively 11
• 

The si z e of the bias observed \JaS 0 . 34, which 

means ;=m underestirnn te of the a symptotic maximuin when the 

rno.ximuril v a lue on the li:nenr curve w:1s used (P . O. '1q trand et 

a l . 1954) . It wa s al so pointed out tha t the:-

"horizontal a syi.11ptote is not significantly 
different from the mean measured o2 intakes 
a t the three levels of work" . 

This maximum oxygen intake v alue per kg . of body 

weicht is 2<JJ; highe:c in adult mal es than in adult females 

(P . O. lst~and 195 2) . 

The maximum oxygen intake wa s decx·eased durin.; 

c onditions of semi - s tarva tion (A . Keys et a l . 1950) . 

Ho siGUificant diffei .. ences c ould be found between 

the maximum c o,pacities of sub jects wor king under hea t stress 

c onditions and t hose working in comfortable cond itions 

(C. G. Williams e t al . 1962) . 

A tra ining regime on the other hand resulted in an 

i nci Cc"18 ed. maximum oxygen i ntake v alue (L . :C . Horehouse a nd 

A. T . Miller 1959 ) . ~1 increase of 6% or 7~ in tho transport 
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of oxygen to the tissues duri n g exhausting wor k were re c ord e d 

by C. A. L:.n.ehr et al . (1 :)42 ) o,nd ul so by S . Robi ns on and 

F . :I . I-Ia r mon (1 941 b) . The pe::cc en t a{;e increas e i n the maximum 

oxygen i ntake v a l ue will de p en d on t h o physica l sta te of 

t r a i n i ng of t he sub j e c ts , pri or t o tlle tra i nin~ re t:;ime . 

a) Lac ti c '-,cid a c cumul a tion yoi r!;~ c1,nd t he m3,ximum 
oxy ,0;en i n t ah:e . 

The l a c tic a c i d a ccumula t i on point was found t o be 
2 ..:::, t 2, work loa d re sult i ng ± / 3 of the max imum meta b olic r a te 

( H. l 'b :i."gar i a e t a l . 1 933 ) . 

C. H. Wyndham et a l . (1 9:jS ) :foun d t h a t the " e xcess 

l a c t a t e" i n c re a sed r a :pi dly a f t e r o, work l oa d p~e sentin g 55 . 3% 
of the ma ximum oxygen intak e h a d been surp 3,ss ed . 

- -~ ~-~~~~ 

The sign i f icant oc curren ce of l a cta t e a t lower 

l ev el s of wo:;."k in h ot , r a ther t han i n c omf orta bl e c onditions , 

h a s been e xpl a i ned by mor e bl ood being shunted to t he s k in 

for he a t di s si:po. t ion :pur p os e s c1,nd l e ss blood t hen being 

av A. i l atle for the t r an s p ort of oxy,.zen t o t he a c tiv e rrms cles 

( C. G. 'Jill iams et al . 1 96 2) • 

For the ma ximur11 eff i cient oxy&en t: .... o..n s f er f1 .... om 

a t mospheric a i r t o the blood circul a tion and f r om t he:ce to 

the 2.ctive "muscle ma ch ine " 1 i t i s es s entia l t o have a smooth 

lin k.J,ge and operation of v a rious physiological mechan i sms . 

The t :can s :port of oxygen i n bl ood i s mad e p ossible 

by i ts bondage t o hemogl obin . Correla ti on c oefficient s of 

0 . 97 a.nd 0 . 94 f or mul es and f emales re s pectivel y h av e been 

rep o:ct ed be tween the maximum oxyg en inta k e and total h emo-

globin (P . O. Rs t r~nd 1 952) . An increa s e d bl ood volwne wa s 

found to be du e to p}1y sical tra i n i n g ( J . Ho bins on e t s,l . 1 93 7 ) ; 

h owever- , t h e he:noglobin c on cen tra t i on r emaine d con s t ant . 

This i ncreased t ot a l hemogl obin expl a i n s i n part the h i gh er 



maximrun oxy 6 en intc1ke Qfter a t r a ininG reg ime . 

To s c1tisfy the de;·11a nd for oxysen , ma de by the 

tissues , a n increased intra-capilla ry oxyGen tension will 

result . This incre;-i,sed oxyc en t ension will be o.chiev ed by 

the influen ce of a raised temperature und a chan~e in pH on 

the deco ·11pu s i tion o:Z oxyhemoclobin . ·10::.:--e c apilla ri e s will 

als o be o_:;enect U:P to make a s h orter d iffusion dist c:mce 

possibl e f ~om the blood to the tiosue s demanding oxygen . 

Observations :r1.ade by --,, ·1 T 

D • ll e Chr istensen (1932 · and 
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1950) revea led t hat e ~ch different tyr e of exercise h a s its 

own ma ximum oxy6 en intake v a lue , dep ending on the size of the 

a ctive r,mscle mass . 

P..n. algebra ic :pre sent 2.tion of tho :pa :;. .... ameters of 

oxygen c o:rtsur11pt ion an d c a:C'diac output ho,ve been :;iven by 

c.:: . 1.Jyndh.J.111 et ~'--1 • (1959 ) a s follows ~-

_5: 2 i .~1 t aJ;:e = }1ea:ct r ~1.t e x st:;.. .... olce v ol . x A--V diff . 

Ca:i.. .... d i a c out:;;iut = l.Le :..,rt r a te x str oke v ol . 

The stroke v olume r eaches its ma ximrnn ut + 120 

;rn.::,::-t beats/min . ( ~. Asmussen aacl I l . Nielsen , 1955) a:r ter 

1.,,ihic:~ the c,i:;:dL1c out mt will be depenC.ent on tho heart r , .. .tte 

alone . At the ma:dmrun hr.; ,:rt :::·ate now the oxygen consrnnpti on 

c ,J.n only 1)e i nc :i..·e sed by an increm2nt in the A- V diffe:-cen ce . 

:,_, , _ _; , :~orehouse and A. J' . Ilill eT- (1959) concluded 

thu.t the: 

"I:inute volurr10 of b::i:'eathinc is unlikely to 
b e a J.iLli ting f a c tor in e:;cercise 11 

• 

. 1i1ile J . E . ~;i tchell et ..11 . (195 8 ) rega1'ded t h is:-

11 As n.ot beinr; ruled o 1t 11
• 

The pulrnon0,r7 dii'fus ion c a:)aci ty is in . ;eneTa l 

exiJe c t2d to increase with exc:ccid8 (I1. L . Riley et a l . 195 4 

and ~~-~I . 3he :._1hcccl 1 9~>~ ) . 
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c) iiaximu.m heD.rt rate v alues . 

1 . :;::; . l.Iorehouse and A. T . 11iller (1959) mentioned a 

he o.rt r a te of 320 bec·cs/rnin ., wh ile P . O. jstrand (1952) found 

he c1,r t r L,,to s of 1 94 and 198 bea ts/~nin . in males and females 

:ces _,1ec tively . C. II . \lyndhrun et al . (195 9 ) reco:r·ded an aver age 

max imum heart r ::i.te ol 178 beats/r,1in . on subjects d oing bicycle 

erg ometry . :c . r: . Christensen ,::1,11.d 2 . IIogbei"t::; (1 950 ) f ound 

heart l"a t es of 240 be.J.ts/111in . in an a u:; group of 1 4-lG ye ars , 

whil e i ndul ginG in s k i-ing . 

A. V. ~ock c t a l . (1 920 ) c on clude d t h a t the h e a rt 

l"at e i s not lir,1i ted by the v enous return , but r a ther cope s 

with i t . 

Dui,..ing the abov o 3u:-cvoy of' the litera tm .. "e it wa s 

obse:c'Ved th3,t the investig,.J, tOl"S of lactic ac id, :;_Jy r uv ic a cid 

::i.nd excess l ucta te :.i .. n blood had g1..,eat diffi culty with the 

probl em of usefully com:,.Jaring t h eir data . Such a comparis on 

is n8cess a 1"Y i n o:2de:r to d etect general trends and formula te 

or :i:,rovo theorie s . Unfortuna tely the corn1..x.1.r ison of d a t a wa s 

f ound to be ir,1post:li blo , due to the many diffe rent ways in 

which the investic;ations h :..id been mad e a nd the diffe:cen t 

type s of 0ilb jects us ed . The r,1a jor reu.c on why t;ie:y f a iled to 

establis h a common c-J,))l"Oach and c oin~?ar.J.ble results c c.m. b e 

a ttTibutcd t o the f ollowin;-:; f :::1 c t F.3 :-

1 . A common oxyge~?: _c vnsu.mi-:>ti on 01.., W?:ck rate cannot be used . 

The l c..w tic <:.e i d and :_1y1""Uvi c a cid c oncent::cations , . 
a ccu..mul a ted in blood ::tt o, S~,)o cific WOl"k load , will diff er 

from one s u bj e ct to a::~o ther . :Uvcn t110 layman knows that a 

s 1.1all man will find a, ce1"ta in t a s k a l most ir:qossibl e t o 

perfol"'Il1 9 while the b i g , robu s t man will easily c omplete t h is 

same t r.1slc 9 b,dns only sl i ghtly exhaus ted . The s1i1.:.u..l ma n 

will :--, ccu.:.;ml a te a 11igher l d c tic a cid concent:cat :Lon t han the 



b i g man .rm:- this specific tnsk . 'l'he data of these two men 

c c1nnot be compal"ed c1nd tho e;eneral trend of e a ch subjec t I s 

re s u l ts c ould only oe discussed . 

Adr11i ttedly this is cJ.11. ext reme case 7 but it empha­

s i zes veJ..~ well the e"j_"rors r,1ade by many investigato1~s i n 

t h i s field , foJ..~ slight differencos between the work c apaci­

ties of subjects wi ll al so c ont"j_"i bute to errors like this . 
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In a :;_)relir,1inu.::-y investi6 ;J.tion , C. ll . Wyndh.:un et al . 

(1962) found thu oxygen consumed by a physic Qlly fit subject, 

.J.t the point where ~xc c ss L :,ct c.1te be::.z.in.s_t.Q ac cu.ro,1;i.:J_o.t§ i n the 

blood , to be + 55 . 31~ of the muximum oxyc,en intake of tha t 

subjec t . 

It seems t'..1at the .J.c cumulc.tion point of e xcess 

l a ctG.te ::.s de:)endent ve}:-y l a r gely on the maximum oxyc;en in­

t a ke v nlue and the 1ihysic c1l concli t _io of the subje c t . The 
.,;:..--•-

physioloesica.l p ,:::.:'c:\Llete:i."s infl uencin.~ the 1i1aximwn oxy~;en in-

t Jke value in c omforta bl e environmental conditions , will 

a l so effect the exc e ss lact,1te ac cu1,iul a tion point . 

2 . Environrn.ent ::J_ c onditions . 

Lc.,c to..te oc cu:"red ..1 t signi fi cantly l ower levels of 

work in neat t~1an in c orn.fort .:i.ble c onditions ( C. G. \1illiru11s 

e t al . 1962) . EoweveT , t he maximum oxy5 cn intake v alues 

under hot con.d i tions did not differ sign i fic o.iYcly from those 

unde r c mnfortable c c•::-1di tions . Th e woJ..~lcing r,ms cle i s rn.OJ.."e 

anoxic L1 heat , as o. l oTger _u110unt of blood is be in::, shunted 

to the s k in for heat dissij_Jation :i,Jurpose • The:cefO"j_"e in 

a hot envir·onr,1ent the woi·kinL~ r,mscle soone r g oes on to 

ano.ero::,ic inetaboli sm. 

:..'roj_11 the investicc1. tion of O. Bang (1936) the blood 
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s c:un1Jl ing times were found to be inrpo:i."'t ,mt . He found that 

the l a ctic a cid concentration ws s at its hi hest durin~ the -
period 5- 10 minutes after c ommencement of exerc ise . 
- .- - 1111 mn ::.; Q •nr k 41 

.,-\fter 
~~~ 

this 11 ~rimary rise~ ,1 con tinual drop in l:~ctic a cid relative 

to time \-m s obser ved wi t h o, 11 s e conda ry l"'ise" , reco:c·ded during 

the lattGr stages of exerc ise , which does not bear any relo.tio1 

to time . 

The l a ctic a cid and :pyruvic acid conc untrations , 

a ccumulo.ted in blood during r e covery, diffei"' from t h ose in 

the a ctive muscle (~ . As;,nussen 1950 and o. R1.ng 1 936) . 

1'he import;1,nce of the sam~,iling times Wc..~s overl ooked 

by many invest i ce:.tors . 

4 . Severity of work loads . 

Referrinc; ·00 work loacl:::: o.s li_e;ht, mocte_£ate or 

he~vy puts the severity of exercise on a rathe :i.' a r1)i trary 

basis . Definite criteri;::1 havG not yet been established. 

for these tei"'ffis to be of s ic;:iificance in t:1is field • 

. 8 . H. Chris t ensen ( 1953) h ~' .. '3 a ttached 

mode:cately h e av:r, hc c.lvy , very ho:J.vy and 1..e1di1.ly 

f ollowin_; oxyu m c oi1su.mption s O. 5 , 1 . 0 , 1 . 5 , 2 

to liL!,'ht, 

he..::vy , the ,.,,,,,;. 
L 2 . ~ respective 

ly f' o:.."' the I,>O:'.)ulat :~ on in :_;ciic:..·\ .. 11 . For the com:;_urison of 

individual t:."'ends t 1.1is is uns a tisfa ctory , and mo:ce limited 

o.nd :::irecis e c :~"'i t (.)::· i o, 3,re needed to corn.:;_xire a smnll and big· 

mcm . :i:'O'.c> -m oxyc en conm;II(lpt ion of 1. 5 lit:i.'e/111in . wL1_l be 

rnode :c~1 te exe::.'cise l' or m1e subject , while it :r11ay "': ..... ... 2 .c1y be 

a) I1axi mwn loacls . 

I:u.rin;.: exhaur:;ting exercis e the; ma ximum l a ctic a cid 

concentr,J,tion a ccwnula ted in ol ood v :,Ties from one su.'b ject 



to another and this may be independent of the i nd ividuals 

maximum oxyr_;-en in tc1l;:e . The dec,:c-ee t o wh ich the subject 

ext ends himself may , howeve ::." , be the rnajor c ontributory 

f a cto:c . C. 1L \,/yndh .:. tJ11 e t a l . (1 959 ) pointed out that: -

11Th e h i ~h level of' blood l o.ctic a cid merel y 
elimin3.t es the man who i s s o poorly ~;10tiv a ted 
for these ez9eri ments that he h a s not even 
extended hirnself up to l evels of work o., t which 
a nael"'O bic ,,1etabolisi11 oc cu:cs 11

• 
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The bettel"' 1aotivcJ,ted and c ondi ti 011ed man will u:rge 

himself much mo:ce to wo:,:sk a t hi2,he r :;_---ate s fo:c l on ger pel"'iods 

t ho.,n his less motivated c om:lani on . 

b) 3ub--maximUJil work loa ds . 

If t he sa.rne work load shoul d be done on a sub ject 

before t :L"' c-.ining and o.:~c1i n a fte:r· t::cainin.6 , it would be found 

t hat the lactic a cid concentrati on a ccw,ml a ted i n blood h cJ,s 

drO:i))e d signif ica.ntly ove r t h is period of tra inin,'.5 ( 0 . Dang 

1 93 ,,.. T ... rn .,,d d - " 1 '7 ' T' J l 1 940 :::> , ~_._ . -"- • .G wa r s , .1..1 . .ul"Ou_1a ::inu 1-L • .0 . o 1ns on , 

L . . ~. ·1o::c·ehouse and A. T . i'iill e:c 1 959) . At s u b-maximum 

? work load s no enduJ'anc c. worl: is J2_~l"f0,?.:1Pr:~ and the:;_-•efore no 

motiv a tion will be needed and the lacti c a cid c oncentr.:1tion 

c om}letely d e pends on the )c:;.:-·:i:or iti..:1,nce of exeTcise . 

C. CONCLUJION~ . 

I'l"'Om 2.. consi ~e 1---a t i on of the :..---es earch :Jrojects of 

l e ad in6· authors in the e xe r cise p1'.'1ys ioloc,Y o,n a tt empt is 

now i;L1d e to J?Ut the basic id e ology f or thi s t y pe of data on 

to et ::11O:re scientifi c basis for tlie ~Ul"'puse ol cor.i:;;:iarin:: data 

from sub j e ct to subject . The f ul lowi ng points of absolute 

i1,1)ortanc e s hould ulwr:ys be c onside:eed :-



1 . Data of one subject may o:1ly be compcJ..red with that of 

another,. if both subjects r:n·e do i n g work loads l"'eq_ui::cing 

t he s ame }Cl"'cen t o,Ge of thei:c r112ximum oxy6 en v a l ues . 

2 . ThG da t a obtained during exercise raay not be c ompared 

with tha t obt ained during the recovei-y period . 

3 . ~'iore correct com11arisons of dG. t a may only be a chieved 

i f the blood s a.1:i_ilin~ times c o:r::ce s ;>ond . 

4 . Sub jects to be us ed in a study r1mst be at nopt imum" 

fi tness w'.ie::ce ~?ossi ble, if n ot a, 11 tra ining effe ct :' may 

influence t he data obtai ned . 

5 . iiore t h0,n one ex~1 e rimental rnn, each on a diffe:ccmt 

d ~~r , should be done und e::c the S D,illG c onditions so a s to 

include d <lily v a r i a t ions . 

34 
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CIIA?T~1t III . 

It wa s cons ic1ered necessary t o conduct this experi­

ment in the f ollowing way:-

A. s::::;l°.J:CCTI OH AITD T:i:lAINING 0:::1 GUBJ:=;CTS . 
,9 

The ~subjects u sed for this experiment were al l 

young African mi ne workers, sel ected ut r andom from new re­

cruits t o the Gold lii n ing Industry in South Africa . From 
Ta ble I it is clea~ tha t t hese subjects differed widely in 

physical char a c teristi cs . The av er age age was be tween ± 18 
and 34 years . Estimation of age is, however , a :problem, be­

cause these peo,;ile do not ke e p r e cords of their birthdays . 

After they were sel ec ted , it wa s brought to their attenti on 

tha t they would be working for a moathly bonus in add ition t o 

their pay . This wa s found to hav e a very g ood motiva ting 

effect on all t he sub jects . 

On t he first day of training the maximum oxy:zen 

intake of ea ch s ubject was determined by means of a step test 

( see l le thod) • Thereafter, t raining was ba sed on this 
11 maximum oxygen intake 11

, and thi s v alue determined the r e­

r1u i ::r..---ed work r a tes during t he :following tra ining routine: -

1 . Mornings . 

The s ubjects were requested to pedal bicycle ergo­

meters a t work r .-:1 te s which required oxygen consu.111ption s 

equ ivalent to 55;S of the i r maximum oxygen intakes . These 
work loads were pedalled for 3 hours ev ery mo:rning of a 

6- day week . Heart r ates were c ounted while usin g a s te tho­
scope , and we r e plotted on a gr aph t o see when a stable sta te 

i n heart r a te had been r eached . 
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2 . Afternoons . 

The subjects were trained on conse crtive days a t 

WO:i.."k r a t e s re c~uiring oxytsen c onsumptions of 80;i and 100;~ of 

their maximum oxygen intakes op. alternate days . These work 

r a tes were pedalled for as lone a s ) Ossible and the time 

recorded . 

The abov e mentioned training programme l asted f or 

a minimum of one month , and the experiment commenced only if 

the subjec ts were c onsidered to be a t optimwn physical fit~e s s 

i n terms of certa i n physiological changes . 

At 5 a . m. the sub j e c t s came from the c ompound to the 

l abora tory where they rested in the supine pos ition and pre­
pr andial sta te of nutrition . After 3 hours rest 9 s amples of 

their ba s Gl expired air , bas al l a ctic a cid and ba sal pyruvic 

a cid were t aken . 

The experimental runs all l a sted for a maximum of 

60 minu te s 9 or unt i l f a tigue compelled the subject to stop . 

All runs l asted long-er than 30 minutes 9 howev e:c . Either t he 

60 minutes s c...::1:ple or t e sample t aken a t the end of the run 

wa s us ed GS the final observation . 

Gas samples were collected for a period of 3 minutes 

a t the 6th 9 26th and 56th minutes of each experDnental run . 

These s amples were collected by connec ting a Douglas bae to an 

Edwa rds mask by means of c orrugated rubber t ubing . The mas k 
,a s fitted to the subj ect one minute before the gas S8Jrlple was 

t aken to allow the mask to be wa shed out of all a tmospheric 
a ir . The es_pired a i :i..'"' w:J,s then collec ted i n a Douglas bag,, 

which had first been flushed with expi red air . 

Maximum oxygen intakes were re corded over a period 

of 3 days from [~bout t he 1 0th to the 13th day of the ex:perimeni 



or otherwi se i n the afternoons after c ompl etion of the mor­

ning ' s experimental programme . 
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Bl ood s amples for l a ctic acid and pyruvic acid 

analysis were c ollected a t the 6t h 9 26th and 56th minutes of 

the experimenta~ run . If f a tigue compelled t he subje c t s to 

stop before t he l ast samples were collected 9 t he s arnples were 

c ollected immedia tely before they stopped, and t he time 

recorded . 

Heart r a tes were recorded at rest and the 5th, JO th, 15-t 

30th , 45th and 60th minutes during the run 9 usinb a portable 

Sanborn elec t roc ardiograph . 

C . SELECTION OF WORK RATES . 

If the work r ate i s progressivel y i ncreas ed for 

normal young subjects from, s ay , 3 , 000 ft . l bs . /mi n . no l actic 

a cid will a ccumulate i n the blood before a cer t a in critical 

work r a te is re a ched . In this study thr ee work l oad s bel ow 

this point and three work loads a bove this poi nt were selected, 

and ea ch work load wa s r epeated t hree times . 

D . :rrnTIIODS or ANALYSI S AND APPARATUS . 

1 . Arterial blood samples f rom the fingertip . 

Ten ml . aliquots of a l Oto (w/v ) aqueous solution 

of trichloro- a cetic a cid were measured into gl as s weighing­

bottles by means of a burette . To minimize evaporation , the 
lids of these bottle s were lightly greased before being closed 

and weighed . 

The subject ' s hand wa s pre-warmed f or a t l east 

5 minutes in a wa ter ba th a t 49°c ± 0 . 5°c . 'l'he fingertip was 
then dried, greased , and a deep cut made into it wi th an 

automa tic spring stilletto . Dl ood w a s collected straight 
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into the pre- weighed glass bottle, while the finger was l ightly 

squeezed in a distal d i re ction to a id blood flow . The bottle 

wns gently agitated to ensure cohlplete mixing of blood and acid , 

because remaining clots of blood can i nfluence the lactate . 
v alues through continued anaerobic glycolys~s . The bottle 

wa s immediately closed and weighed to 

blood collected . I:'or the pu1~pose of 

1 lLS- Q,f__bioo~ (0 . l-0 . 2gm . ) and for ~---
ti on 10 d:;:·o s of blood (0 . 25- 0 . 35gm. ) 
,_.._. l.2. a ~ ;,;.,_• =:..:...: 'f''f'"-

determine the weight of 

l dctic a cid determination 
~.......-c:r'i" ---=~-,::::,-_,w;-~-

1"1..1vic _acid determina-

we r e collected . This 
blood mixture wa s then centrifuged for lC minutes , after which 

the deproteinized superna tent solution was set a side for ana­

lysis . 

Blood was also collected in pre- weighed crucibles 

while t aking basal samples , and also at the end of ea ch 

experimental run . This blood wa s dried in an electric oven , 

to constant weight and by calculating the weight loss , the 
w,tel' 

percentage blood wa s determined (see Method) . ,, .,..... 

2 . Analys i s of lactate in blood . 

The analysis of lacta te in blood was done by the 

method of 3 . D. Barker and W. H. Summerson (1941) a s modified 

by R. P . Hullin and R. L. Noble (1953) . 

a ) I1repa r a tion of l a ctate standa rd . 

U. S . ~ . lac t ic a cid (85%) was diluted with an equal 
v olurne of wa t er and a few drops of phenol red i ndica tor were 

added . Satura ted 2O;'b lithium hydroxide solution wa s added 

from a pipette to slight excess a s i ndicated by t he phenol 

red . The solution wa s then heated to boiling point and wa s 

then c ooled and filtered through a sintered glass filt er . 

Pour volumes of 96% alcohol were added and the solution wa s 

cooled overni ght in a refrigerator . The crystals were then 

filt ered t hroubh a Buchner f unnel and washed thoroughly with 



96% al cohol . The crystals we:r·e recrystallized from wa t er 

and dried at 1 00° c . Lithium lactate w;.:i,s preferred bec c.1use 

of its anhyd r ous and non- hygrosc opic properties . 

Of this pure l i thiu..~ l a cta te, 0 . 2133 gm . was 

dissolved in 100 ml . water in a 1 litre volumetri c flask . 
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'110 this wa s added 1 ml . of c oncentr ated sulphuric a c id ( Arnil..ar) 

cmd the volume was made up to the mark with water and the 

solution· thoroughly mixed . This was the s tock solution and 

contained 1 mg . of lactic a cid pe:c 5 ml . 

The working standard wss prepared by dilutinc 10 ml . 

of stock standard to 200 ml . with water i n a v olumetri c fla sk . 

Thi s soluti on contained 0 . 01 mg . l act i c acid per ml . (10 111ic . 

gm. lactate/1 mi . ) . 

b) Lactate Analysis . 

Five ml . of concentrated sulphuric a cid (Anal ar) 

was pipetted into each of a s eri es of ground- gl ass stoppered 

test tubes, t he drainage t irae (± 15 se conds) being caref ully 

controlled with the aid of a stopwatch . Two drops of a 20% 

(w/v) aqueous s ol ution of cupric sulpha te was added and the 

contents were then treated a s follows~-

The test tube was placed in crushed ic e to l)revent 

the contents from bccor,ling too hot and 1 ml . of the supernatent 

l i quid from one of the we i t;hing bottles was p i petted into it . 

The test t ubu was then quickly s haken and returned to the ice 
to ensure thnt the deprote i ni zed blood solution was well mixed 

wi th the sulphuric a cid . The stoppered test tube was then 

placed in a waterbath a t 60°c (± 0 . 5°) for exactly 30 minutes , 

after which it was cooled in crushed ice for 4½ minutes . 
Three drops of o, 1 . 5% (w/v) solution of p- hydroxy-diphenyl in 

2% sodium hydroxide were then added o.nd the contents of the 

tube c~rcfully shaken once more to disperse the precipi t a ted 
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p- hydroxy- diphenyl in the concentrated sulphuric ncid . The 

test tubes were then transferred to a waterbath at 30°c for 

a period of 20 minutes , during which time it was shaken twice . 
The test tube wa s then pl a c ed i n rapi dly boiling water for 

exactly 90 s ec ond s , after which it was onc e more c ooled in 

ic e fo1~ 3 r.1inu tes . The percentage transmi ttency of this 

violet col oured solution wa s t hen read in a Bcc~uan ~U s~ec t ro-

photometer at a wav elength peak of 560 m/P.• 
wns analysed i n duplicate . 

Each blood sample 

In addition a s e t of reagent blanks and standard solutions 

of lu1ovm c oncentration were prepared and treated ezactly as 

above . In the blanks 1 ml . of 1 0% trichloroacetic a cid solu-

tion was used and for the s t andu.rds 1 1 • each of a 3 mi cfo grn ./ml . 

a 5 mi cYOgm ./rnl . and an eight mictDgm ./ml . of lithiu..rn lactate 

solution were used . These standard were prepared by taking 

0 . 3, C. 5 and 0 . 8 ml . of the working standard described earlier 

and making the v ol ume s up to 1 ml . i n each case with 10,~ 

trichloroacetic a cid . 

By dividing the percentage transmi ttency of t he 

solution into the mean percentage transmittency of the reagent 

blanks, the optical density of the standards and unknovm solu-
t ions were determj_ned . A calibration curve was then dravm by 

plotting the log of the optical densitie s of the s t and ard 

solut ions Et6a inst their known l actate conc entrations . This 

curve took the form of a strai ght line pussing through the 

zero point , and from i t the l a ctate c oncentrations of the un­
known s ol utions could be read off . These concentrat i ons 

were then related t o the known weights of the original blood 
s amples and the results expres s ed a s mM l a cta t e per litre of 

blood wa t er . 
follow la te:c . 

Explanations of the vurious calcula tions will 



J . Analysis O..f._yY£uvate_in blood . 

This estimat ion of T . E. Friedemaan et al . (1943) 

also demand s a set of reagent blanks and a set of standards 

for the purpos e of drawing a calibration curve . 
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a) 2- 4 Dini trophenol h :ydrazene was obtained in powdered 

form . Of this powdered substance 0 . 25 gm . were grinded very 

fine in Cl mort at' and then dis solved in 100 cc . of conc entr a ted 

hydrochloric acid in a 500 ml . fl a sk. The voluri1e was then 

made up to the mark with distilled water a nd filtered through 

a '. /ha t man no . 40 fil terpapei:· . This solution was ke:;it in a 

refriger a tor . 

b) _12_:i._stilled water, was prepared with an 11 Zl gastat " 

de-ionizer . 

c ) ~0% Thrichloroace!i~c~ci~ was made up by dissolving 
10 {911 . of the crystal s in H20(dist) in a 100 cc . flask . The 

volrune was then brought u ~ to the mark with H20(di 3 t j . 

d) Xylene reagent was fil tu::i.'ed to remove all waterdrops 
left in it . 

e) Sodiwn carbonate was prepared by dissolving 90 gm . 

of powder in distilled water in a 1 litre fl a sk . The solution 

wa s left standing overnight for complete dissip<ltion of heat 

caused by the dissolving powder , and only the following 

morning was the vol rune ino.de up to the mo.rk with water . 

f) Soduim l'~ .ydroxide solution was prepared by dissolving 
20 gm. i n 500 cc . of distilled wa ter . 

The reagGnt blanks were prepared by pipetting 3 ml . 
of a 10~:; trichloroa cetic ac id solution into the test tubes . 

The standards ·were prepared by dissolving 0 .1249 gm . 

of sodium _Jyruv.:i, te 9 obts.ined from Messrs . L . Light t:. Co . Ltd . 
9 

England 9 into 20 ml . distil led water . One ml . of this 
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solution wa s then transferred to a 1 litre fl a sk and the 

v olume madt:jo.p to the mark with distilled wa ter . This working 

solution then h a d a c oncentration of 5 mic . gm . /ml . , the 

impurities of the reagent being t aken into consideration . 

The standard c oncentrations used in this analysis were 5, 10 , 

and 15 mic . gm . /3 ml . respectively . These were made up by 

t aking 1 , 2 , and 3 ml . of the working standa rd solution and 

making it up to 3 ml . with 10% trichloroace tic a cid r espective­

ly . 

Three ml . aliquots of the supernatent solution set 

a side for analysis we re pipetted into test tube s and analysed . 

All the above mentioned test tubes were subjec ted to the 

followin g test procedure ~-

Two ml . aliquots of a 2-4 dini tro-phenol-hyd :r·8.zene 

s olution were pipetted into e a ch tube . After five minute s 

sta nding , 4 ml . xylene was added to each tube by means of a 

bur e tte . The contents was then bubbled for one minute with 

nitrogen gas , flowing a t a r a te of 3 litre s per minute . Af­

ter the f luid l ayers had been re-established , the bottom 

l ayer wa s sucked off and d isca rded . 'ro the r ema ining portion 

in t he tuoe 5 ml . sodium c a rbona te wa s added and again bubbled 

with nitrog en gas at t he s ame constant r ate of flow . The 

bottom layer wa s then sucked out and transfe rred to another 

test tube . To the ori g i n a l test tube 4 ml . of zylene and 

2 ml . sodium c a rbono.. te were added and again bubbled under the 

same conditions a s mentioned a bove . The b ottom l a yer was 

a dded t o the contents of the tube tha t had not been bubbled . 

From this test tube 4 ml . were p i petted into a c entrifuge 

tube c ontaining 1 rnl . of sodium hydroxid e . After this , the 

centrifuge tube was toppled for complete mixing and i t was 

centrifug ed for t hree minutes. The contents of thi s tube 

were then rea d agai nst distilled water on a Beclanan DU 

s pectr ophotometer at a wavelength pea k of 520 m/b. 
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A cali br8,t i on curve was then fitted f or the standards 

in exactly the s ame way a s tha t mentioned for l a cta te a bove 9 

and the concentrations for the unknown srunples rela ted to 

the ir original weights . The resul ts were also expressed as 

rnH I'lfruvate per litre of blood wa ter. 

4. Calcula tions. 

a) Blood wa ter. 

This wa s determi ned in the basal s tate and at termi-

nation of exercise every day . A blood s ample wa s collected 

i n a pre- we ighed crucible and wa s 

after collection of the saml)le. 

a gain weighed i mri1edia tely 

This s ampl e w2..s then dried 

in an oven -co constant we i ght , c ool ed in a desic c l-t tor to room 

temperature and reweighed . 

(i) Crucible a l one 

( ii) Crucible+ blood (wet) 

( iii) Crucible+ blood ( dry) 

= 

= 

= 

a . 

b . 

C . 

'7~ blood H20 = wei t;ht lost 
wet b~_ood we i ght 

X 1 00 

b) :mM Lacta te and :mI·l Pyruva te per litre of blood wa ter. 

From the calibration curve f it ted to the log of 

the optical densiti es r elative to the known c oncentrat ion of 

the stand 2.rds 9 the :i,rnount i n mi cro grewri pres ent in the unknown 

superna tent bloods ·u;1ple coul d be determined . The l a cta te 

values obtained were then multiplied by 1 0 and the pyruvate 

v alue with 3 . 33 . Thes e value □ were t he amount in micro. gram. 

present in the blood water of the blood sampl e t ken in the 

trichloroace tic ac i d . :From the blood wa ter determj_na tion in 

(a) a bove, the total a;_,1ount of blood wa ter in the blood sample 

could be calculated . Thus , this blood water contained the 
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above t o t a l r.iicro Gram of l a.eta t e ( or pyruv a te) • Usii'1G this 

blood w2.ter c.;.1d micro crar,1 )res ent the mic::co gr ru;1 ,;iei-' 1 litre 

of blood w:i.tcr could b e cal culated . Dy dividing this value 

by 88 i:1 the case of .JYI'UVc::.te nn d 90 in the c u s e of l o.cto.te , 

the final v a lues could be ex;:;.."'e ssccl as ni1/:,~ ol bl ood 'vJ.J. t c-;r . 

c ) Calculation of ..::~:.ccess J., '-·:.c t e,;,te • 

.c~ = (~n - Lo ) - (rn - ~o ) Lo 
Po 

Ln = l a cta te concentr~tion 

Lo= b~s ~l l~ctatc concentration 

:2o = bc1sal py:IuvL1,te conccnt.:cation 

ml'I = ;.ni JJi moles 

Cal cuL1tion o:.C' Czv .. ~en Co_rnwnf)tio11 . 

SUDJ:;::;CT 6iJ3"6" DATE ....... 12ol2o6J . . . .... . 
5 ' 10 11 

e • • e O O O O O O O O O • 0 0 0 • 0 ••• 
COnRECT..:iD BARO '1 .L :FGJ;__;uRL (rrun/I:, 

• ••••••• o ••• 0 2 G. o~ . ... . ..... . 

Bicy cle Gr g ometer 
C·o..S o O O e O O O O O O O e 

C.ci.LCUL. TIOJ\T,j 

lO jOOO ft . lbs . /min . 
(26 - 29 ) r,iin . 

~Ia0T ~~~DI ITG 766 .x.20 : ~J. :;:.16 :0J 
J~20HD r;~-~il~NG 607~. ::t: . :20: 9] .:;: .16 : ~ 

VOLlTI"C },.L: :;::;~::,:-L1:C:;J 71 : 7 VOLlTILS 

·;1a o
2 

in s ar;1:;,_>le ••• • . . 1 · : J % CO 2 in s ar.qle 

gorrec ted ins ; i red o2 
~a 0:2 -u-bS?:i.."'bed 
Ve1n,ilc1tion 
o

2 
consia_;_,1;-;;tion/min . 

,!i N 0 in s ar.1_
0
1le 7 : Q~ 

c.. 

= 2 a 7 
= . 4: 04-
= 5J : 04 
= • 2 : 71 litre/min . 

5J: 4-jJ 
. 5 :15 .• 
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5 . 1bximum Aerobic Co.po.city . 

a) Step Tost J:>rocedure (Indirect method) 

Tl1is test consisted of stepping up and down 

o.cljustable stc1=1ping blocks o:t fixed rates of ste j,J:r,i i ng . lor 

the first work loo.d t he subject stepped six times U j_) and dovm 

a block of 12" high in one minute . The second and third 

work loc.1.ds consisted of step2 in0 up and down the same block 

a t :cQ.tes of 12 and 24 st e2_) s/min . resi)ecti vel y . Tho l._ st work 

load was steppii1.g 15" hicll :::,t t a rate of 24 steps/min . 

The se work loads l as t cid f or 15 .;ninutes each and 

ex:}ired go,s sarr1)les we l. ... 8 collecteci from the 6th to 9th 111inutes . 

IIeart r et tes w1cre recorde,~ in the L .. wt :·,linute . 

Oxygen c onswn:ptions wo:co plotted relative t o 

corresponding he art 1,,a tes for cJ,ll four work louds and a stra i ghi 

line was fitted to thes e four points . \fue~o the extrai ola ted 

line interse c ted a he Grt r a t e of 180 becJ.ts/min . the maximum 

oxygen intake w~s reud off . 

b) B~cycl E:: er.5orn.eter (Dii~e ct rnethod) 

The :first thre e work loads em~Jloyed wel ... e of sub-­

ma xi:.n.uin order , and a sti,,o.i{;ht line could be fitted to the da t a 

of oxyc;en consump tion rolstive to work loa d . The next three 

work load s were done in triplica te . The line fitted to the 

m;J.ximum work load s t ended towurds its asymptote o.nd this was 

t 2.ken to indica te the ma ximrnr1 oxy.;on intake v o,lue (_\ s ymot otic 
I 

maximum) • The c .:1.lcuL .. d:;ed o.ve:cage oxygen v a l ues of the 

a symptot ic maximum wa s shown not to L1if:f er si i_p.1.ifico.ntly from 

tha t indicated by the fit ted curve ( C. I-I. Wyndham et c.J,l . 1959) . 

Gns srui1}_)l es were collectGd from the 6th to 9th 

minutes or during the l a st r;1inute of exerc ise , if the exei ... cise 

could not be done fo:c 9 minutes . He a rt r a tes were record ed 



ov er the last 15 s e cond s of t i1c ~:;:J.s szu.1:_Jlins .JGriod . 

A c ons t 3,nt load o:i. ... g ornct0r was construct ecl by the 

rlese o.r ch L;J.b . 
1 

Transv .:i,ol and O:ca nge F:cee J t ate Cho.mbe:i..'' of 

llines , J oha n..11.es ourc; , :.::: ou th Afric a ( A. n. . .:~ tki ns and 

J . D. Nichol son 196 3) . 

fhis ergometer wo.s the key to the study of blood 

l a c t 2.te , whi ch mostly de:pends on a c onstant wo:ck loc.,d . 
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Oxygen i s pa1--runo.cnetic in n a ture due t o its uni que 

molecul aT s tructul"'G. As u resul t of thi ~, property , o, 

characteristic ul the oxy :.:,eu r11olecule , it has become :r_')ossi ble 

to det8:i...,,aiine i ts part i a l pressure i n a gas so...rnple of mixed 

D.::::si c ._~lly t::lis method depends on the gG.s mixture 

being :;)J.S sed t h:i."ou c-h t 1.1e a n alysis ch ar,1ber o:c the instI'1.,1...111ent , 

the magnetic susce~tibili ty of the oxy:;en atom being me c•,SU:i....,ed 

v,i th o, mas,netic torsion bal cnce . 

\✓i th o. ,i1odific ..1tion of the ::;as sample mixtu:i.."8 the 

CO
2 

content co 1ld also be; dete1 ... rnin8d with this ;;:.:pyar a tus . 

3 . poll i ns ijp i rometer . 

Ventil a tion volumes were measured by means of a 

Collins s ::,L : ometc r of 350 li t :re maxi ,1um c a p .::.ici ty . 

IIeart r a t es wore reco:cded with a c a r d iom,;1, t mach i n e . 

Chest ele c trodes were ct t a cheJ thruu:;hout the exerci s e and 
11 c ontcJ..cta e:lectrod 0n papier 1

' f:com Germany was used inste ..::.d of 
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electrode - paste . 

5 . Da.romete1"' . 

The bEn"'omet:cic :i_)i"essure w:,s l'ecorded wi t:1 c: ).1 e.i.""·cury 

barometcl"' , fixed with a nC?nuis s c ale fol"' a c curac' • 

Both room and s:;Jiromctel" t el J.:;Jeraturcs w2r3 re c orded 

wi tL _ercury therr,1oric te:cs . 

7 . pctwar·d tipsks o.nd v alv es . 

'fi1esr-; were used be c a:use of the findings of 

C. I-I. \!yndham et al . (1959) of the n eed f Ol" low resis t anc e 

v c1lves . 

met:1od . 

G'J.s was c olle c ted by the c onventional Dou0 lo.s- bag 

8 . Ave.i-7 s c a l e _and __ a.n ant h t'opometeT . 

':2hese were used to record the wei ,_shts ~~nd hei .;~1ts 

re spectively of each subject . 

Three self co11s truc ted wa ter baths were fitted wi t h 

tem~1era tul~e re6ulat i n& thermosta ts t o 111c1.int ain wa tc1" tempera-
o O 0 tures at 49 C1 3C C, and 60 C. 

1 0 . Aut oma t ic ~pri nt; g tillet t o . 

This a.1)1->...1r atus was used to make u d eep cut i n the 

fingeTtip of the subject . 

11 . Spec trophotome t er . 

The be c kman DU spec tropho tome t el" opel--ates by me ans 
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of a systcn of i".1 irro:cs , lamps a n c1 p::...,i sms by which the standa rd 

solutio::1s ZJ,n C. unk.now11 soluti ons c oulcl be c ompai"'ed wi th 

distilled wa ter a t any chosen wavelength peak . 
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A. EmIVIDUAL DATA . 

The r8sul ts o-P one subject :i;n'esented hei .... e is a n 

exrunple of the wo:dc done on eacl'l _, ind ividual subject . The 

da t a in Table VI (A) a:re 2.lso gr a1ihic ally pre sented i n g i .... a ~hs 

l C a nd 11 . These two :_:_;:c·a1)h s .'.J.l"e the oxy g en/wo:... .... k loa d o,nd 

he a :i_"t r a te/1.vorl~ load :reL1-tionshi ps u11 to the ma ximu::,1 level of 

the subject . Th e a ctuc1l oxygen inta ke a nd m::i.:x ir11urfl hea rt :;_ .... ate 

v alues were cal culat ed by drawin::; thf, rne c.:n v alue of the 

i .... eco:rdinc;s ob t a ined a t 3 di:Cfe l"ent wo:ck loJ ds on the a symptotic 

ma ximum. In two c 2::ies , howeve:,_ .... , of wh ich one i s :-presen ted 

h ere , the subjects c ould not work a t wo:i..0 k loa,~ s sufficie ~1tly 

high enou:_,h to h (rve 3 diff erent wurk loc::,c~ s on the asymptotic 

mo,ximum . In these two C8-3e s t!.1011 the riiean s were dl"a-,m from 

t he rn,unbe:r· o:f wo:i.:·~c loac1 s woi .... lrnd a t on the as,rm:Jtot ic m.dxi:rnw:n . 

The av era::;o oxy6·en c onsul!lption v alue a t each wo:;. .... k 

l oud w.:ts t:1en e:xp:r- c~ ssed 2,,:;; a }_)ercento,.::;·e of the maximum oxygen 

inta};:e v alue . :._~_.ch wo:r-1: l o,J,d c on~ d tl1en be subs ti t ut ed by 

a c o:;_--.::_ .... es~JOndinc; ~,:-i e :ccenta,ri;e o? tl:e 1,1a:;~imuri1 oxy";en intake 

v a:ue . 

Ave::~·a,;e he.:trt :;_-.a te v alues ~)resented in Tc.ble VI ( D) 

we ._,_,.,e :,_ilotted relutive to tir:1e in ccc1~::.1 9 an d t !1e pei'c ent a::,_,es 

of tlle rn.J.x imu.m oxycen :Lntalce v :J,:,_ue wo:ck<:;d a t not e d next to 

e c,ch il'ldiv j_dual e:;:;, .... c.~h . 

The av erag e l a ctic a cid, ;,yruvi c o,cid and e :<ecess 

lacta te c oncenti .... a t:Lons g iven in 'l'L.bles VI( C) , VI (D) a n d VI( :C ) 

a re also :pr-esent2cl l"el..1. ti ve t o time in __, :cc1_._Jhs 6 , 7, u::.0. 8 
l"especti vely . Co:i.."i .... cs:)ondin3 pe:!. cent<-.ge s of t he, mc1xirnum 

oxy,:\en i ntake v alue a:i.. .... e a ls o ~1o t ed next to e a ch individual 
graph . 



~ . GTI0UP~D DATA . 

The l a ctic a cid , pyruvic a cid, excess l a cta te a nd 

he a rt ~a te data of a l l the s ub jec t s we~e ~roup ed tog e ther 
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into diff erent percen t ages of t heir ma x i mwn oxygen inta k e 

v a l ues . These ~rou:)s r an.c.;od from 40- 951's and a re 5~; .:!: 21b 
ara:ct f r om e a ch othe1", exc e)t a t 957o whe:c-e ± 3'1b Wd S a llowed 

due t o the :cel8.tivel y few obs ervations mao.e i n t his pe:ccentag::; 

Calculated ave:ca.::~es c. .:.. ... a wn f::,__"om the grouJ:.)E:d d a t u 

a re t a bulated into ~~a~Jl os V(A) , V(J3), V(C) and IV and 

c11"e also t;r a:phically ::_11"esented in gra}hs 1 , 2 , 3 and 4 

res ~J ectively . Next t o eacll individual g1,...aph are g iven t h e 

corres )Y..mding J_) 8 :i.."'cent ct(_3'8 oi t~e rnaximwa oxy ,:_:,;en L1t a ke worked 

o. t a nd L1 b1 ... a ck e ts the nwnber of s ub jects g:couped t ogether 

~tea ch ) ercentage group . 

(1 ) a) La c ti c acid c oncentr a t i on rel a tive t o time . 

F:com g:i:·a)h 1 , it is obvious t hat in gene:cal the 

followia:::, :,.;1:•oi;r2 ssive change uccurr ed in the lc1ct _i. c a cid 

c on c ent:,:·ation curve rela tiv :::; t o time o,s the wo1.,lc load wa s 

i nc:ce a sed . 

(i) A.s the worl-.: load wa s i n creased , the n;i::,__"haa:cy rise" 

bec c1me noTe :Jl"Ominent ; however , i n t h e 1 ... an c e of 40- 6c..Y;b of 

t h e maximum oxy ,:;en intake v a lue t l.!.e Jc1,c ti c a cid c on c ent:i."a tions 

:i:'etu:cned to the ba s al v a lue after t h e :;_:irima17 elev a t ion . 

( ii) At a ce :.. ... t a in critical wor k loa d , wh ich re s ulted i n 

a n oxy gen c onsumpt ion of 60- 651~ of the :;_·, .a ximum. oxygen i ntc..1.lce, 

there 1m s ~.T1 addi t i .1Jn t o the n)rir.iary rise " an eleva ti on of 

the ne arly l)la-ceo,u like cu:i.-ve f ound betwe en the 26 th an d 56th 

minute observations to levels well a bove t i!e b c1s a l v alue . 
Thi s type of' curve wa s obvious for t h e next 20-;v . 
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( iii ) With a work loG.d :cesul tin& c1~1. oxyc en consumption 

of± 90; of the maximwn oxyc en intake v a l u e the l J ctic a cid 
nf!;)r-1 / 

c onc ent:t·ation curve wa s " a pl a teau over its enti:r·e :r.'ange . 

( i v ) At wo:ck loads r e sul tin ,::,; in oxy(~en c ons mi1ptions of 

mo1 ... e tha n 90/o of t he :r:L1.:;~ imUli1 o~:ygen inta lce v alue t he ::c_):;.: imary 

elevo,tion moved over to the 56tb. minute observa tion , which 

i s a lso the period immedia tely before termination of the 

ex:;:,eri mento,l run . This :primary eleva t ion :·,10ved from the 

first few riiinut e s of exe:ccise to the l a st minute in a matter 

of + l O'fa of t he maxir,1um ox:yc;en i nta ke v alue . 

( v) In Ta ble III c.t:I·e a ccw,ml a t ed tl12 o::;itir,1uri1 )e:ccentages 

ol t h-) maximum oxy c;en intc.:1,ke v alue s a t w:Li ch e a ch sub ject 

c ould just susta in work f o::.. ... l hour only . The iilean v alue 

of ± 83}& f alls r oughly toget~ie ::c with the l c::.ctic a cid conc en­

tration curve which i s a :Jlat eau ove:i:' its enti1 ... e range . 

b) Scat ter . 

In gr a:;_Jh 5 are p ::::-e sented the total scatter a bout 

the r,1e an fo r 13 sub jects wo:cking a t 65% .: 2~; of t hei1 ... 

ma ximum oxygen intakes . l_i'he average sc a tt e r about the mean 

at the 6th , 26th a nd 56th minute observa ti ons being 2 . 6 mlI 

l a ct ic a c id per litre of blood wa ter . 

2 . ::.:"'yruvic o.cid c oncei~t1-:_~tion 1~e_l a tiv~ t o time . 

::i:n :q;:ca ~)h 2 a ::.. ... e prese11tcd the :;)yruvic a cid concen­

tra t ions rel a tiv e to time for different pe r ce~ t ages of the 

ma xir,1u.m. oxy.:.'.,"en intake value . The graphs diffe::;_ ... by 59.; .± 2;'b 

from e fw h othe r and ranrse f :cum 4O-- 95;b of t he maximum oxygen 

int 2-lrn v alue . The f ollowin,:_; }_)l ... 0(;:..:essi ve c:1ango s occurred 

in the c_:;ene1 ... aJ_ ·c:....,end of t:10 cui--·ve with i nc:ceasj_ng work loads . 

a) In the pe1~f o:,:•n1ance of wo:ck loa ds l'esul tinG in 

oxy gen inta kc-:J S of 40- 60;~ of t l1e ma ximum oxybt~n inta ke , a 
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"p:ci111c1ry rise" oc curred at the 6th r,1in.ute observ a tion i n 

e a ch set of data . 1'i.fter tl1is :;_1:;., i r: ia ry elevation 9 howeve r , the 

pyruvic a cid concent :.. ... u tions :..'etu:cned to the ba s 2..l v alue . 

b) At a crj t i c :1-l wo:..-;( lo,1d l"'Gsul ting in an o~~ygen 

cons1JJi~:;-:,ti on of 60- 65~ o:f the maxi1,1um oxy ,en intake , tl1e1 ... e 

wa s in addition to t he p:.. ... ima.;_'y elev a tion o.n Glev~i tion of the 

nea rly 1-11,.:i teau :.L ike level found bet'.JG8n t he 2Gt ~~ G.nd 56 th 

minut e obse::i..~cJ.tions t o a level well above the basal value . 
With e a ch inc1 ... e:i:.1ent in work load , then 1 t he co:..":;.. ... e s :yondinc 

levels moved l1i.:~·her o.bov e t he ~0;asal v alue . 'l'his type of 

curve w8f3 obvious fror11 655"£ to 80;~ of t he m;:.:,ximum oxy.:;en intake 

v o.lue . 

c) 

of 85- 9~ 

At work load s T·esultinG in 

of the mc.1x~_:mrn1 oxy ·::,en intake value the 11 p1 ... ir11c1ry 
hkt 

abol i shed and the cul"Ve wa s , ril a t eau ,, ove:c i ts 

ent i:.."e rru.v;e . 

d) When work loads resnl t e d in ozyc;en c onswi1ptions 

of more than 90% of the maximum oxyc:~en intdke , the cui~e of 

pyruvic a cid c oncentro.tions r el a tive to t ime h.J.d an ever 

incl'ea.sing tendency . 

e) Table IIl presents the o~)t i m.UL1 percen t age s of the 

maximum ox~r6 en i n t a ke at wl1ich wo:ck c ould just be maintained 

for 1 hom::> only . The 1,iean v alu e of .:!: 83~h f alls together 

with the cui ... ve in which the pyruvic acid concentr.J.tions rel a­

t ive to time i s a plateau fo1~ the entire p el"'iod of exercise . 

3 . Excess l a ctdte concentrat i ons rel at ive to time . 

The .""\naly sis of J'l ... o.jJhS 1 9 2 and 3 revealed tha t in 

all 3 c ase s the c o.,1.centcat ions, of t hose metabolic .:)arameters , 

in blood v ..1ried c:::..ose .J.:..:vund a mean v alue . 

howeve:c 9 :;_):conounced diffei ... enc es mc1de t hemselves ap}arent with 

e a ch inc r ement in work stres s . The first l ar:~ differen6e u 
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from tl:.e usual mean v alue wa s c ons idered t o be t hat :::itt1ge in 

meta bolism a t whi ch the a ccwnuL1t ion be c as,1e exc e ssive . 

The e xc ess l a cta te c on centrations , pr e sen ted 

r el a t i ve to time in ::.;r a:;:~h 3 , f oll ow r ou.:_';hly t he oai.ue g ene r al 

patt ern as that of l.J, c t i c a c i d . Del ow 651~, h owev er , the 

exc ess l a cta t e c onc entra. t i on s , after a 11 prima:r·y :ri se " , returned 

to ;ir a c tical l y z ero v alue s wher e as t he lac ti c nc id c on centra-

t ion s retr:.r n ed t o QJ_J):;:'oximatel y bo.sal v alues . The n e tto 

a ccu.i-nul a t i on of e xc e s s l a cta t e at c or re s p ondin g 1'.)oints was 

a l so much less t han tho.t of lacti c a cid . 

4 . The av e:;."ac,,e h eart r a te v al u es at subma x irn.um l evels . 

In gr aph 4 a :;. .... e ::_)resen ted t :1e calcul c.tted average 

he o.1 .... t r a tes :;_ .... e l a. tive t o time . Corre s p ond ing p e :L~centac;e s 

of the maximwn oxy cen i n t ake worked a t , and also t h e number 

of subj e c t s i n e <1.0h grou p , c11 .... e n oted next to e a ch s epar a t e 

g :..--·a_;;:ih . The ave ::;:>zie;e hea::ct rate v al ues over the last 3 0 

minute s of exer c ise we:.:·e : -

60 :pei .... c ent = 1 27 bea ts/min . 

65 t! = 136 II II 

90 17 = l 69 i; II 

1 00 II = 177 \! II 

5 . l'l'lysic o.l ch ~1,rac te:r·istic s . 

In Ta ble I a re a ccwnula ted the he i ghts a nd average 

weight s of 8J..l t:1e suo jec t s over the ~_i e riod of ex2 eTi1i1enta tion . 

The h etero&eneou s char a cteT of t his s 3211ple , t aken a t r andom 

fr om the mini n g indu str y o:f South Af:ci c a , is al so cl e a r fTom 

thi s t a ble . Height s nrn.(~C::: d froin 6 2 17 
- 69 . 25" t.tnd weight s 

f r om 118 - 1 61 lbs . 
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6 . Maxirn.ur(l oxy r;en inta ke v alues . 

In Tabl e II are g iven the individual ma ximura 

oxy 0 en inta ke v alue s . These v 2-lues r anged f:t·orn. 2 . 62 - 3 . 84 
litres/min . ancl t1ave o..n averac;e of 49 . 9 rnl . oxygen/kg . of 

body ·1-,eight which i s also t abul cJ. ted in the same t able . 

7 . i·1aximum hea i .... t rate v alues and enduranc e times . 

The 111c.ximur11 he ::1rt r a te v alue of e a ch s ubj ect and 

the c a lculc1ted averag e v alue o:i.' 176 . 8 beats/r1lin . a re p:cesented 

in ·:ra blc III . The optirnura pe:ccent cLc;es of the ma ximum oxye;·en 

intake v alue at wrdch wo:dc c ould just b e sustained for 1 hour 

onl~r a1 .... e also g iven . The calcula ted average of 82 . 9% wo,s 

found to f all a:Jp1 .... ozimatoly t ocether with tha t s cag e in the 

pyruva te metabolism a t which the pyl"UVu. te/time relationship 

is a plateau over the en ti~e rang e of exe:ccise . 

There seems t o be a l .... ela tionshi;i between the maximum 

heart r a te v alue and the o;, ti:mum pe1 .... centa 0 e of the maximum 

oxyc en intake . The re~ a t ionshi~ between these two v aria bles 

ap:pe o.:r·s to be curvilinear a nd the e qua tion of the cu1~e 

presented in ~r aph 12 is: -

r-J - l OOx - 211 , 45y + 20635 = 0 

From the tr::msfo2.ned da:ca in ,sra:1h 13 a c o:crelat ion c oeffi_cient 

of o. 70 , which is sic;ni:.fic ant .:.Lt the 57; level , was ca lculated . 

It s houl d b e stressed , h owever , that this curve 

merely g i ve s an inc, icat:'.on of t11.e functional rel a tionship , 

be c ause the cu:cve c oul ci n ut ~Je satisf a ctorily esta blished 

due to the l a:cc;e scatter ancl f ew obse:cva,tions made . 



c=-IAPTER V. 

DISCUS J I ON, 

A. LACT I C ACID . 

1 . Sc a tter . 

The investigato:r·s of l a c tic a cid in blood , for 

many years previ ous to this study , h ave been facing t l1e 

:;_.>roblem of j,;lotting on the s 3.r.1e g r a}h the results of more 

than one s u bject without a l a rge sca tter a bout t he mean , 

i mma,terie,l of whethe i ... t h ese sub j e cts worked under the same 

c ondit i ons or not . 
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In the p:;:esent study o, work load 1 Wi'lich r esulted 

in an oxyg en consum:;?ti on of 65% of the maximurn oxygen intake 

v alue , was rega:rded a,s of modera te intensity . At this 

\)ercenta3e of the m3.:.::inum oxygen intake the av erage human 

body h a s just sur:::-'a ssed t hat s tage of exercise a t w:1ich the 

l ac t ic a cid a c cumul a tion becomes excessive (graph 1) . 

G-i·a:;)h 5 re~1;r:i.."e s ents the l"esu l ts of 13 subjects all 

doing exerci s e of a rnode:ca te inte:t1si ty . The very sr.iall 

sca tter of 2 . 6 Hh'1 l a c t ic a cid pe :,:- li t :ce of body wa ter over 

a wide perce:a.t aGe :;,. ... :.1n.:.1:e of 4~:~ and s u ch a big group of subjects 

points to the s uc c e ss a chieved in grouping l"es1.1l t s to tsether 

a t the same pe:ccentac;e of the maximum oxygen intake v alue . 

Com:;,1ared with the da t a of 3 . Hol,inson and. P . F . II2.rmon (1941 ) 

the s c a tter about the mean i n p;r a ~)h 5 is .± 43 . 51; less , al t h ough 

31?; nore su bjects wer e studied and a 41~ allowa nce about the 

exa ct p e::ccentage wa s made for c;rouping these r esults together . 

Tl1c l a i'"'c;er s c c:.1 t-t;e r of' t~~--1e r e:-rul ts of 8 . 11obinson and P . l:a1--mo11 

(1 9~-1) could be du e t u the f a ct t h a t in t he :pa st no p:r·ecise 

:phys iol ogical c :;. ... itei-·ic1 were e s t a bl iGlle <l f o:..~ diffe:cent working 

stresses (li~ht , modcTa te OT seveTe) . I t mi ght t hus be tha t 
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the subjects did not all work a t t he s ame dec;1"ee of t heir 

1.1c .. ximum c a1x10i ties and thus did not ex:,_Je rience the s c,,me degre e 

of st:i:-ess . 

Th e l"e sults :p1 ... e sented by S . Robinson and :;:' . ll . Ha r m.or-. 
fa. 

(1941) o,r e the only av cJ. \ ole r esults of an a ttempt t o 1--;r oup 

tog ethe:;.,., the results o:f dif fe:;.,.,en t subjec ts . :'fc::.1,ny othe1" 

auth ors also h a d the })1 ... oblern. o:f c roupi n g or c omparing resul ts 

fro:.11 one 8ubject with t :1a t of another and in the :;,i ::1, s t this 

h ctd been deal t with by merel y discussing the l"e sul ts of one 

subject o. t ..::,, t ime and thus r,1,-::. s l:ing the above :;_)ro::ilem to a 

l a r g e extent . 

2 . Lacti c a cid c oncentra tions rel a tive to time . 

The [:;eneral t:ccmd s in the l a c tic a cid ooncen tration. 

rel a tive to time for v a1' ious ~;ercentages of the !na ximum 

oxy Gei1 intake are presented i n [:;l"a) h 1 of this study . The 

gra:)hs also display the existence of a np:..'ima ::;:•y :ci s e" a t the 

6th minute obse :,:•vation; howeveT 1 a t levels bel ow 65% of the 

ma ximmn oxys en inta ke t he lactic acid concentra tion retuTns 

to a pproxima tel y basal value. The existence of t h e 11 :J:i.. ... ima ry 

rise;, in this l"anc;e rni ::;11.t be due to the exe:ccise i n the early 

sta:.:;e s being :;,,• e ::cfo:cmed ma inly by anaerobic me ans . 111.Den the 

ci:;."culati on of oxy c;cm t o the active mus cles has been ad a pted 

so a s to satisfy the enti:i.."e metabolic der,1and , the 1lroduct io~ 

of l a ctic a c id c eas es . The a ccur,ml a ted blood l ac t ic a cid 

i s then r emoved by ·che ina ctive t issues and the l act ic a cid 

concentr ations in t he blood :"e turns to t h e basal level . 

Above 60;4a the lactic a ctd c oncentration rel a tive to 

time curve i s exa ctl y the same except for the "pl a teau" found 

between the 26th and 56 th mi nutes observa tions now be i ng 

eleva ted well a bove the basa l l evel . Thus from 6 0- 65<;,i a 

ma jor c:::.an~e i n tL.e active mus clG r s r,1eta bolism tends t o occur 

when t h e a ccw riul a tion of lactic a cid i n blood has become 
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exc essive . Thi s exc e ssive accumul a t i on of l ac ti c a cid after 

a critical work load has beei1 sur passed is in agreement with 

t!.1e find ings of O. J e "" ... vell ( 1928 ) , n. i·1ar gari;:i (1963) , 

B. ; ikki (1963) a nd C. H. Wyndham (1962) . It seems as if the 

oxyg en su~ply to the a ctive mu s cle t is sue oec omes insufficient 

and t hat part of the energy utilized for exercis e is s upplied 

by mea li::l of a n a erobi c r,ietabolism, r e sul tinG i n o.. c ontinuous 

:;_)roduction of l a c t ic a cid in the a ct ive mus cles . The 

a ccwnula ted l uctic a c i d i s t hen trans ? orted via the blood 

ci:ccu l a tion to inactiv e t i s sues where it is r emov ed . An 

eleva t ed bl ood l a ctic a cid concen t r at ion will t '1us be s usta ined 

f or the ent i:ce ~)eriod of e xe r cise . This curve is chara cteris­

tic in t he r ange of 65- G5c;~ of the maxi mrun oxygen intake . 

Thus i f 6 C() o:2' tho nt..--:,x i mrun oxy c;en i n t ake h a s been su:i.·:;_.)assed 

t h e l a c tic a cid a ccumulation bec or,1es excessive and points to 

an energy 3 u.:;_J) ly by means of an a erobic meta bolism. The oxygen 

i n t ake still r i s e s u p to the maximum oxy:c_;en intake a nd this 

points to a e:robic metabolism . Thu s we have a erooic s.nd 

anaeTobic metabol ism proceeding a t the s ame time , wh en wo:ck 

loa ds beyond 60,; of t h e maximum oxy~en intake a Y"e p e:i.. ... fo :cm.ed . 

The appearance of the 11 :prin1a:i.."Y :i.. ... ise" du:cing t h e 

first f ew mi nute s of exc:i.. ... c i se seems to be rl ue to a l a r ge 

:;.,r oduc t i on of lac tic a cid in t h e a ctive muscles und e:i.. ... pa:i.. .... tly 

anoxic c ond itions . The l a c tic a cid so produced diffuses 

i n to the bl oods t ~.:-8 .JJ.n wi t h an elevated blood l ,7-.ct :·~ c a c i d 

concentration a s a r e sul t . The :i.. ... etur n to G, " l;l a te au" like 

level afte ::;_ .... t his " :;_1r i ma :....7 ri sen s eems to be due, not t o a 

breakd own of l a ctic a cid in t h e i nacti ve tissue, but r a t h er 

t o the diffusion of the ~~oduced lact i c a cid t h r ou ghout t he 

total body water . ( A . 17
• Hartmann and H . J . E . Senn. (1932) . 

The existence of the " ~Jrimary rise" durinc t h e fi rst fe w 

mi nu t es of exe::;_ ... c i se were c onfirn1ed by o. ilin~; (1 936) , 

:2 . V. Flock et al . (193 9) , and nany oth e:cs . Acc ord i ng to 
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O. Je ::.."Vell (1 9 28 ) , t h e a c cur,1u.la t i on of l a c ti c a c i d on a 

c erta in wor k loa d i s of h i ghe:c ma c;nitude du:t>ing t h e ons et 

of e xe:cc i s e than in t h e doubl i n ~ of the work l oa d duri n G t h e 

l a t t er stages of exe:cc i s e . I f t h e s udden drop i n l a c ti c 

a cid c onc entr a t ion aftex· the 11 px'imai--y r i s e n wa s du e t o t h e 

bre a kdown of l a c ti c a cid by the ina c tive t iss u e , t h i s s aJne 

t i s s u e s b.ould h ave t h e o,bil i t y to r:1e t a bol i s e a l l t h e L 1c ti c 

a cid in t h e blood c i :i.' cu.l a ti on . This woul d r e s ul t in l Llc ti c 

a c i d c onc en tra t ion s o:[ ba s al v c:i.lue du:i."ing the l a tter sta c.::;es 

of exerc i se . This , l1oweve r , d id not oc cur when t h e wor k 

l oa d :cesuJ_t e d i n an oxyGen c onsumpt ion of r,1oi"e t han 60% of 

the P1a ximum oxygen intake . At t h e se work l oads , pa:rt of the 

ene:cbY s upply de11end s on ana erobi c meta bol ism and t :1is will 

have a c ontinuous ):coducti on of lac ti c a c id as a resul t . 

F:com t h e a ct i ve muscl e s l a c ·cic a c id d if:fus zs i nto t he blood 

c i:ccu.l a tion , which t:,_"arn_; i,orts t'1e l a c t i c a cid t o i nc1c -cive 

pa :ct3 oi:' the body , whe :,_~ e it diffuse s t 1 1r ou Gh out the en tire 

b ody water . The h i gh er wo:ck loa d will r e sul t i n a l a r Ger 

pr oduc t ion of l a c tic a c i d in the a ctiv e mu s cl e , whi c h i,1e a n s 
+he 

th.J. t moi..., e l a c t ic a cid h a s to be t:cans:jOl"ted i n~ bl ood :;;>er 

u n i t time and t hu s h i ghe1" blood l '-1,c tic a cid conc ent1"a t ion s 

will i~e sul t . 

'l'he "plateau 11 f ound 7Je t ween t h e 26 t h and 56 t h 1,1i nu te 

observa tions , h c:,;, s ct sl i Gh t slo:._:ie ind i c a t i ng the rer,wv al of 

l A-c tic a c id f r om the -olo e1d . Thi s removal . mi :;h t be due to 

t h 8 ina ct~ve ,mscle t i s sue ' s me t a bolism of blood l a c t a te . 

In iJ.11 (sl"a:;;:~1s t h is slo_;:>e s ce:ms to be of the s ame i,1<..tgnitud e , 

irre s _c1ect :L v e of t h e i n t ensi ty o:i: exe1--cis e . The s rune ty11e 

of exe rc i s e 1 be ing em:i_1loyed il-1 all cas2 s , i1.ow s e ems t o p o i n t 

ou t t 11a t t h e s a:.,.e ru,1ount of L1a.ctive tis sue exi s t ed wh en t h e 

body wa.s a c t ive i n e a ch c a.:J o . 1.rl1.i s then ili gh t :ccsul t in 

the SDJ1e ru-;1ount of Lwtic b:ceakd own in e a ch c a s e 1 wh i ch could 

be tru e , be c au se t he sl ope i n all t he f:l"aphs i s a :)p:cox i ma t ely 



the s m.1e 9 and thus the s u.rne cJ..mount of lac tate is being 

removed by the sarne amuunt of inactive tissue . 

The h i c;her the ];"> e:."centage of the maximw.n o:wgen 

intake work ed a t , the less prominent become s the 11 ~rim<.1ry 

:cise 11
, until at :!.9~; whe:.:·e it c o111pl 2tely disappe a rs and j:jhe 

ent ii"e c-raj)h follows the c ourse of a 11 _plateau 11 • 1·~t t h is 

59 

sta0 e the l:.ictic acid p:;.."oduction in tlle o,c tive muscle s tc1kes 

:;,Jlace to an extent wl1ich e xceeds the l"emoval of l a ctic acid 

from the blood s~::-eam by means of b oth the inactive tissue 

ancl :i;he bu::: fer a ction of the total body wa ter . Thus at 

.:t 9 0% of the maxir11w-11 ox;y -·;en in t ake v alue , the nMxi mum o, bil i ty 

of the c ,,r,1}oncnts :i.:•fa10ving lactic ncid from the body water 

has been ~eac~ed . 

At WOl"k loG.ds ~:c sul tinu in o:;ry:;en c ons tu!lj_) tiorn '-,:::· · 

r.10:ce than 90:~ of ·r;he maximum oxyc::;en intake v alue , the h ighest 

blood l uctic acid conc entrat~on will occur a t the end of 

e::e rcise . \Ii t hin 10% of the ma.:xiuum oxy.~en intake, the 
11 prim ~':l.ry :::'ise 11 ::ia.s thus moved frrn.1 the f'i:;_--•st few minute s of 

exercise to the l as t minute of exercise . 1rl1e lc-10tic a cid 

c oncent:i..--..-3,tion curve oJ an eve:;_-- inci"eas int.; tendency has called 

fo:;.-- the ex0?l anation of a l c.i·\;e c ontinuous :production of l a c tic 

acid by the a c tive tissues . The lactic a cid a cct-:i,mlate s 

r a_:idly and t l1.c total time t:1c1t tho exercise c ould be sustained 

will d e toxmine the rna.gni tude of tl1e lactic a cid concentration 

nccurn.ul ri. tion . Thus we conc~ude tha t the better motivcited 

subject wi:i.l u::;,"(_) e h:Lms el:c· to work l 'or loncse l" }:Jeriuds and thus 

a ccmt1ulate hi . ;lier blood lactic a cid conce-,1 t:;..--ations . This 

findint~ -.va.s fi:cst suc;;,ested by C. ll . Wyndham et c.l . (1 959) . 

Durinr-, tl:_e l s. t ter st:.1(;'e of exercise O. Ban_; (1936) , 

sometimes in additi on to a ll p:rimc~:cy l"is e 11
, also found a 

11 seconda ry :cise 11
, 1hil e P . P . '::;skil dsen (1 945) clni1,1s to h ave 

found a plateau after .:.i, transi to:7 ::,:-ise 9 wh ile the rcsnl ts 
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of O. ,T e:rvell (1920 ) anc. t hose of J . Te .,.rt?e:crnan a nd 

II . :M . Te;rpermc1.n ( 1 947) support t.he find inzs of tl1e :present 

study . The i11a.c;n itude of t h e slope found be twe en the 26 th . and 

56th r.1inut e obse:.."'Vations i s so s1i1all tha t it mic;ht h2.ve been 

over looked by -i:, D 
.t • .L • Eskildsen (1 945 ) . o. Bang (1 936) on 

the other 11. 2,,nd only did one e x::_; .:;ri r11ental l"l,ill at e a ch work 

loo.d , thu s the "s e c ond ary ris e s 11 wer·e not exte~1sively invest i -

gat ed . :h--om G survey of' O. Bang ' s (1936) data , the "se c o11dary 

rises " seem mo1"e likely to oc cur du:cin{::, the ve -..:y l '-1te stc.16es 

of exe1--cise , t hus this could be du e to the subjects , who are 

i n a sta te o:f f tigue , beint; com:;.Je1lec~ to chcJ.ng e t ;·iei1" 

e xercising te chnie:.ue durinc; the dis c o:.,1fort of blood s rui1) ling. 

Thes e chang es in :,,.iecla llini:; tecrmic_ue wi11 result in the 

inc o:cporati on o:i: new r1iuscl e t_;i .... ouys for ·cl1e :pe:;::f o:;."!nance of 

exercis e and will al s o 1--esul t L1 an 3.ddi tiono.l p:i."oduction 

of lactic a cid . 

A curve, wb.ich was a "i.J1ateGu 11 ovc~r its ent ii"e 
\\ 

cou:cse , h c-1.s beGn clas sed by v. :Ja ng (1936 ) as n o~typical . 

}Iowcve:r· , when tl~~ L .• ctic acid c oncent l"'o.tions accw11ula ·c e d 

ai"'e cm11pa red t o t l1e ::? indin:--s of t :·1is study , it wa s l"Gveal ed 

tlla:t this curve f o,ll s wi t r1in the 90/o rane e , which hc.1s a 

"plateau11 like trend f or the e:1tire ~;1e:ciod of exei ... cise . 

::'rom the ava il.:-1ble l:Lt c :r·(1ture it s e ems that all the 

inves tignto1·s in the p st h cJ.ve ovci·l ooked t hin t ~r11e of 

cu1"'Ve , which oc cu:cs only in a v e :i. ... y sr112.ll pe:;_"centa[;e r 2.nge of 

t :·1c ma:cimum oxyc_,en intal'-e v alue . 

A. V. IIill (1 9 23 ) , G. Lundin and G·. Jtrom (1946 ) 

found the l a c ·cic a c id conccnt:co. t i on :cel ..1tiv e t o t .. mo cul"Ve 

t o :follow the cou:-cse of c.1 11 J l 2. t e au 11
, si1.1iL:tr to the oxygen 

con su.m}.Jt i on r el -,-:jiv e t o time . :~. Asmussen (1950 ) c. gain 

clai ms to have f ound a cai ... ve with c-:..n inc:2casing n ~tui ... e . 

Tl~G c ontrove:::.."sy amon.5 autho::,."'s , a s to the exa,c t 

time of exo::'c ise a t ·v(-1ich the 11 .,_J1~imnry :cis e 11 1·e.:.:ches its 
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maximum , c cm ~Je ex:/lained ~ te:..:'lns of t;:1e finding that the 

"px·ima::;_-y :i.."ise '' moves f:i.."Om the first :few minut 3s of exercise 

to the l a st minute of exe:ccise , c..1. s the wo::ck loa.d i s inc:t·eased . 

This suggests tha t , if results a :.."e to be compa red. , it is 

absolutel y essential to stat e the percentE!ge s of the m ,ximum 

oxygen intakes worked at nnd t he blood ScJJT1:plinC," times f o:;_" 

e a ch subject, and to ;:n,1kc c or,1::_Ja:cisons only at the s ame 

sam:;,1LLng times n:c1d co:;_.,res :;_; onding pe:;_"centag e s of the ma ximum 

oxygen inta ke v a,lues . 

In Table I Jl are p:;_"e sented the o~; timum pei .... cento,ge of 

the m2-ximum oxy.;en intake at which each subject wa s just able 

to sustain exercise fo:;_" a mc1.ximum l)eriod o:f 60 minutes . The 

1~1., c tic a cid C!oncentr'l-tion cu:..---ve rela tive to time, which is a 

" :)l a teau" over i t s eati re r ange , ·calls r ou ~;hly toc;ethel" with 

the c 3,lcula.t;ed averag e of ,:t c33% of the ma ximum oxy(.;·en intake 

v alue . This is also t b1t stace of exe:ccise a t ·which the 

l a ctic a cid :-,_;::,.--oduction :)roc c e d s a t a r a te which just exceeds 

the su.m tutal of the c om1Junents :;_"er11ov :Ln0 l a ctic a cid from 

the bl o od . 

It c an tlms be concluded tha t t ~1e contii1uou;;: 

production of l a ctic a c :i.d , a t a r a te which e q_uals or exc eeds 

the l a ctic cicid re111ovaJ. fi"om blood , is one of the p.:::,::cameters 

contri butin0 t o the ex:,_;ei-·ience of tlie sei1. s a tion cornrnonly 

known 33 f a tic, .. ue . 

B. PYHUVIC ACID CONCENTRATI ONS ?i.:i:::;LAT·IVE TO TINE . 

A cor,1_,~"._ris on ma de o:f c;rn:;,.ih 1 and 2 revealed tha t 

the chances in blood py~ivic a cid concentra tions rela tive to 

time follow rourJ1.J..y the s ame :;;.::i,tte:cn as those of olood l a ctic 

a cid . 

I n the l"an:.e of work loads wb.ich ::cesul ted in oxyc;en 

consum:i;:>tions of 40-6v;; of the maxir,1um oxyc:;-en inta ke , the 
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exi stence of a n:i:n ·ima1--y rise'' in the pyi---uvic a cid concentra-

tions wa s due to anae1"obj_ c 1,1e t dbolic ac tiviti e s . Thi s 

c onclusion was dra wn af t e r obs c rvinr; a c onc orni t ant incr e a s e 

in the l a ctic a cid con centra tions ~ It is not cl e a r , h owever, 

wha t is the origin of t t1e a ccumu...l a ted )Y l"U.Vic a cid, f o:c this 

mi (;ht be f o1"ITI.e d e i ther by the oxid a tive r emov al of 1 1.etic 

a cid i n the restinc t i ssues or by the excessive f o:cmati on 

of _;_)yruvic a cid. in , o.nd t he r apid dif fusion from , the anoxic 

muscl e . 

The findinc t h a t the a ccumuL.-1, t ion of both l a ctic 

ucid an d ~y1---uvic a cid c oncentra ti ons become exc e ssive o. t the 

sa.1-;1.e oxye;en c ons u.m:;._Yti on is i n a c;r eement , wi t h t h e findings of 

:= . Asmus sen (1 949 ) and C. G. \/illiarns (1 960.) . Af t e r c onduc ting 

t }1.i s pi ... esent study t h e occuITenc e of this cri t ic s.l p oint wa s 

c oined t o a wo::.."k load \,,;h icl1 :ce s ul t ed i n a n oxygen consur11ption 

of 60- 65% of t he r11u.xir,rwn ozy ~J en inta ke v alue . \,Ji t h in 5'% of 

t he 112.x i mum oxy t,en inta lre , t h e c L .... cu l a t ion of oxy .3en to t h e 

a ctive uuscl es bec ame limi t c d a nd t h e s u :._i_;l;y: of en ergy to 

the nruscles s t a r t e d to d epend on J a r tly a~a erobi c me t abolism. 

At wor l: l oa ds above 6Q.;; of t h e ma ximum oxyg en int.J.k e , t h e 

eleva t e d 11 :pl ,7.:~ euu" l i ke lovol , fov.nd ~Jetween the 26 t h an d 

56tl1 minute o1;SG l"'Va t i c,,.1s '.L)oints out a continuous production 

of ooth pyruvic a cid and l a c tic a cid . The sl ight s l opes 

of t h e s e ne ar l y 11 :pl a t e, .. m" lilce l evels indica te 2:. n inc:ceased 

effic i ency i n t,h e r e;.,10va l o:f both l c:.c t:i.te aad py1---uv,.tte with 

time . 1fl1is eL;? ic i ency l""'em'..l. ins cons t ant :for l..iCta te , whil e 

dec ~:- ea sj_n;S: f or ~)yruv,1, te a s t h e wo:dc loa d increased . Th ese 

sl o:1es , hQwever , ai'e of a ve r y smal l ma e,ni tude nnd could 

ne :J.1~1y be re;;arded a s L1Signi fic ant . 
l l"l 

At oxygen ,, t '",k e v G.:_ues of 90% a nd 85~ of the ma ximum 

oxy gen inta ke v 2.l ue , the :ca t e s ,1 t which l ~,c t i c a.cid and 

:py :::..---uvic a c id r e s pect i vel y ::1re :._Jr oduc e d and removed from the 

blood a re in equili b1""'iwn. Th i s balance s sti"Uck between the 
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:production of these me t c11::ol i tes a nd those pa ::.."'ameters removing 

t h ese meta b:bl i t e s , is also tha t st.::;,0 e in metabolism s. t whi ch 

the 11 r,1Ll,ximum c a pa ci ti c; S11 of t he pa r runete::i.."S removing thes e 

metabolites are in opera tion . Aoove these percentaces , the 

nma ximum :i.."emovine; c apacities 11 of the s e p c.J,ramete:r·s have be en 

sur·)as s ed and t he se u e t aboli te s a ccur,mla t e d ra:;iidly i n the 

blood . 

Now tha t rela tively l :::trge amounts of both meta­

bolites a re :i_Jresent in the total body wa te1", it is obvious 

tha t t h e pyruvic a c iu concentra tions 2cctunula t ed in blood 

h ave a l:i."eady exceeded t 11ose IkLrarneters removing- it , wh ile 

lactic a cid is still be ing rei.;~oved after the 11 pi"'i1,1ary rise " 

occurred . This could not be at tri buted to differ ences in 

the diffusion r .:i, t e s of these meta bolites , because if the 

find in3s of w. Huckabee (1 956) on e:.cythrocytes a re a ssumed 

to be the s ame in tis 3ues , the opi:)osi te l"'esu.l t would occur . 

Thus , it was c onclud ed tha t while workin& under an a erobic 

conditions, there is f L2stly a ) l"'Oduction and accru,ml a tion 

of l ~ctic o,cid , while tl1e accUft'lulat ion of :i:lYl"UVic acid s eems 

to follow l a ter , Due to the vei;1 active n a ture of t h e 

l a cta te/~JY::i."Uva t e :i.."'eaction , the conc or,1i t o.nt inc:cease in 

:py::u v ic acid mi r;ht s e em to oc cur a t t h e s ame time a s th2-t 

of l a ctic acid . These obs e 1--va t ions, however , were ma de on 

the "tu rning p oints 11 of these niet a bol i tes , wh ere rel ~ .. tively 

ve1;1 small amoun ts of these i-;ie t c1ooli tes we ::.:'o p i-·es ent • 

Ib j 01"' d:.i.ffi cul t ies were enc ounte red i n determinin,; the exa ct 

p oint where the working concen-t i-\_1, tions sta :;_"'ted to differ 

s ic;nificantly f r om t he !)a s al and libht exercise v alues . 

The me a n v a lue for t ]:1e O) timum pe ::.:'cefftage s of the 

ma xir11tun oxy:-,en int a ke at wh ich work could just be susta ined 

f ol" 1 hour only , is gi v en in Table III 2.s .± 83~ . This 

pe :;_-.cen t a.ge co:;_"'rela t e s :cemo,:cka bly well with the 11 };ll a teau 11 like 

pyruvic a cid cu:;_--ve found a t 85~ . It is also tha t sto..Ge in 
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metabol ism , '.,rl1e1"e the :i_"):coduc tion and :i.."ernov --11 rates of :pyruvic 

.:...cid f:t·rn11 blood , balance one another . Highel ... wo.i."k loa d s 

will ra~idly tire the subjec t a nd result in an exce s sive 

a c cumulation of pyruvic a c id . Thus it "mi6h t" be tha t tl1e 

a c cumula tion of blood py1"Uvi c a cid i_)lays a more :promi n ent 

rol l . in L ', t ic;ue than l a ctic a cid , be c ause Ily:cuvic a cid 

concentrations have already became eveT increa sing i-·el a tiv e 

to tj_me , whil e that of l acti c a cid is still oe in<~ removed 

effectively . 

The com:_1a ... ison of a sedentc.11--y and physically a ctive 

group m<.1de by L . A. Cobb et a l . (1 96 3 ) 1 ... eveal ed tha t the 

h i gher pyruvic acid concentrations were a c cumulated i n the 

sedenta 1"y group . I'I'Om the r e sults ::presented in gra1;:ih 2 , 

it is obvious tha t s uo jects wi-cl1 different r,1,0.ximurn oxy.;en 

intal::2 v alues c ould not all be sub jected to the same wo1 ... k 

loa d and the d:xta a ccumula ted then c ·Jiil_pared from one sub j e ct 

to another . Physic c.1.lly active subjects will have hi15her 

ma ximum oxy.;en L1take v alues than sedentary pe opl e 1 therefore 

a wo1 ... k load of mode:i. ... ate intensity for a Y,>hysically a c tive 

ma n will be of a very heav y intcmsi ty fol" the ph;y-sicall y 

inactive man . This then ac c ounted fo1 ... the findinc; of 

L . A. Cobb et al . (1 96 3) . 

C . EXC:SSS LACTA'I•~: COiWDNTRATi vHS REl1ATIVE 1:eo TDC . 
. -

T:1e existence of a priliury rise in the excess 

l a c tate conc 211tra tion time cu1--ve )l ... e sented in GT o.ph 3 did 

not con:f:'i:i..--m t he findin3· of I-I. :;J , Thomas et al . (1 96 4) who , 

when doing wol..,k loads l a s tine; 10 minute s only , found the 

cu::-i.--ve to be ol' a ~.il a teau l i ke n ~t tu:,:e . The :fj_ndin:; of 

L . A. Cobb et al . (1963) 9 howeve1 ... , wa s to S,l111e extent c onfirmed , 

for t hia author 011.ly on u f ew occ a sions found a 11 1)rima 1.'Y 

rise" durinG the c c:.n~ly st.J.:;es Gf GXC]:rcise that l a sted up to 

60 rninutes . 



D. :J:lEITSI 0L0GI CALLY sourrn EV ALUATI0H 0 -:'1 
.L' WOl1K STRESS • 

A close c orrel a t ion , f ound be t ween t he oxygen 

equival e YJ. t s of exc ess l a c t a te a nd the a ctual oxy2;en d ebt 

incu1"1"ed , is a ssumu e d t o be co1"1"e c t ( \I . Huck a bee 1 958) . 
Acc ord i n s to some c r i ti c a l l)Oi nts i n the a ccw"'8.ul a ti on of 

exc e ss l a cta te in blood , thi s study a t t e1;1pt e d to lc1y down 

well define d a nd phy s iol ogically s ound cri te:;.'i a for t he 

uni versal ev alua tion of wor k s tress . Th i s eva l u a tion 

mi ght t hen oe used by t h e .;old mining industry of Sout h 

Ai'r i c a for the ef f ic i ent al1pl ic a t :Lon of t he Lc l a bour fo1"c e . 

These wel l define d c :ci t e :d_a wi ll als o enabl e t h e e xorci s e 

phys i ologis t t o state t he e xa c t wo:rk s t1"es s of e a ch wor k 

loa d t ha t t h e human body is sub j e c t ed to . The compar ison 

of dat c1. from one sub j ect t o a no theT wi ll n ow be p os s i ble , 

ev en those r esu l t s f rom different invest i g a t ions will be 

C Offii-Jal ... a bl e • 

Li 0h t 

Mocl era tely heav y 

I-Ie c.1vy 

Very h e avy 

~-~ of max . 02 
50 
65 
90 

1 00 

He art 1"a t e s . 

+ - 11 0 be a ts/min . 

+ 13 6 11 11 -
+ 169 11 11 -
+ 177 11 i i 

-
The c o:.."r esp ondL1g avera::;e excess l a cta t e v a l u es 

we:;."e a s fol lows : -

\fork str e ss . 6 min . 26 mi n . 56 mi n . - - - - - -
Li ght 0 . 420 0 . 029 0 . 023 
Vioc.er a tely heav y 1 .128 0 . 587 0 . 657 
He avy 4-. 393 4 . 081 4- .132 
Ve:cy heavy ·rot inves t i ga t ed. 
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For l i .:;ht exe:i..·c i s e n o wel l d<::fined C:i.."i tei'i on c oul d 

be pro:i-> osed e xc <::pt fo:;_~ a n a r bi trarily cho s en work l oa d which 

woul d i-·esult in an oxy ;5eil c ons w:11pt i on of + 5~i of the maximum 
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oxygen i n t a ke . \-lor k lo;:i,ds of t h i s intensi ty will hav e an 

av e :cage hG nr t 11 a t e of + 110 be a ts/r,1in . 

Ilodei .... a tely ::eavy e xerc ise on the oti1er ha nd wn.s 

define d t o thc1,t s t a ,_;e in metabol ism a t which the c ardi0-

res j?iratory ~-,,c chan:ism is s u :;;
0

_. lying oxy __, en to the hu.171.an 

t is3u e s a t a 1 .... ate II j us t ·; i n suffic i en t t o s a tisfy t h e erit i:ce 

met "N":>olic d er,1:::nd . .2a:i.. .... t ly aaa erobic me t a bolism h a s c ommen ced 

f r om 60- 65'fo of t he :: ,Ltxinn,un i ntake v a l u e . This r11a j o::c c :10.nge­

over i n the ene:i..1 2,Y s uJ;:i: _,lying r,ic ch c1ni sm of ti s sues s eems also 

t o "'.J c t h o. t sto.:;e in the metabolism a t wh i ch t he mus cl e s .c an 

opera t e for 8 h ou::~s 1)Gr workins day wi t hout a ny ill effe c t on 

the h e a l th of a l a bou:,_"er . The average v a lues f ound i n this 

s t -c~dy a1 .... e .:!: 5~; h i ghe11 t h,m t h ose f ound by C. II • .ly ndham e t al . 

( 1 962 ) • 1:ou e ::cc.1. tely h e avy exer c i se is a ce ompa.nied by an 

ave:cage h eal .... t o e a t of .:!: 136/min . At thi s ~1e o..i.' t :. .... a te the 

ma ximum st:i'.'olrn v ol wne has also b0en surpa s sed ( ~ . Asrims sen , 

and 1·1. :N i el son l ] 55 ) • I t seems t hat ma j Ol" :phy s iologic al 

chanc es h ave occu1"r8d a t t :1is point i n t he meta b olic pa ttern . 

A't + 90% ol t h e ma ximum oxy2;en i n t a ke v alue the 

r emoval oi t he c a lcul c.1. tcd excess l a cta te f rm11 blo ,-::i C:. i s 

baL .. 1.n c ed by the ";r ocluc ti on tl1e :.:-,eof , no l o.r 0 ·e ac curnul a. tion 

of ·ch i s me t a b olite will r esul t an d the c oncenti .... ation will 

r enn in c onstant f or t h e enti11 e _,)e:i. .... iod of exerci s e . The 

t i me for w:li ch an cff oi"t of t his il1.tens i t : - c oul d be m,,:·_11-

t a i ned wil l be les s t han 1 hour . J.,n av erc1 c_,e hea::ct r a t e 

of + 16 9 h ear t 7Jcats/ min . wi ll ::-e s u l t a t a work lo.:1d of t:1is 

i ntensity . 

Ve r y h e a.vy aus cula r wor k c oul d be d ef iner} t o 1 0 ~ 

of the ;:iir.ixirnum oz:yr-,en intG.ke v alue . Thi s wo::ck load c o:c:i."e s -

p onn s to heart 1.'"'a t es of 17G . 8 bec..t s / min , o.nd a r,1,,inton o.n ce 

time of 3- 4 i:1:i.nu t e s unly . 

The c :ci t e:,:i a pro_,_1 0 :=:;ed .J.bov e .1li~,ht se em to be an 
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over estima tion ; however , t he daily mining procedure is of 

a n intermittent na tm .. "e . RecoverJ will t ake :;;:,lace from time 

t o time throu:;hout the wh ol e shift . 

ror s c ientific puryoses these criteria are also 

v alu'--tble , fo:c t:1ey cover a l a:i.·\_;e workine; :co.nee of each subje c t 

and c;ive a fairly c oncj_se view of wi1G. t mi&ht be ex,_:.,(:,; cted 

from o.wt. sn1.) ject . 

The succ ess in .,):;_JJ..yinc the above evalua.tion 

effectively will de :._J end on inc:i.·easint'; the L1a:ximum oxyc en 

i ntake v alue of each l a b ourer as r,1uch a s possible . Tl1is 

c oul cl be a chieved oy di:cccting the w2ek- encl inte:;:-cests of 

labou:re:cs into the :;)LG·tici1Jation in well o:cgani z ed sport . 

The l c1bourei ... will be well r!,Otivated and at the s c::.;,1e time the 

industry will benefit from the inc:ceased r,12i.:d;:1un1 oxyi en 

i i'1take v alue s . 

Long dist 0,nce atheletes w:.11 b r:mefi t from this 

study by knowin6 that they are able to :cun at 60{o of the 

r,1axiI,1um o:x:y,~en intake for l onG 1J,..):-ciods \Ii thout any ill effec t 

on their heal th . At 831b of th8ir ma~:imum OXY·'.-,en in.ta.lee 

value on t :1e other h and. , exercise can be sustaL1ed for .:!: 60 

i:1j_nut es . Thi s will 1 ~:cc;ely be; cle1,en d e;:::t on r,10tivation. 

The defence fo~c e will also be able to caiculGte 

the :.c ... , te c.1t w>ich 1,1211. could be moved over a loa~ stretch 

without harrni n {~ the l1ec;.lth of the 1,1en fo:c comba t . They 

will als o 1Je in the :,_Jos i tion to calcula:te the r c~ t2 of ~noving 

me n :ca:,_.;:i..dly ovc .. :-- a sho:....-·t d istance . 

T:ic➔ physiological evalua tion of wo:drnJ:'S , .JrO.JOSed 

by :=; . IL Christ8i1sen (19 53) , :3oer.~s to b e an a::cb i t::.."'arily 

chos en set of ox~r.~,~n c onsu:mptiuns bu.secl on ex1)cri2nce only . - . 
Th:;.. s evaluation lild,de no a l l owance fo:-c distine,uishing bet\1een 

men of di£fe:i.··ent som;1to types . If a rnun of 4 lit::.."eB r,10,ximum 

oxy ·, en inta ke ca_ iaci ty :::1o i ... foi"ms a wo:;:-·k loa d :cequir::, .. 110 an 



oxys2n cons1m}tion of 2 li t:;:-•es 1 he will only be working at 

50% of l1j_s capa city and will not even r,1..--:. ke a dei.~_ind on his 

anaerobic me t abolic sto:.:-e s . A man of 3 l i t:;..--es maximUJ11 

oxygen i nta ke ca11aci ty on the othe:;..-- ha ncl , when doin.G the 

same wo:rk loa d , will extend himself u:.:i to 67% of his 
c a-:lo.ci ty and will 1.Je de'}enden{ on a continuous sup:::lly of 
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ener6y from anaerobi c sou:;..--ces . These two :,12n could definitely 

not be ret5a rded a s perf ormin6 the same wo:i.0 k st:c~ess . 

T!1.e c or.11.)aris on made of excess l n ctate in scde z1 t a :ry 

anc7. :cihysically a ctiv e subjects (L . A. Cobb et al . 1963 ) 

reveal e d that even in recent investigations t l1e c om~1a:;..--ison 

of excess l a c tc:J,te da ta from l sub ject or '-:;r JU:i:l of su;J jects 

wj_ th othe:;..--s ha s still not been :;;mt on to a s ound }Jhysiolo; ·ical 

basis . All t .he s u bjects , whether bi[; 01~ small and sedenta ry 

or phys ically active , we re subjected to the s8.li1e work loa d 

,md did thus not all ex; erience the sOJ!l.e dec :..~ee o:f st:;..~ess . 

This was also c onfirmed by the differences in the time tha t 

each sedentary subjec t c ou l d sustain work . In the ::_.;hys i c a l l y 

a ct ive (Irou;i , i·i:; see:::as tha t with the exce:ltion of 3 , all the 

S"J.b jects worked a t loa d8 n ot even h i fJ1 enouch for tl1e 

production of exces s l c:1c ·ca t e . This f ;:;,ct t hen n cc ounted 

f or the r em2rka ble r e ~uc t ion in sca t t e~ on the r 2sults of 

the physically a ctive c:;:;..--c.1u:J . I f the subjects were ull 

wo:...~l;:ed a t the s mrie ~') e:ccen t u, 0 es of t h2 ir l il0,x :.:.1iTLU11 oxy[;en 

int2cke v ,1,l ues , the scatter would be much Si1LJ.ll c r anc1. it 

would be v o..lid to d:e.::..w aveJ:a_::_;es of t he excess lactate , L 1,cta te 

and :_:1;y- :;_~uvic acicl c onc e:rtra t :i..ons accmnulate d . 
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\JEI CH WORK CUu.G:J 

OXYGEN 

FOR 

There appears to be a rela tionship between these 
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two v ar· i a bles . However , t his ma tter should be :i."einves t igated 

on a bettei" ba sis a nd with moi~e observ a t ions . Thus if 2 men 

of the same c o,J a city s hould be chosen from as fa:c as enduran c e 

work i s c oncerned t here i s a hic;h probability tha t the n1_1,n 

with t he lowe ::.~ ma:dmwn heai"t r ate v 2.lue will be the I110l"e 

suita ble . 

Thi s f inding is d irectl y apJ_)lica ble t o the d efen ce 

force a nd a thlete s . 

.... 
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CC!iWLUSIOHS . 

1 . 1-\. v alid corn.: 0 Jc.1Tison of the l a ctic acid 9 :;_)y:::.:'uvic a cid 

and excess l a ctc::t te d a t a from one subject or group of 

subjects with those of anothe:;.~ subj e ct oi, c r ou p of subjects 

c an only be a ch i eved if: -

a) The :;;>ercen t a::_;e s of the r:,c:1,ximur,1 oxyc-en int:.tke , 
wo:ck e d a t , ,s, :;_, e the s a111e . 

b) The blood s run:Jlinc tiI,1e s exa ctly c orr88p ond . 

2 . The accumulat i on of lactic acid , ~yruvic a cid and exc e s s 

l a cta te in blood becor,1es exc 0ss ive wl1en a wor k- stress of 

60-65~ oi' the ma ximura o:scyGen i n t a ke v alue h a s been sur::_>a ssed. 

This :i.s al so thd t stc15e in i11e t n.bolism ;::d; which a continuous 

ana e:c-ob i c ene:::.:'gy s uJyply to t he active muscles I112,kes it\ self 

a p:Ja:cen t . 

3 . The maxirnu.171 c a:p.:witi e s of the c or,1:pon ents removing blood 

lactic acic:'t and exc ess l a cta te is r euched a t a work st:r,e s s 

resulti n g in.:!: 90% of t h e maximwn oxyccn intake v a lue . 

The ca:Ja ci ty o:f the c um-::i on c~nts :cernoving blood pyi""l.1.vic acid 

on the other h a nd was found to be + 5% sooner . 

4. . The rn.0- ximum c a~)aci ty of t h e com::_) onents T'2 •. 10vinc; bl ood 

py:cuvic a cid wa s f oun cl t o c o:::;:·2 s :-Jond well with the 82 . 9% 
v alue of the ma xililum oxy ,_·•;en in t a ke c.'- t wh ich wo:;.~k could be 

sustRin2d fo :c one h ou:c only . Thuc it mi t)rt be t hat ~;y:cuvi c 

a c i d c1 ccrnuul a ti on cont:ci but c s to f a t i2,ue . 

5 . ~=xistence o:f a 11 :1:;.~ima r y rise 11 du:::.:' ing t h e fL.~st few 

minutes of exercise wa s confii-::ie C:l i n l ..:;. c t ic acid 9 pyi~vic 

a c i d c.l,nd excess l .1,cta te concenti,a tions rela tive t o time . 
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.:~t ± 85% of the ma ximum oxy;2;en i nt,1ke v alue, t his rise was 

abolished for pyruvic a cid 9 wDile foT l uctic a cid a nd excess 

l a c t a te i t only ~isa~pea red at+ 9~ . 

6 . It s 2ems tha t a me.in with a lower maximum hea i--·t r a te v alue 

wi ll be a bl e to woi,.,k at a J.ii {sher :i_)ercent.:1r;e of the mc.1.ximum 

oxygen i n t ake v glue f oi .... the s cJx:1e time inte:r-va l tha n a m..:i.n 

with a hig:1 maximum hea1 .... t 1-..a t e v alue . 

7 . The f ol lowins work- stress critel"i on was J:):C'o ::_Josed :fo1" 

i ndus try: -

'.fork str ess . 

Light 

l1oderately heavy 

Heavy 

Very heavy 

% of ma x . 02 
50 
65 
90 

1 00 

lieart l"a tes . 

+ - llO bea ts/min . 

+ 136 fl 11 

-
+ 169 it 11 

+ 177 11 11 

-
The co:i."'responcl inL, aver.:ige excess l a c t a te v alues 

we r e as fol l ows : -

Li:':ht 

: Iod e:c..i teiy heavy 

IIea vy 

VeTy he c:.-v y 

6 min . 26 min . 

0 . 420 0 . 029 
1 .128 0 . 587 

4 . 398 4 . 081 
Hot i nves tigated... 

56 mi n . 

0 . 023 
0 . 65 7 
4 .132 
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TABL:C I . 

PHYSICAL CH:1.:i.ACT:CRI3TICS . 

-------,----------.... ----- ----------- --
' I 

Gr oup 
I 

Sub ject . i Hei6hts Weighi:;s . I 1 
l 

in . I lbs . I 
Kg . cm. 

I 

1 i 88366 69 . 25 175. 9 156 70 . 9 
88609 67 . 00 170 . 2 140 63 . 6 

2 132969 67 . 50 171 . 5 138 62 . 7 
134554 62 . 00 157 . 5 131 59 . 6 

3 17620 69 . 25 175 . 9 161 73 . 2 
27111 66 . 00 167 . 6 134 60 . 9 
17442 65 . 00 165 .1 1 43 65 . 0 I 

4 62626 67 . 50 171 . 5 135 61 . 4 
61336 66 .75 169 . 5 147 66 . 8 
63576 63.50 161.3 130 59 .1 

5 108499 65 . 25 165 . 7 133 60 . 5 
10557G I 64 . 00 162 . 6 124 56 . 4 
133108 69 . 00 175 . 3 139 63 . 2 

6 102512 64 . 00 16 2. 6 118 53 . 6 
100366 66 . 75 169 . 5 139 63 .2 

986 55 65 . 75 167 . 0 138 62 . 7 
'7 117927 63 . 00 16 0 . 0 127 57 . 7 I 

114359 66 . 75 16 9 . 5 159 

~ 118613 69 . 00 175 . 3 153 69 . 6 

I -· --
A V:CRAGI:;S • I 66 .17 168 .1 139 . 2 I 63 . 3 

I i 
I 
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'l: AJJl . ~~ I I • 

-- - --~-------.-------- - ----- - - --!:.,_' --

8-roup 

1. 

2 

3 

4-

5 

6 

7 

Subj e c t s 

88366 
88609 

13 296 9 
134554 

17620 
27111 
17442 
62626 
61336 
63576 

108499 
105570 
133103 
102512 
100366 

98655 
117927 
1143 59 
118613 

A V:GHAG. ~:3 • 

?·1axi mum oxy :::,·cn 

cai}acity 1/min . 

3 . 84 
3 . 05 
3 . 0D 
2. 62 
3 . 71 
3 . 35 
3 . 16 
3 . 32 
3 . 05 
2. G9 
3 . 45 
3 . 16 
3 . 31 
2 . 72 
3 . 05 
2. 69 
2 . 66 
3 . 62 
3 . 23 

3 .16 
-------- ----- ·---

M0,xir11ru;1 o~:yt:>en i a t ake 

i n ml . per kg . 

54 .16 
47 . 80 
49.12 
43 . 96 
50 . 68 
55 . 01 
48 . 62 
5L1r • 07 
45 . 66 
L1r8 • 90 

57 . 02 
56 . 03 
52 . 37 
50 . 75 
,1r 8 . 26 
42 . 90 
46 .10 
50 . C7 
46 . 41 

49 . 89 
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TA:SLI; III . 

- - --- ------ -------------------- - - -
' j i Ia:~irrn.u,1 
I j - r 

'/v of r,1,::1.x . oxy ~en 
i Groups Sub jects I 1Lea rt :c·a te v alues : 

! _ ____ ....- ·----- . --~- _J __ -~l~--b-ea-~S~iT~i-~~- ___ :_ - -i~t-a k_e · __ __ __ ! 

I 
! 
I r 
L -

1 

2 

3 

4 

5 

6 

7 

88366 
8860Sl 

132969 
134554 

17620 
27111 
17442 
62626 
61336 
63576 

108499 
10557 ei 
1 ]31 00 

102512 
10:;366 

986 55 
117927 
114359 
118613 

17 2 . 4 
164 . 5 
186 . 2 
l G0 . '1-
182 . 1 
173 . 8 
187 . 6 
187 . 1 
163 . 7 
173 . 8 
170 . 8 
185 . 6 
178 . 9 
179 . 2 
177 ~S 
176 . 7 
183 . 3 
l GS, . 3 
l.6 5 . 6" 

176 . G 

80 . 2 . 
86 . 2 
78 . 3 
86 . 3 
80 . 9 
G8 , 4 
76 . 9 
() ') () 

Li<- . o 
89 . 5 
83 . 7 
73 . 3 
71 . 2 
87 . 9 
74. 6 
82 . 0 
87 .o 
J6 . 5 
90 .1 
90 . 7 

G2 . 9 
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·:i: A'!]-;_,_;_,, IV . 

J. . ·.n.'.·s ··.u ~ l...., .td'. .:., l ·_:,.:) 1~ D.w 1 ,:.) .. .. .Ll~ • .d. _.·i.J.L l >..) V. I.,,, c·· T-.,.-,A ·)m -.Arnn ~: r~r nnAm'.'/_' T '-J ~T V .. )··ouc-

y~:;~·Lc.2NTAct.:;s u2 T== . .:; ~ ;_; ,.~:r rnn1 u~:Y·L: .:;n IY'l'/~1c 711..::JuE . 

.-
1 

n i % 
,lI:NUT;.:;3 

I · 

'---~- i 5 I 1 0 I 15 I 30 ; 45 ! 60 

I : I I I 
6 : 4. 0 ! 1 03 . 3 1 02 . J I 1 02 . 0 I 104 . 9 1 05 . 1 1 06 . 7 

11 I 45 I 1 05 ,1 1 04 , 9 1 05 . 2 
1

108 . 5 , 1 07 . 1 110 . 0 

3 . 50 1 1 0~ .l 106 . 0 1 09 . l ! 1 08 . 2 I 1 09 . 1 I 110 . 4 
I I I 

11 j 55 I 115 . 0 11 6 . 4 117 . 2 120 . 9 ! 119 . 6 i 1 21 . 1 

6 i 60 I 1 20 . l) 1 23 . 1 1 21. 2 126 . 7 1 12~- . J ! 1 29 . 9 

1 3 1 65 l 1 25 . 0 1 2G . 1:- 130 . 0 1 35 . 5 ! 1 34 . 5 I 13 8 . c 
I I I I f 

11 ] 70 1 133 . 2 1 37 . 8 I 1 J8 .2 , l t1r5 o2 \ 1 44 . 2 I 149 . 1 
I I I I 1 5 75 I 13 9 . 3 1 42 . 6 ! 142 . 8 1 50 . 3 ! 1 49 . 8 I 1 55 . 2 

1 2 i 8 0 : 1 4 2 • 8 l :W • 3 i 1 .1- 9 . 1 j 1 5 6 • 5 l 1 5 8 • O I 16 O. 0 

1 2 I 85 I 1 49 . 6 ·, 1 56 . 2 l 1 57 . 6 j 165 . 5 ! 1 67 . 3 I 1 67 . o 
I I I I • 

7 . 9c 1 152 . 9 160 . 0 , 1 60 . s l 1 68 . o 
1

, 1 69 . 9 168 . 0 

5 95 
1 

1 55 , 3 I 1 64 . 1 ! 167 . 6 j 175 . G 176 . 6 i 176 . ~ 
: I , . . '··-------



THE AV:liHA'J};:, 6th I1I N. 0:BSERV.1'-/i:I0N:3 

1:'0R ALL TIIE 3UDJ.:,CTS AT COJfCS:i. Uu-:J IIW 

,.--1-
c.f 7,::, + 2j; of 6th 1,1in . ObsGl"Vations -

n ·che 1n:1:c . 0,, 
I L 

j i n t :ike . 1,A ""iiA 
.,...,. 
-i L '.J 

t 
6 10 0 . 178 1 . 529 0 .1 50 

11 45 o .1G3 1 . 5G4 0 . 289 
3 50 0 . 21 2 1 . 96 0 0 . 420 

10 55 O. l90 2 . 314 0 . 663 
6 60 0 . 201 1 . 783 0 . 354 

13 65 0 . 2.35 3 . 009 1 . 1 28 
11 70 0 . 253 3 . 673 1 . 736 
15 75 0 . 275 4 . 822 2 . 567 
1 2 8C 0 . 291 5 . 232 2 . 983 
1 2 85 0 . 302 6 . 46!~ 4 . 229 

7 90 0 . 32( 7 . 040 4 . 398 
6 95 + 3 0 . 363 8 . 697 5 . 992 -

---- - - - -- - •-- ·- -------·- · ---.-..- - --- -- --- ---· -- - ---- -

. 
' 

82 

l 
I 
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'l'i.BLI.:; V ( ~ ) • 

TE~ AV:::::RAG:C 26th I!IN . o:ss:i1VJ.T:J)NS 

! 
I 

i; 2~; + of 26 th min . Obsei-va.tions . -
n the max . 02 ·--- ·- --- .. ~ 

' 
i ntake . l)A LA XL 

,- -- --·- - - --- - --
: 6 40 0 . 15 0 1 . 168 0 . 062 

11 45 0 . 143 1 . 134 0 . 116 

3 50 J . 176 1 . 47 0 0 . 029 
1 0 55 0 . 164 1 . 798 0 . 379 

6 60 0 . 174 1 . 299 0 . 079 
13 65 o . 208 2 . 293 o . ~37 
11 70 0 . 22~- 2 . 604 0 . 901 

15 75 0 . 253 4 . 1 48 2 . 040 
1 2 80 0 . 271 t1r . 293 2 .176 
12 85 0 . 300 S . 150 3 . 778 

7 90 o. 33 0 6 . 687 4 . 081 
6 95 + 3 0 . 386 l U. 033 6 . '37 c; -



i 

n 

1--
I ! 
I 6 I 

I . 11 
') 
..) 

]_J I 

I 
r I 

0 I 

13 I 
Jl I 
15 I 

I 
12 

I 

12 I 

' 
7 i 

I 

6 ' 
I I 

r.-. A ,:,- · · · • V ( n ) l . .-1.J:..iLL V • 

TELS AV-C:, i"'r.AG--;:, 56th l iIN . OBS:C.clVATIOHS 

FOH AJ~L '11E:.J s u r:J~CTS Arn 
ll..L co:i:-nr:;...;:i.JurmING 

~'-• -~.1.rc.:1:rI'iiG-~S . 

I 

% 2' n 
I 56th min . Obse:i."'Va tions . o ± ,:, o::i:: I 

the max . o2 
- · -·- ... __ -- --- --

intake . ? A LA I ;:L I 

-..-l.--..-----· ------ - - ---

l. 06 3 40 0 . 1 59 I - 0 . 034 
1 ,178 45 0 . 142 0 . 1 87 

I 

58 I 0 . 147 I 1 . 308 0 . 023 
' ' 

55 0 .15 5 ; 1 . 63'1- o . 313 
I 

I 60 C.158 I 1 . 266 0 . 1 52 
I 

65 0 .1 92 
I 

2. 185 0 . 657 
' 

I I 

j : I 

70 I 0 . 2vG ; 2 . ,no 
, 

0 . 860 I 
I 

I 75 I 0 . 21~6 ! 4 01 90 2 . 203 I 

I 

80 Oo2G6 I 4 . 113 2 . 050 
I 

C5 I 0 . 297 6 . 63 7 4 . 343 I I 
' i I I 

9v I 0 . 321 6 . 724 4 . 132 
j ' 

10 . 843 I 7 . 686 95::: 3 " . 393 I 

8,;. 

, _ _ _ ___ _____ - · - - · - --- ·- - - - --- - .._ ____ 1 ---- ~- .. -- - ~ - - ----- ------
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13 3108 

-. - - - -- --,-------- ------ - -------------. 
, Work ::ca t e; :-Ie a1"t :ca te a i n :)E:;c,ts/mi n . ; Oxy,;on i n t ake in li t ees/ min . 
• I 
• I 

2500 81 0 a ~ • ::./::> 
80 o. 89 
97 0 . 93 

5000 107 1 . 56 
1 ;:1 1 . 61 
116 1 . 50 

7500 1 .1-1 2 . 26 
136 2 . 21 
138 2 . 16 

10(,00 173 3 . 00 
164 3 . 00 
170 2 . 95 

11000 181 3 .1 8 
175 3 . 18 
174 3 .1 0 

12000 1 G3 3 . 22 
178 J . 24 
174 3 . 05 

13000 178 3 .17 
176 3 . 38 
179 3 . 38 

1 1~000 1 85 3 . 1+1 
184 3 . 29 
l QO 3 . 24 

-- - - -- · - -- ·· ---- ----· - --- - -
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RATb V ALU:SS AHD TE:S o:;.•TI1'-'IU11 :i:1~~~=/.C .2NT1 c-~s or TII:8 NA::rrnn1 

o:CTG:=N I NTAIC8 AT WIIICH \/OI{K COULD IL SUSTAHmD FOH A 

MAXH 1UM :!?:CE.I OD OF 1 :IOUR ONLY. 

I NTTIO::JUCTI OH : 

91 

:Ci chteen sub ject :::: wl1os e maximum oxyg en. consumption 

and maximum h e art :.,at e s had be en e s t ima ted p:;,....,eviously , 

worked for 1 hour on the bicy cle e:;_.,g ometer . The wor k loa d 

of the er;<; omete r wa s L1c:ceased when n e cess ary i n order to 

ensure tha t ea ch sub ject wa s worki ng a t the h i ghest r a te 

that he uas a bl e to sus t a i n for the :;;ieriod . 

The avc::..,nc;·e oxy::;en c onsumption . was de t e ::cmined f or 

e a ch man and wa s expr2ss ed a s a J.J e 2..0 cen t a0,e of his ma ximum 

oxyc;en consumption •. 

It was rec~uired to i nvestisate whe ther any 
r elat i ons hip exists between t he pe rcE:m t c1go of ma ximum oxygen 

c onsuJn.:i;>tion useo. and ma ximum heart r a t e . 

ANALYSI S .Ai ill DIS CU3SI ON: 

In g:;..'"'a:;_Jh 12 the :pe:i.'"'centa ge of ma ximum c apaci ty 

It c.::m be 

seen t hat t here is a n indic a tion tha t the percenta ge of 

maximw11 c apacity decT·eases a s tl1e ma ximwn hea rt l'"'a te 

increa ses, i . e . men with l ower ma ximwn 1iea rt r a t e s a p.Lie a r 

to be a bl e to s usta in a hic h e r percenta:3:e of their mmcimwn 

oxy.:;en out:;_:mt t han men wi th h i ghe:;_., maximum h e a:ct r a t e s . 

The rel a tion s hip between t he two v ~riabl es appea r s to be 

curviline a r , a l t h ough i n view of ·che wi de s ca tter a nd the 

small number of o1)se::cva tions t h i s c ould not be esta blished 

statis tically . 
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The transf orma tion 

A = 200 - x 
y = 1 

1 00 - y 

where x and y are t l1e orig in;J.l v ar'i a bles , t r a nsformed the 

d a t a i n to a linea :c form a s s h own i n g raph. l3 . The 

cor:r·ela t ion coefficient wa s calcula t ed for the transformed 

d a t a and a correlati on of . 70 wh i ch i s significant a t the 

5% level wa s obta i ned . Thi s i nd icat e s tha t the:..~e is a 

high prob~bility t hat the~e exists an a ssociation between 

the or i gin a l v a ria bles x and y . No precise statement c an 

be ma de a oout the f ol"m of ·ch i s as socia tion . However , a n 

indication may be obta ined by fitting a stra i 6ht line to 

t he tra nsformed d a ta (by mean s of l eas t s q_ua:i."es) and 

r evertinc ba ck to the orig i n a l un i ts obtaining the cu:i..--rv-e 

s hown i n ,'.;:Caph 12 . Th e equ a t ion oi the cu :i.--rv-e is 

xy - l00x - 211 . 45y + 20635 = 0 . 

The hype:i."bolo, h as a symp to t e s at x = 21L 45 a nd y =- 1 00 . 

It s h ould be em:::_)hasized t lla t t h is curve me:i."ely 

provides an i ndica t i on of t he f orm of the functional 

r el a ti on s hip wi t h o. g i ven observ e d x (IIax H:fl) , and x . 



The c oncentr a tions of l .ac t i c a c id , pyruvic a cid 

and excess l a ctate plot t ed in graphs 1 , 2 and 3 reveal 

93 

tha t below 65'/b of the ma xir,1Uii1 oxy;Sen intake there is no 

progressive i n creas e in thes e met~bolites a s t he percentage 

of the maximum oxy.:;en i ntake i s Gl .... adually i n cJ..'"'eased . No 

s atisfa c tory explanation cc.n be offered f or this phen omenon4 

Above 65% s ome of the fi c~ res overl :..1p slightly . This 

c an be a ttr i but ed to the vel;/ small gap of 1% allowed 

between the diffeJ..'"' i::mt p c:,.'centage gi~oups . The oxyc:;en 

equivalent to 1% is smallel" than the daily v a J....,i a tion· in 

oxyesen consum:-i?tion and also much smallel'"' than. the eJ..'"':cors 

made i n est i mat ing oxy gen cons1...rnrJtions . This may hav e 

r esulted in the sl i ght overlap encountered . 




