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NOMENCLATURE 

ADP Aden.osine diphosphate 

ATP Adenosine Triphosphate 

C02 Carbon dioxide 

e electron 

FT Fast·-Twitch 

H Hydrogen atom 

H+ Hydrogen ion 

· HbG 2 Hemoglobin 

Hb02 Oxyhemoglobin 

HC03 Bicarbonate ion 

HR Heart Rate 

H2 C03 Carbonic acid 

H2 0 Water 

kcal kilo calorie 

kcal/mm - kilocalories per minute 

kg kilogram 

LA lactic acid 

M Meter 

Max V02 or V0 2 max maximal volume of oxygen consumed per minute 

during exercise. 

MET Metabloic equivalent equal to 3.5 ml of 02 consumed per kg 

and per minute. 
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t·iin. 

Hl 

mm 

p 

PC 

Pi 

ST 

t 

Minute 

milliliter 

millirneter 

sod:iurn ion 

Oxygen 

Power 

Phosphocreatine 

Inorganic phosphate 

Slow Twi. t ch 

time 

Volume of 02 consumed per minute 



CHAPTER I 

INTRODUCTION 

Through systemat:Lc investigations over the past few years, a reason .. 

ably comprehensive picture. of the operation of the energy sources in 

muscular exercise has been obtained. 

The metabolic processes that supply the energy needs of r:uJscle 

contraction ordinarily take place in the prGSl~nce of adequate 02 to 

oxidize the carbohydrate sources of ener<~Y completely to C02 and E2 0, 

'I1:15_s co~1stJ.t11tes aerobic 1nuscle activity vJhlch in generaJ is exf~r!:::Lse 

whose intensity is low enough that it can be carried on for at leas;: 

fi.ve minutes or long2~c. On the. other hA.nd, if t"ne i.ntensH:y of exerd.se 

is very high so that exhaustion ensues within ooe to two minutes, the 

energy must bi.~ supplied largely by anac>robh~ processes (without 0 2 ) 

because 0 2 cannot permeate the lungs and card:Lovnsc.ular system rapi3.ly 

enough to supply such a demand (9). 

Energy for short term rHu.imum effort ls c+tajned in various propor-

tions from aerobtc and anaerobic mctabo1ic p1·ocesse2. The amount of 

energy obtained by anaerobic processes carinot be measured dLcr~ct Jy. It 

can be <'.ipproxima ted by r"easEring the amount that the rnetabo1isrn 

increased above rest:ing values following exei.:cise (oxygen debt) [md by 

measuring the diffen;nce beti-lf.;~~n resti.ng blood J. a.::: ta te and the 1d.gh,.:f;t 

value. observed chrring or afrer exerci~3e. Oxygen d2bt and blood lactnte 

concentration provide estimates o[ different aspects the ctJ.ergy 

l 



obtained from anaerobic sources (1). 

Through the research of Hil 1, Lupton and other early leaders (1 l), 

a concept of two separatt~ stages of oxygen debt was E:stabJ.ished; an 

alactaci.d stage and a lacti.c acid stag<?.. Light to moderctte work loads 
\ 

are performed during the alactacid stage of oxygen debt, I and a steady 

state is maintained during this period. The alactacid d,~bt occurs at 

the initial phase of work wJ.th oxygen debts of up to two and one-half 

liters, whUe heart rates are. not elevated higher than 160 heats per 

minute. This stage is accompanied by increases of lactic acid in the 

muscle tissue, but not in the blood stream, and the debt is quickly 

repaid, generally within three to five minutes. During the lactic acid 

stage of oxygen debt, there is an accumulation of excess lactic acid in 

the blood stream, and this is linearly related to the amount of work 

performed. Heart rates are elevated above 180 beats per minute and the 

removal of excessive lactic acid during recovery is Much slmver, taking 

several hours. 

During severe exertion, the respiratory and circulatory adjustments 

are not adequate, and the oxygen supply to the muscle tissues is insuf-

f::icient. There will be an accumulation of lai::tic ac:Ld in the muscle, 

and oxygen debt will be developed. 

Karlson (23) stated that wh2n man started to perform dynamic work, 

chemically boun(i energy »ms tnmsformed into mechanical work by the 

muscles. 

In general, four processes all occuring within the muscle cell are 

concerned with the chemistry of muscle contraction. The first three 

reactions are. ~ 'l 'i revers1.uJ.e. Ihat is, the reactions are such that as some 

molecules of ATP are being broken riown to provide energy for muscle 



f" .. Hier contraction, other rr:olec:ules of ADP and P a re being regenerated 

(nt a cost of energy provided hy the next reaction dmv-n, CP -1' C + P). A. 

balance must obviously be struck between the rate of breakdown and the 

rate of regeneration or the muscle effort would run out of gas (9). 

The glucose molecule first undergoes glycolytic breakdown into two 

pyruvic acid molecules. The enzyme hexokinase in necessary to add a 

phosphate radical to make glucose - 6 - phosphate. This 

process causes the breakdown of one ATP to ADP + P. Each further step 

of glycolysis is also catalyzed by at least one enzyme specific to that 

step and one more ATP is broken down to add the second P to form fruc-

tose - 1, 6 phosphate (the l, 6 means that there are two phosphates in 

the molecule, one at the number 1 carbon atom and one at the number 6 

carbon atom) (9). 

Fox and .Mathews (13) reported that ergogenic aids are thought of 

only as drugs which rnay be consumed )n order to give the athlete an 

advantage. They also defined ergogenic aid as something which improved 

the performance and physical work capacity. 

Ergo genie aids affect people differently. Some research studies 

show a positive influence upon work performance and others, no effect 

whatsoever. 

Consolcizio, Nelson, Mato.ush and Isµak (6) studied the effect of 

aspartic ac.irl salt (Mg and K) on physic:il performance of men. They used 

a double blind study in which the subjects were not informed whi.ch group 

they were in or what medication they were receiving. According to their 

results, there was no significant difference in metabolic rate and RQ 

between the treatment A group and treatment B group. 



.JokyJ. (18) studied the eff(:;et dietary supplementation with 

phosphates upon physical endurance and muscJ·e soreness. He also used a· 

double blind study. A significdnt difference in favor of the phosphate 

group was found in each instance concerning the pulse rate. 

According to Fox and M2thews (13) during maximal. exercise of short 

duration, large changes occurred in the acid-base balance due primarily 

to the production of lactic acid. Maximum work (anaerobic) whJc.h pro-

duces lactic acid will cause the blood and muscle pH to go do>;rn. The 

amount of lactic acid produced ~eoends upon the duration, intensity and 

muscle mass involved. During rest a blood pH of 7.4 is nc;:·mnl, less 

then 7. 4 indicates acidosis, while a blood pH greater than 7. L, :i.ndicates 

aJkalosis. 

It was pointed out by Fox an.:: Ha thews ( 13) that during maximum work 

(anaerobic), blood and 
., 

musc1c pH decrease, while lactic acid concent-

rations increase. Both lactic acid and the pH hav~ heen implicated in 

the muscular fatigue process .. From these factc.;, Denning, Tablott, 

Edwards and Dill (8) reasoned that· increasing the body's alkali reserve 

(bufferh:.g system) c.efore any heavy muscular exer; · . .se (anaerobic) might 

significantly delay the decrease in pH, and fatJg· 2, and increase exer-

cise performance. 

I:undsgaard (26) w3s abJ.e to show teat the .iodoacet&te poisoned 

excised a:li.ma1 m:1Sch! perfonred lactic a.c1d~frc contractions at the 

sarc.e ti.me as energy-rich phosµhate com~..,ounds we.r. ,1ep1eted in the mus-

cle. 

Lundsgaard (28) demonstrated that the ene: supply for nfusclc 

contraction could be derived from energy·-rich pho .nate. cmnpounds (16). 
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The. purpose cf this study ;;,ms to t?..xamine a ccim:riercial produ,:t 

fitting Lund:sgaard 1 s desc:r:iptior: .-:if energy-~rich pho-sphate, nnd to dPter-· 

mine the effect of the use of t:h:ls product on blood lactate., maximum 

blood pressure, maximum twart rate Gnd fifteen ' I min,1tes recovery 
I 

heart rate. The commercial product used in this study \was marketed 

under the name of "St:im 0 Stam" by the Stam Aids Athletic Product, Inc., 

of Oklahoma City. One tablet of Stirn 0 Stam contain 200. 0 mg di.basic 

sodium phosphate, 186. 7 mg monobasic sodium phosphate, 27. 5 mg pctas-· 

sium, 30.0 mg vitamin C (ascorbic acid). 

Statement of the Problem 

The prGblem of this study was to determine the effect of phosphate 

on lactic acid accumulation, max V0 2 , heart rate and blood pressure 

fol lowing maximum performance. Most of the past studies have been 

inconclusive concerning the effect of phosphate on lactic aci_d accum-

ulation. 

Subproblem 

To d(~.termine if phosphates have an effect on the five, ten, and 

fifteen minute recoveries in respect to heart ra. te and blood pressure. 

Hypothesis 

The null hypothesis was employed i.n examining the following ques-

tions: 

1. There will be no significant d.iff0rence lwtween pre and post 

lactic ac:Ld ;.is a re::.mlt of pho.:»ihate feeding for · i)ho:~;:ihat1~ group. 
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2. There will be no significant difference between pre and post 

maximum V0 2 as a result ·of phosphate feeding for phosphate group. 

3. 'L11ere w:Lll be no significant difference between pre and post 

maxim.um hf~<Ht rate as a result of phosphate feeding for phosphate group. 

4. There will be no significant difference between pre and post 

lactic acid, maximum V0 2 and maximum heart rate as a result of placebo 

feeding for placebo group. 

5.~ Ther.e. v1il1 be no s.ignif.i.cant .. diffe.ren.ce. irt p_ost te.st l.actic 

acid means between phosphate and placebo group. 

6. There 1t1ill be no significant difference in post te~~t 1naxirnum 

V02 means between phosphate and placebo group. 

7. There will be significant difference in post test m:>,xim2l heart 

rate between phosphate and placebo group. 

8. 'l11ere will be no significant di.fference in post test fifteen 

minute recovery heart rate and blood pressure between phosphate and 

placebo group. 

Limitations 

1. The popvlation sample was small and co7nposed of volunteers. 

2. The author was not able to control the subjects emotional 

responses, such as nervous!-iess and apprehensior.. which might have affec-

te'l results. 

Delimination 

Subjects were volunteers from the men's track team at . Oklahor11a 

State University and all were sprinters. 



. ·.-·. 

Assumptions 

L The subjects gave m<:'.ximum effort when they performed the a.ll-

out treadmill run. 

2. The subjects were equally motivated when they performed the 

all-out treadmill run. 

Significance of th;~ Study 

Today, many athletes are given phosphate in hopes of retarding 

lactic:-acid accumulation during alJ. out exercise, It has not h.een 

sc:tentH:Lcally proven whether this method of increasing p1;;:rf~Jrm:mce :l.s 

usefuJ and appropriate. Lundsgaard (28) was able to shm·J that the iodo-

acetate poisoned muscle performed lactic acid··f:r.ee contractions at th(~ 

same time as energy-rich phosphate compounds wert' cepleted in the mus-

cle. The need for this study was to provide cur.rent data concerning the 

effect of phosphate on lactic·-ac.id accumulation. 

Definition of Terms 

Acid: A chemlca 1 · compound that gives up hydrogen ions 
+ 

(B ) in 

solution. 

A complex che:nic.aI substance which, 

when eorr1bi1ied with i.norganic phosphate (Pi), furred ATP. 

A comple:;, •::hemif".;.c'.1 cornpourrd forrned 

with the energy released fro:il food and stored in all ce11r-;. A.TPs <lre 

energy producers. 

_Ala.i;:tactd O_x]gen Debt: That portion of the recovery oxygen used to 

resynthesj_ze and restore ATP-PC in mu;:;cJe followlng exercise. 



Alkaline: Pertaining to a base. 

0 
0 

Alkali Reserve: The amount of bicarbonate (base) · availabl:e in 

the body for buffering. 

Alkalosts: Excessive base (bicarbonate-ions) in the \extracellular 

fluids. 

Anabolic: Protein building. 

Anaerob-ic: The process of ·using energy in the.:: absenc.c: of oxygen. 

Anaer0bic GlycolXE_is: . The tncomplete ehernical breakdowa of carbo~ 

hydrate. 

Anaerobic Threshold: That intensity of work load or oxygen consurnp-

tion in which anaerobic metabolism is accelerated. 

Aerobic: The process of using energy in the presence of oxygen. 

ATP - PC ~ste~: An anaerobic energy system in which ATP is Manu-· 

factured when phosphate creat1ne (PC) is broken down. This system 

represents the most rapidly available source of ATP for use by muscle. 

Activities performed at maximum intensity in a period of 10 seconds or 

less derive energy (ATP) from this system. 

Bicarbonate Ion (HC03 -): A by-product of the dissociation (ioniz-

ing) of carbonic acid. 

Biopsv: The removal and examination of tissue from the living 

body. 

Blood Pressure: The driving force that moves blood through the 

circulatory system. Systolic pressure is obi.:ained when blood is ejected 

into the arteries; diastolic pressure is obtained when the blood drains 

from the arteries. 

Ca~:_Q_utput J.Ql.: The amount of blood pumped by the heart in one 

minute; the product of stroke volume and the heart heat. 
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Cardiore_spirii_torx Enduranc;;.~_: The abi 1.ity of the lungs and heart to 

take j_n and transport adeqiwte arnounts of oxygen to the working muscles. 

Doul~_i_Stu~z: An experimental protocol in which neither the 

investigators nor the subjects know which group is receiving a plac1::bo 

and which group the real drug. 

Energ_y: The capacity or ability to perform work. 

A protein compound that speeds up chemica 1 react ion • 

.£~..E.~f~~ic Aid: Any factor that j_mproves work performance. 

Erg_'.~_ti-or: An apparatus or de~,,rice, such as a treadmill or station-

ary bicycle; used for measuring the physiological effects of exercise. 

A muscle fiber characterized by fast 

contraction ti.me, high anaerobic capacity, and low aerohic capacity, all 

making the fiber suited for high power output activities. 

F~tigu::?:_: A state of discomf 01'.'t and decreased efficiency resulting 

from prolonged or excessive exertion. 

GJ.ucagen.: A hormone secreted by the pancreas and that causes 

increased blood glucose levels. 

Glucose: A sugar. 

Glycogen: A polymer of glucose; the form in which glucose (sugar) 

is stored in the body. 

An exercise-diet procedure 

that elevates muscle glycogen stores to concentrations 2 to 3 times 

., no i'.1n:,:t ~. 

Glyc_~gens:ilt:~: The breakdown of glycogen to glucose. 

The incomplete chemicaJ. breakdown of glycogen. In 

~etubic glycolysis, the end product is pyruvic acid; in anaerobic gly-

colysis (lactic acid system), the end product is lactic acid. 



.Hem'.23]obin (!J.l?_l: A comi:lex molecule found .in red blood cells, which 

contain··· icon and protein and is capable of combining with oxygen, 

A specific kind of cholosteral 

found in the blood, thought to. be protective against coronary heart 

disease. 

B.YP.oxia: Lack of adequate oxygen due to a reduced oxygen partial 

pressure. 

Ion: .A ... vi ele.ctrically charged particle. 

by the muscle while shortening at constant speed is maximal over the 

full range of motion. 

Isometric (Static) Contraction: Contraction in which tension is 

developed, but there is no change in the length of the muscle. 

Isotonic Contraction: Contraction in which the muscle shortens 

with varying tension while lifting a constant load. Also referred to as 

a dynamic or concentric contraction. 

Jogging: Slow, continuous running. 

Kilogram-M~ters (kgm): A unit of work. 

Krebs Cycle: A series of chemical reactions occuring in mito-

chondria, in which carbon dioxide is produced and hydrogen ions and 

electrons are removed from carbon atoms (Oxidation). Also referred to 

as the tricarboxylie acid cycle (TCA), or citric acid cycle. 

Lactac~d Oxyg!"_n Debt: The portion of the recovery oxygen used to 

remove accumulated lactic acid from the blood following exercise. 

Lactic Acid (Lactate): A waste product of metabolism resulting 

from the :i_ncomplete breakdown of gh1coE,e (sugar). 



~-· .. · 11 

f'h"1 anaerobic energy system in which ATP is 

manuf0c.tured when glucose (sugar) is broken down to lactic acid. 

A specific kind of cholesteral 

found in the blood~ thought to cause atherosclerosis. 

The maximal rate at which 

oxygen can be consumed per minute. 

A system of biochemical reactions which cause 

th•.:; .formation of waste products (metabolites) and the manufacture of 

ATP; for example, the ATPPC, lactic acid, and oxygen system. 

Mole: The grammolecular weight or gram formula weight of a su"b-

stance. 

Muscular Endurance: The ability of a muscle or muse le group to 

perform· repeated contraction against a light load for an extended period 

of time. 

Myoglobin: An oxygen-·binding pigment similar to hemoglobin that 

gives thc-e red muscle fiber its color. It acts as an oxygen store and 

aids in the diffusion of oxygen. 

The amount of oxygen, above resting values, 

:required to perform a given amount of work. 

O~en Debt: The a.mount of oxygen taken up in excess of the rest· .. 

1ng value:during recovery period. 

~gen Defi_sl_!_: The time period during exercisr:! in whi.ch the level 

or oxygen consumption :Ls below that necessary to supply a11 the ATP 

required for the exE~rc:ise; the time period during wh:Lch an oxygen debt 

is contract~d. 

fn aerobic energy system in which ATP is manu-

factured when food (principally sugar and fat) is broken do~n. 
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pJ-!,: The power of the hydrogen io·n; the negative logarithm of: the 

hydrogen ion concentration. 

Phosphogen: _..,. __ ,..'-,o_ A group of compounds; collectively refe<::s to ATP and 

PC. 

PhosEhocn:atine (PC): A chemical compound stored in muscle, which 

when broken down aids in manufacturing ATP. 

Placebo: An inert substance having the identLc:ll physic,<il charac-

teristics of a real drug. 

Plasma: The liquid portion of the blood. 

Power: Performance of work expressed per unit of time. 

Pro_~ein: - -A compound containing amino acids. C'me of the basic food 

stuffs. 

Kz..-i:-.~vic Acid (Pyruva te)_: 111e end product of aerobic g1ycolysts. 

by -i 
SJ.0\'7 

contraction time, low anaerobic capacity, and high aerobic capaci.ty. 

~en~: The force that muscle or muscle group can exert against 

a resistance in one max:tma} effort. 

Vitamin: An organic material in the presenc<~ of which important 

chemical (metabolic) reactions occur. 

Work: Application of a force thro11gh 8. distanee. For e~Lample, 

application of one pound through one foGt equals ::me footpound vork. 

Description of Instruments 
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belts wh :Leh can be adjusted to nm at varying - speeds and can be adjusted 

to varying j_ncl:Lnes (model 2407 2, Seattle, Washington). 

Electrode: Two disc-shaped devices attached to the skin surface on 

either side- of the heart. These elect rodes trans duce the electrical 

impulses of the heart into electrical signals. 

A battery powered device which sends 

electrical signals from the electrodes by telemetry to a biotelemetry 

rece.iver (model FM 11GO-E2; NARCO Instrument Co., Inc., Houston, !J'exas). 

~Telenu?.trv: A method by which a signal can be sent by rad:i.o waves 

from a battery powered transmitter to a receiver. 

Bio_~elemetry Receiver: An instrument which receives electrical 

signals from the biotelernetry tran::>mitter by telemetcy and sends them to 

the physiograph machine (model FM 1100-7, NARCO Instrument Co., Inc., 

Houston, Texas). 

A multi channel instrument which re-

ccrds and monitors electrical signals from the biotelemet·cy receiver 

(type PMR-4Z, six channels; NARCO Instrument Co., Inc., Houston, Texas). 

JP.hvgmornanometc~r_: A devic.:e used to indirectly monitor blood pres­

sure (Triinline by PyMatt Corporation, Sommerville; New Jersey). 

Ste!:..bs:.scop~: An instrument used to manually monitor heart sounds. 

(Exercise :,~odel, Quinton Instrument, Seattle, Washington.) 

Coll~1s Tissot Tank: An instrument used to measure large volumes -

of gas. (Cha:i.n-comp-ensated Gasometer, 120 liter capacity, Collins, 

Inc., Boston, Braintree, Massachusetts.) 

Beckman O~~nal~_£; An instrument used to measure the content 

of oxygen in atmospheric air, or expired air from a subject. 

An instrument used to measure oxygen and 

carbon dioxide content of a gas sample. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

Scheele (40) described the isolation of lactic acid from sour milk. 

It wae soon ,~vident that lactic acid could be isolated from other md ter-

ial, Berzelius (5) demonstrated.the presence of lactic acid in skeletal 

muscle. It was not until about 100 years later that definite evidence 

of the relationship between muscle activity and production of lactic 

acid in the muscle could be provided (Fletcher and Hopkins, 12). Meyer-

hzf and Hill (33) first demonstrated lactic acid production as a final 

product Jn glycolysis. Until the 1930' s, when Lundsgard (27 and 28) and 

Lohman (25) demonslrated the significance of creating phosphates and· 

adenosine tdphosphate, respectively~ as a source of energy in muscle 

contrar:tion, lactic acid formation was assumed to be necessary in con-

junction with the conversion of the chemically bound energy to mechan-

ical energy in muscle contraction. 

In the nonnal r:esting individual, the supply of o2 to the tissues 

is sufficient; therefore, a complete breakdown of glycogen occurs, which 

results in the formation of co2 and H2o without accumulation of any 

lactic-acid. Whenever the supply of 0 0 is not sufficient to meet de-
"'· 

mands, an individual is sald to contract an oxygen debt. 

02 debt is used to describe the post-exercise elevation of vo2 

above the pre-exercise level. The possible causes and the magnitude of 

o2 debt have been extensively examined followi.ng both s:Jbmaximal and 

14 
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maximal exercise. O') debt and blood lactate concentration provi.de 
L. 

estimates of different aspects of the energy obta:lned from anaerobic 

Undr~r overload conditions (work load greater than aerobic 

capa~:lty) :Lt had been established that for every liter of o~ debt, the 
"· 

lactL~ acid level increased by seven grams. However, the cles~·;ic work 

of Margari.a, Edwards, and Dill (31) has shown that for the first 2. 5 

liters of o2 debt no increase in lactic acid accumulation occurred. 

Through the research of Hill, Margaria, and other early leaders 

(1923) t a concept of two separate f:>tages of oxygen debt was established; 

an alactacid stage and lactic acid stage. 

1. Alactacid; Light to moderate work loads are performEd during 

thi.s stage of oxygen debt, and steady state is maintained during this 

period. The alactacid debt occurs at the initial phase of work with 

oxygen debts of up to two and one-half liters, while heart rates are not 

elevated higher than 160 beats per minute. This stage is accompanied by 

increases of lactic acid in the muscle tissue, but not in the blood 

stream, and the debt is q~ickly repaid, generally within three to flve 

minutes. 

2. Lactic ad.cl: During the lactic acid stage of oxygen debt, 

there is an accumulation of excessive lactic acid in the blood stream, 

and this is linearly related to the amount of work performed. Heart 

rates are elevated to above 180 beats pe.r minute, and the removal of 

excess lactic acid during recovery is much slower, taking from 30 min-

utes to several hours. 

In the work by Orskov (34), the conditions necessary for lactic 

acid formation in the working muscle were studied, considering both 

local blood supply, exercise and carbohydrate-rich diet. The author 
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showed-that certain amounts of lactate (2-3 mmoles x 
~ -1 
Kg wc:ight) were 

present· in the musclecs of the resting animal, supposedly well supplied-

with oxygen. The concentrations rose strikingly during exercise, and 

'"'O •3.0 1 k -l . 1 1 . d . t' values about L - _ ITu-no es x g net weig lt were o )ta}ne in -,,e group 

of working muscl.e of :Lntact animals (19). 

The mechanicaJ and thermal energy released during muscle contrac-

tion is, in the last analysis~ derived from oxidation and from carbo-

hydrate oxidation in particular. Neverthelet-;s, an isolated muscle is 

capable of performing e::r considerable amount of work even in the absence 

of oxygen. Thus the fundamental chemical process involved in muscle 

contraction is not an oxidative, but rather· an anaerobic, exothermic 

one. The exothermic transformation of glycogen into lactic a-:::id was the 

first to be recognized as a process of this type (26). 

When exercise is raised tc a strenuous level at which energy can no 

longer be provided in sufficient quantity through oxidation (bec,c1use of 

the limit on the rate of delivery of oxygenated blood to the tissues), 

the muscles begin to supplement the energy supply by means of giyco-

lysis. When glycogen is resynthesized from lactic acid, the process 

seems to be quite slow, taking about fifteen minutes to reach half its 

maximum rateo Therefore, since the resynthesis is so slow, it can be 

virtually disregarded, and the concentration of lactic acid in the blood 

can be taken as a good indicator of the energy contribution of glyco-

lysis beyond that which is supplied by oxidation (14). 

Experiments have .proven these premises to be true. Measurements of 

lactic acid concentrations in the blood, after strenuous exercise on a 

treadmill, indicated that t'he amount of glycolysis for a given work load 

increased linearly with t~oe. T"nese measurements conf i rrned that in 
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steady exercise the body meets the energy need~ exclusively by means of 

oxidation up to a certain level of energy requirement, and they showed· 

that ordiiJar:i.ly the maximum provided by oxidation is about 220 calories 

·per minute per kilogram of- body weight. The production qf lactic acid: 
I 

I 
usually began when the energy requirement passed that level after de-

crease in phosphogan stores. Furthermore, the amount of lactic acid 

produced· in relation to the energy needs indicated that the· energy yield 

from glycolysis is about 230 calories per gram of lactic acid produced 

(22). 

The evidence thus suggests that the disposition of lactate gener-

ated by exercise is one limit of physical fitness. This hypothesis has 

three corollaries, which were investigated by Jc-f.ann and Garn:t t (30). 

J.. The rate of removal of lactate from blood can be augmented by 

physical training. 

2. The capacity to remove lactate from blood can be augmented by 

feeding either L-(+)-lactate or a carbohydrate diet. 

3. The level of physical fitness is correlated with the rate of 

lactate clearance from the blood, and both fitness and lactate clearance 

will be augmented by training or by diets that induce the enzymes neces-

sary for lactate clearance through gluconeogenesis. The evidence sup-

ported the hypothesis and implied that· dietary measures· tnay be used to 

augment physical fitness (30). 

Diamant, Karlson, and Saltin (10) have shown that the lactic con-

centration in human skeletal muse.le was higher than in the blood inuned-

iately after exercise of maximal intensity of approximately three min:...' 

utes duration. HowE:ver, shortly· after the cessation· of work, at the 

time when the peak blood lactate value was reached, the muscle and blood 



l R (, 

lactate vall1es wert:: approximately the same ( l O). 

Karlson (23) demonstrated that with an increasing_ work load, phos· 

phagen stores in the muscle display. certain depletion before lactate 

-starts .to i.ncrease beyond values at rest. -The existence of_ lactate 

accumulation in the working muscle, despite incomplete phosphagen deple-

tion, suggests that there was energy yield from anaerobic glycolysis at 

the same time as there was phosphagen depletion. Anaerobic energy yield 

and the process by- which it is prod.need may be summarized as follows: 

(l) by phosphagen · depletion with low work intensity (less than 50% of 

max. oxygen uptake), (2) partly by phosphagen depletion and partly by 

anaerobic glycolysis with moderate work loads (greater than 50% but less 

than. 90% of max. oxygen uptake), and (3) by maximal phosphagen depletion 

and anaerobic glycolysis, resulting in very high muscle lactate concen-

tr.ations with heavy and exhaustive work loads (greater than 90% of max. 

o2 uptake) (19). 

Karlson and Sal tin (22), ·studied lactate, ATP and CP in working 

muscles during exhaustive exercise in man. The dynamic of lactate 

accumulation in working muscle was studied in three subjects performing 

maximal bicycle exercise of 2, 6, and 16 rnin. duration. Biopsy speci-

mens from the quadriceps femoris were obtained immediately after the 

work was terminated for determination of ATP, CP glycogen, G-6-P, and 

lactate. Blood lac.tate was also - determined. The breakdown of the 

phosphagen (ATP and CF) was already maximal after 2 min. of work in all 

experiments and averaged 2. 7 and 3. 6 mmole kg -l wet muscle, respec-

tively. The accumulation of lactate in the muscle and in the blood 

increased continuously unti.l exhaustion and averaged in the muscle 

tissue both at the highest and medium loads 16.1 but was only 12.0 mmole 



1 n . _, 

-1 
kg wet muscle at the lmvest load. It was concluded that low ATP and 

CP stores in these experiments was not the reason for muscular fatigue. 

Further, if the muscle tissue lactate concentration was the reason for 

exhaustion on the two heaviest work loads, another factor must be pre~· 

sent to explain the exhaustion in the 16 min. experiment (22). 

Essen and Haggmark (11) studied the lactate concentration in Type I 

and II muscle fibers during muscular contraction in man. Hve healthy 

subjects pa.rticipated in their study. Three subjects perfo~:med maximal 

bicycle exercise. Biopsies were taken from each subject at two dif-

ferent situations in separate experiraents. Samples were obtained at 

rest and after 10, 20, and 40 seconds after the start of the exercise 

and at exhaustion (3-4 min). One subject performed work of maximal 

intensity with a pressure cuff placed around one leg (300 mmHg). Muscle 

samples were obtained from both legs at exhaustion (80s). Two subjects 

performed isometric contraction at 50% of MVC. Biopsies were taken in 

separate experiments after 20s and at exhaustion (1 min) subject one and 

five is the same person. The muscle biopsies were taken from vastus 

lateralis and frozen in liquid nitrogen within 2 4 sec. 

No significant difference was seen in lactate concentration between 

the two extraction procedures. After 20 sec. of isometric contraction, 

lactate concentration in both fiber types was similar but at exhaustion 

Type II fibers had 10 mmol/kg wet weight higher lactate: concentration 

than Type I fibers in both subjects. The fact that Type II fibers have 

a greater capacity for glycolysis may be related to this f:i.nding (11). 

Robinson and Harmon (38) studied the lactic acid mechanism and 

certain properties of the blood in relation to training. Their study 

was designed to determine the effects of training upon the lactic acid 
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mechanism :Ln work an<l its relation to certain properties and consclt-· 

uents of tbe blood, The alka1it1e reserve has received particular attcn-

tion because of the above mentioned variance in results. As subjects, 

nine nonathletic college students, age l.S ·to 62, were chosen from 40 

applicants who went through preliminary testing on the t~~eadmill. To 

insure cooperation they were paid for their time. The training was 

cuntinued for a period of 6 months and consisted of a careful:t.y super­

vised running program with four workouts on the track each week. 

Observations in the laboratory were rna<le on the men before training 

started and at regular intervals during the training period. The work 

tests in the laboratory were performed on a motor driven treadmill and 

consisted of: (l) a standard 15 minute walk at 5.6 km per hour on an 

8. 6 per cent grade with finger blood being drawn for lactate and sugar 

after 10 minutes of walking when the subjects had attained a steady 

state (2) a 10 minute run on the level at a moderate pace which was 12.9 

km an honr for seven of the men and 14 km for the two best runners; 

blood for analysis was drawn from an arm vein five minutes after the end 

of the run, and (3) a run severe enough to exhaust the men in three to 

five minutes. 

The results were as follows: 

1. Strenuous athletic traiuing for s:i.x months did not affect the 

basal H6o2 capacity, plasma protein., blood lactic acid, blood sugar, 

alkaline reserve or alveolar co2 tension in nine inen. 

2. The ability of the men to accumulate lactic acid during anaer­

obic work increased with training. 

3. During grade walking blood sugar and lactic acid declined 

slightly with training. 
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4. In submax:Lmal running the blood lactate and sugar ded .. ined 

significantly with trr·d.ning (38). 

Jorfeldt, Dennfelt and Karlson (21.) studied lactate release in 

relation to tissue lactate in human skeletal muscle during. exercJse i.n .. 

four heal thy volunteers. Huse le lactate con cent ration and the release:; 

of lactate frcm the leg were determined at rest and at 4 and 12 minutes 

of bicycle exercise at four intensities. The muse le biopsies were 

obtained hy nee.dle biopsy technique from the vastus lateralis muscle. 

Both leg blood flow and leg oxygen consumption increased linearly with 

work J.ntensity. The release of lactate rose approximately linearly with 

the muscle lactate concentration up to about 4 - 5 mmol/min, but then 

the relationship revealed a clear leveling off. 

Poortmans, Delescaille-Vanden, and Leclercq (37) studied lactate 

uptake by the inactive forearm during progressive leg exercise. Eleven 

male subjects wen~ studied during graded leg exercises from 60 to 270 

watts. Arterial and v.enous lactate concentrations were measured from 

the resting forearm during the exercise and recovery periods. Lactate 

concentration rose regularly during the work and declined slowly to 

basal levels after the exercise. The arteriovenous difference rapidly 

became positive during the exercJse, indicating a net uptake of lactate 

by the nonexercising muscles. · Tbe uptake of lactate by the muscle 

correlated. directly with the arterial concentration. After the fifth 

minute of recovery, there was no longer any significant difference 

between arterial and venous lact11te concentrations. Their conclusions 

were: (1) nonexercising muscles play a small role in the removal of 

lactate d11ring exercise, and (2) significant removal of lactate from the 

blood by nunexercising muscles stops soon after the cessation of exer-

cise. 



Harmansen (16) stmUed the production and removal of lactate during 

exercise in man. Blood lactate concentration was measured in four 

female and three male well·-trained subjects before and during 30 minutes 

of continuous treadmill running· at -four different speeds, demandJng 

about 30, 60, 70, and 80 percent of the individuals maximal oxygen 

uptake (V0 2 max). The same subjects also pe.rfonned in another series of 

experiments where maximal intermittent exercise preceded 30 minutes of 

running at the sar.1-e four speeds, or- resting in a cha.Lt·, During eontinu-. 

ous running, starting from resting conditions, the blood LA increased 

only slightly up to a criti.cal level (60-80%) of Max. VO'). From then 
L 

on, a pronounced lactate production may occur. The lactate removal rate 

was higher during exercise than during rest, and increased with increas-

ing work load up to the same critical level (60-80% of vo2 max), beyond 

which a reduction was observed. The highest removal rate was 8 mg 

lactate/lOOm/x min at 63% of vo2 max (average values). These results 

indicate that human skeletal muscle possesses a pronounced capacity to 

oxtdize lactate. Therefore, a production of lactate is possible even 

with no increase in the blood LA. These results also indicate that 

skeletal muscle, rather than the liver, rr:.ay be regarded as the main site 

for lactate removal during exercise. 

Belcastro and Bonen (4) studied lactic acid removal rates during 

controlled and uncontrolled r~covery exercise. Seven male physical 

education students participated in this study. All exercise sessions 

were performed on a bicycle ergometer and prior to the investigation 

each subject completed two load-incremented (180 kpm/2 min) maximal 

oxygen uptake tests. After a standardized 6 minute b1cylce ergometer 

exercise (89% max. VO ) 
2 

lactj_c acid removal rates were compared during 
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recovery at rest and exercise at 29.7, 45"3, 61.8, and 80.8% vo2 max., 

and ·twice while the subjects regulated ·their own recovery exerc.i.se. 

Blood samples were taken afte.r the standardized exercise and every five 

minutes during the 30 minute recovery periods. During the controlled 

recovery periods lactic acid r~moval rates were dependent on the inten­

sity of the recovery. Optimal removal was predicted to occur at 32% vo2 

max. Removal rates during the self-regulated recoveries were not dif-

ferent (P ( O. 05), .but these ren1oval rates were faster than during recov­

ery at rest and exen::ise at 61.8 and 80.8% vo2 max. (P((l.01). Removal 

rates during the self-regulated recovery and recovery at 29.7 and 45.3% 

vo2 max. were not different (P ( 0.05). The subjects were therefore able 

to remove lactic acid effectively when selecting their ovm recovery 

exercise. 

Stamford, Moffatt, Weltman, Maldonando, and Curtis (41) studied 

blood lactate d:i.sapp,2arance after supramaximal one-legged exercise. The 

authors of this study used ten male subjects and performed supramaximal 

one minute cycling exercise with the right leg followed irnmedia tely by 

six separate 24 minute . recovery tn:atments. Three one-legged recovery 

tre0.trnents were performed at 50 Watt, and represented approximately Lf0% 

of one-legged maximal oxygen consumption (Vo2 max). The three recovery 

treatments involved pedaling with the right leg (RL), pedaling with the 

r:lght leg wh:Lle the subjects breathe(! 100% oxygen, and pedaling with the 

left leg (LL). A two legged (2L) i·ecovery was also pe.rformed at 50 Watt 

and represented approximately 30% of two legged vo2 max. A right-legged 

recovery at 25 Watts (30% of one legged vo2 max.) and a resting control 

(C) recovery were also performed, Each recovery treatment was performed 

separately. Treatments were .ranked as follows with respect to degree of 
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lactate disappearance duriug the 24 minute recovery period: 21~ RI.25, 

''Ln h '" 2.' C, LL, and RL. Treatment 2L did not - differ significantly froin 

RL25. Treatment 2L and RL25 differed significantly (P 0.05) from 

control ( C) ~ LL, an.d 'RL. · There was no significaet--difference from-anv 
-· . \ .I 

. I 

other treatment. Lactate 
! 

disappearance was inversely related to the 

degree of base-line blood lactate accumulation and closely related to 

percentage of vo2 max. imposed during recovery. One hundred percent 

oxygen breathing and exercising fatigued versus nonfatigued muscles we.re 

not influential factors during recovery. 

Prampero, Peeters, and Hargaria (36) studied alactic o2 debt and 

lactic acid production after exhausting exercise in man. Their experi-

· f d f" h 'th b. ~ (aa,!'• 22-~1 d men ts were per orme on . ive ea1 y sn J ec LS u~ _, years an 

weight 65-80 kg). The exercise consisted of running on a treadmill at a 

speed of 18km/hr, and inclines of IO, 15, and 20% leading to exhaustion 

in about 50, 25, 15 seconds respectively. The kinetics of 0 uptake was 
2 

measured on a breath-by-breath basis during and after short bursts of 

exhausting exercise. The increase of blood lactic acid concentration as 

a result of the exE::rcise was also measured. The net alactic o2 debt 

measured at the end of the exercise amounted to 32 ml/kg, instead of 

16-20 ml/kg as previously observed after maximal aerobic exercise. This 

corresponds to about 26 mmoles phosphagen. (ATP + CP) split per kg of 

active muscle~ a value of the same order as the total phosphagen content 

of the resting muscle. After short strenuous exercise part of the split 

phosphagen is resynthesized by delayed lactic acid production, thus 

shifting a fraction of th2 o2 debt from the alactic to the lacticid 

mechanism. Delayed lactic acid production does not take place if ex-

haustlon is n~ached in a time long enough, 50 seconds or more, to lead 



to fu11 exploi tat-ion of the lact<C'.cid e;·:ergy source in the muscles, in 

this case phosphage"f1 resynthesls is entirely dependent on oxidation. 

Phosphate Studies 

Pederson (35), investigated the source of phosphate for the glycol-

ytic intermediates in muscular contraction. The two sources of phos~ 

phate described are orthophosphate for the initial phosphorolysis of 

glycogen, and ATP (adenosine triphosphate) for conve:r.s1on of F-·6-'1' 

(fructose - :) - phosphate) to FDP (fructose di.phosphate). Experiments 

employing tracer phosphate were performed on cat gastrocnemiums muscle. 

ATP, FDP and other phosphate compounO.s of interest were isolated both in 

resting and contracted muscles om~ to two hours after injecti.on of 

tracer phosphate:. The basic requirement for the experiments to give 

vali<l results \¥as found to be satisfied. This was a differential incor-

poration of the isotope into F'DP and ATP in the resting muscle. iin 

equilibration of the isotope between earbon-1 of FDP and the terminal P 

of ATP would, t11erefore, have. been expected with a sufficiently long 

contraction, :Lf ATP were the source of phosphate. The results obtained, 

however~ showed no eqeilibratlon of the isotope between carbon-I of FDP 

and the terminal P of ATP, suggesting that ATP does not serve as a 

source of phosphate for the glycolytic intermediates during muscular 

contraction. Moreover, the data suggested that intracellular phosphate 

is the most probable source of phosphate. An unanticipated result 

indicated that G-6~P formation in the resting mt1scle occurred by rc~ac­

tJon with plasma phosphate rather than with ATP. 

Mackler, Olsmsted and Simpson (29), studied the hydrolysis of 

phosphocrea ttne and lactic acid production in frog 1 s rrn.is1::le. Their 
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hypothesis was "if the hyc.rolysis of pbospr;ocreat\.r,(? is a mechanism fol· 

the neu~ralization of lactic acid should not th2re be a direct relation 

beti,,ieen the amount of ·phosphocreatin0 hydrolyzed · and i:.he amount of 

lactic acid produced." To test tJ:igir hypqthesis _they ;.performed the 

\ 
following experiment. Large frogs weighing 300 to 500 grais were quick-

ly kill~d by cutting off their heads, their spinal cords were destroyed, 

and the ~1ciati.t.'. nerves cut so that the gastrocnemii should be in as 

nearly ac. state of rest as possi.b1e. One-third of each excised muscle 

was split off with sharp scissors. quickly thrown into liquid air, and 

ground to a powder. One-half of this powder was treated with ice cold 8 

percent trichloracetic acid and kept at 0 degrees to obtain a protein 

free filtrate for estimation of phosphocreatine, the other half was used 

for estimation of lactic acid by the Friedman, Cotonio, Shaffer method. 

The.se resnl ts showed: (1) that production of lactic acid from a 

cut surface of frog muscle causes little or bi some cases no decrease in 

labile phosphorus, and (2) although labile phosphorus disappears during 

muscular contraction the amount hydrolyzed by no means keeps pace with 

the lactic acid produced. There appears, therefore, to be no direc.t 

quantitive relation between hydrolysif> of phosphocreatine and product:ion 

of lactic acid (28). 

Karlson (23) studied lactate and phosphagen concentration in work-

ing muscle uf man. Re used 49 subjects for his study. Fifteen of these 

subjects were studied immediately after induction into military service, 

only a few subjects vere nationally prominent competitors i:t endurance 

events. The physical work of the exerctse test was performed on bicycle 

ergometer. Oxyg<'~n uptake was dete::-inined with the Open Circuit method. 

The individual max,, \7() •.r·~s "\ .. 2 .. a predicted according to the leveling off 
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criterion. Blood lactate concent1·ation was determined using an enzym 0
-

a tic method on 0.1 ~ O. 2 ml of arteri2l fingertip blood taken from a 

prewanned hand. 'lbe LDH activity of biopsy specimens of man was rie:ter-

mined from tissue homogenates .. It was demonstrated that phosph:;gc:!n 

concentration and the accumulation of l8ctate were the same at iden-

tical, relative, submaximal work loads even if great differences in 

absolute load existed. With test loads greater than 90-100% of individ-

ual maximal oxygen uptake, phosphagen store seemed to be max:imall.y 

reduced as early as 2-3 minutes after the start of exercise, there being 

no further decrease over the next 10-15 minutes. The higl1est muscle 

la.ctate concentrations were observed at exhaustion. It was demonstrated 

that the observed increase in blood pyruvate concentration with exercise 

did not reflect a corresponding increase in muscle pyruva te con.cen-

tration. Phosphagen depletion as well as muscle lactate concentration 

were closely related to the calculated o2 deficit. An estimate of the 

total breakdown of ATP and CP and the amount of ATP rcsynthesis by the 

glycolysis corresponding to the .lactate content in muscle and blood 

agrees in magnitude with the o2 deficit expressed in ATP E;quivalents. 

With standardized work loads performed after a prolonged heavy exercise 

period, blood lactate concentrations were lower than in a control study 

after prolonged rest. On the other hand, muscle lactate concentrations 

were unchang.ed. The most plausible explanation for these findings is 

that the preceding prolonged heavy exercise induced on increased utili-

zation of blood-bone lactate. The lm;rered blood lactate concentrations 

might enhance lactate flux from the working muscle to the blood (23). 

Harris, Sah1in and Hul trnan (15), studied phosphagen and lactate 

contents of the quadriceps femoris mu:::c}e of man after exercise. Huscle 
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biopsies were taken from the quadriceps femoris of man immediately after 

termination of dynamic and isometric exercise. These were analyzed for 

Adenosine triphosphate (ATP), adenosine 5' - diphospha te (ADP), Adeno­

sine 5" - Phosphate (Ai'1P), phosphorylcreatine (CP), Creatine, Pyruvate, 

and Lactate. Regardless of type, intensity, and duration of the preced­

ing exercise, a general pattern of the relation between high-energy 

phosphates and lactate content could be observed. PC showed a non­

linear relationship to the muscle lactate content. The ratio of ATP to 

ADP appeared to decrease linearly when lactate content increased. The 

relationships are believed to be the consequence of a steady-state 

condition where muscle pH is one of the major determining factors. 

Bacchus, Gamble, Raddy and Scott (2) studied the "Role of Inorganic 

Phosphate in Active Hyperemia in Skeletal Muscle". For their experiment 

they used mongrel dogs of either sex weighing 18-20 kg as subjects. Tne 

subjects were anesthetized with sodium pentobarbital (30 mg/kg), and 

artificially ventilated with room air by a positive pressure respirator. 

Supplemental doses of anesthetic were given as required throughout the 

experiment. The animals were hydrated by infusions of isotonic sodium 

chloride solution (50 ml/kg) at the beginning of the surgical procedure. 

In order to assess the vasoactivity of exogenous inorganic phosphate, an 

aqueous solution of sodium monobasic phosphate buffered with sodium 

bicarbonate at pH 6. 9 was infused intra-arterially into the hindlimb 

preparation described above. Infusions were made over a 30 mm. period 

with step changes in rate so as to increase the venous blood final 

concentration of Pi (inorganic phosphate) up to 12 times normal. A 

sodium chloride solution was infused in the same manner to serve as a 

control. One lymph sample was collected during the sodium chloride 
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infusion, and another during the phosphate infusion. V<-.:0ous blood 

samples were obtained at the: beginning and at 10 mtnute intervc:ls in 

each infusion period. Arterial inflow and artE:riaJ. pe.rfusion pressun~ 

were C(Jntinacmsly monitored. Lymph and venous plasma wen: analyzed fGL" 

inorganic pho~phate. Also determination of pH, hemotocrit r:md osmol-

c]ity were done on all venous blood samples. All data wen' analyzed 

w:tth the students !:-·test modified for pair~d observa.tionn. The. results 

· showed that there was no increase in venous plasma Pi wi ;·h musc12 ccn"- · 

trection, only a small 1ncrea.se in lymph Pi, and that the phosphate ion 

is very vasolonactive. They concluded that the inorganic phosphate ion 

may pJ.ay only a minor rol.e, if· any, in active hyperemia in st;.eletal 

muscle. 

Fatigue Studies 

There i.s such a thing as physical fatigue. It is true that psy~ 

chological factors wi.11 affect one's response to physical effort and 

make it difficult to determine if a person is "mechanically tired" or 

if he is likely to complain of sensations of fatigue. A distasteful 

physical task leads to early fatigue. Simple muscular fatigue from 

physical effort is a direct result of using up the glycogen (compacted 

glucose molecules) in the muscles available for energy. This causes a 

buildup of lac.tJ.c acid (usual ~-Y from inadequate delivery of oxygen by 

circulation) and a general depletion of energy compounds in the ·1 musc"'e, 

combined with an accumulation of metabolic products. The nmscle may 

even be damaged as a result of overwork and cause a release of enzymes 

that can be measured in the blood. Severe overwork of the muscle fj_bers 

may lead to swelling and even necrosis. of muscles. The muscle may 
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remain swollen and sore for several days after excess physical Llt:Lgu12: 

(23). 

It is generally be.lieved that at the onset of heavy muscular acti-

adenosine triphosphate (ATP) -and creatine phosphaie- (CP) stored 
i 

i.n the muse.le exclusively will cover the energy demand. Jheoretically, 

however~ these immediate energy sources can be depleted in man within 10 

seco.adsc- St.1ch short periods of n1aximal .. exercise con.eon1ttantly rest.Jlt in 

the formation of lat!tate. Simultaneously, signs of muscle fatigue or 

::Lmpa:Lnnent can be recognized as indicated by a decrease in mechanical 

output, within this time limit (13). 

Tesch (42) studied muscle fatigue in man, also with special refer-

enc:e to lactate accumulation during short term intense exercise. A 

total of 64 subjects was used. Age, height and weight averaged 24 

years, 180 cm, and 72 kg. All the subjects were physically fit. Among 

this group 14 individuals participated in more regular physical training 

programs and competed on the national elite level in cycling, long-

distance running, orienteering and downhill skiing. Tesch used students 

11t" tests in order to determine the difference between the means. In 

order to examine the early onset of muscle fatigue, force (torque) 

development during repeated knee extensions was recorded using isoki-

ri.eti.c equipment. Maximal oxygen uptake was determined using leg exer-

cise on a Monark cycle ergometer by ::3tl~pwise increasing the vmrk load 

according to the levelling off c;~:Lterion. Expired ai.r was collected in 

Do<Jglas bags and the volume measured in a spirometer. 

To make comparisons possible with previous muscle fatigue studies~ 

short term maximal cycle exercise was applied. This took place without 

any warm-up periods. An exhaustive cyeli.ng test was pr~rfor.med on .a 
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Monark · cycle ergometer wHh a work load correspondi~1g to 120% of vo2 

max. To study the effect of short term h~;avy muscle exercise in sport 

events, subjects performed submaximCJ 1 and maximal skiing of approxi-

mately one minute duration on a slope adjusted for competition. To 

evaluate changes in electromyographic activity during the muscle fatigue 

experiments, EMG was registered from the vastus lateralis muscle. 

Surface electrode of 10 mm in diameter were placed over the belly of the 

muscle as close as possible to the site of the muscle biopsy insertion. 

Muscle tissue specimens (approximately 30-50mg) were taken from the 

·vastus lateralis using the percutaneous needle biopsy technique. 

Blood samples were obtained from the finger tip and analysed for 

lactate concentration according to rhe Barker and Summerson method (3). 

The results of the study were as follows: 

1. Muscle fiber type distribution in the vastus lateralis muscle 

in 64 healthy young men averaged 49 (range 10-79/~) FT f:i.bers. 

2. Tlle absolute as ~vell as r~~lative torque decli11e \Vas taken as 

criterion for muscle fatigue and was found to be more prcnounced in 

individuals wHh muscles rich in FT and/or FTb muscle fibers. 

3. After various types of exercise (25 isokinetlc contractions'} 

supramaximnl cycling exercise, downhill skiing) lactate concentration 

was related to %FT f:Lbers in the activated muscle. Lactate concen-

tration was also related to LDH and M-LDH activtty·. 
tot 

This seems to 

in<lir:'.2te a higher rate of lactate produetion in FT fibers as compar-ed to 

ST fibers. 

l1. After 25 maximal repeated contractions, a relationship between 

force decline and FT/ST lactate ratio was deomnstrated. A similar 

!_·elatio:1.ship was also demonstrated for LDH and M-LDH ratio, 
. tot 

indica-



ting a close relationship betw2e.n the rneUtholic profile of the different 

fiber type, muscle metabolism and muscle function. 

5. La•'.tate accumulation and associated metabolic chRnges inter .. , 

fertng with the contractile mechanism was suggested to 

for muscle fatigue in the situations described here (4.2). 

Ergogenic Aids - Studies 

be 
! 

responsible 

Fox and Mathews (3) reported that, frequently ergogenic aids are 

thought of: only as drugs which may be consumed in order to give the 

They defined the ergogenic aids as something 

whi.ch Jmprr_,1,res or is thought to improve performance; not only athletic 

perforniance, but all physical work as well. 

'11',o::oe ergogenic aids affect different people differently. For 

scm1>0:, research studies show a positive influence upon work performance 

and for others, no effect whatsoc~ver. 

Fox and Hathe-..rs (13) say, drugs, music, warm-up, oxygen, vitamins 

and other nutritional substances such as carbohydrates and water, and 

even selected psychological phenomena; for example, hypnosis, mental 

practice, and suggesttons may affect human performance. In this under-

stBn<ling one could call cinything an ergogenic aid which can be directly 

re;Jated to enhancing performance. 

According to Fox and Mathews (13), during maximal exercise of short 

duration, large changer; occur in the acid-base balance due primarily to 

the production of lactic acid. Maximum work (anaerobic) which produces 

lactic acid wil 1 caus'~ the blood and muscle pH of less than 7. L1 incH-

eating acidosis, while a blood pH greater than 7. 4 indicates alkalosis. 



It was pointec out by Fox and Mathews (13) that during anaerobic 

exercise, blood and muscle pH decrease, while lactic acid concE2ntrations 

increase. Both lactic acid and the pH have been irr,plicated i.n the 

muscular fatigue process. 

Dennis, Talbott, Edwards~ and Di.11 (8) r.E:asoned that :Lncre<.:sing the 

body~s alkali reserve (Buffering system) prior to heavy exerci.se might 

significantly retard the decrease in pH, and delaying fatigue and in-

creasing exercise performance. They studied the Alka1osis and the 

capacity for work of one subject who was a runner. They concluded their 

study by saying, "Thus, a runner in an 21.kaline state ran six minutes~ 

and four seconds to exhaustion in comparison with five minutes, 22 

seconds starting from a normal state". The oxygen debt was about 20 

percent greater in the first case, al though the lactic aci.d concen-

tration in blood from the femoral vein three and one-half minutes after 

work stopped was l~O p£~rcent greater and the change in alkaline reserve 

of blood was also 40 percent greater. During the first five mlnutes of 

recovery after running to complete exhaustion, on the other hand, sam-

ples of blood from the femoral vein show little decrease in the level of 

lactic acid. During this period, little lactic acid leaves the muscle~ 

for samples of blood from an artery have about the same lactic acid 

content a simultaneous sample from the femoral vein. Notwithstanding 

these facts the oxygen debt is nearly one-half paid during the first 

five minutes of recovery. The removal of lactic acid then proceeds at a 

slow and decreasing rate, requiring from 60 to 90 minutes for comple-

tion. An ird tial alkaline state increases the capacity for neutralizing 

lactic acid but may have no ef feet on phosphocreatine breakdown. After 

this finding, they concluded. their study with this statement "Thus if 
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the quantity of lacti_c acid fanned is increased one-half, the oxygen 

debt may be incr<oased one-fourth or less" (8). 

Consolazio, Nelson and Matoush studied the Effect of Aspartic Acid 

Salts (Mg and K) on physical performance of men. The subjects were 
\ 
I 

twelve. heal thy men ranging in age fr01a 20 to 48 years. ! The authors 

divided the total group in to two groups of six, treatment A group and 

treatment B group. Treatment A gr6up took placebo and treatment B group 

took aspartate, however, the subjects were not informed which group they 

were in or what. medication they were receiving. The studv ~:ontinued for 

nine weeks, including: a) a two week preliminary control period de-

signed for training, b) five weeks of therapy, either with aspertate or 

placebo, and c) two final weeks of control or recovery. There were no 

significant differences in metabolic rate and RQ between the treatment A 

group and treatment B group. Differences in other factors, such as 

maximum breathing capacity, vital capacity; breath holding time, were 

also nonsignificant (6). 

Jokyl (18) studied the effect of dietary supplementation with 

phosphates upon physical endurance and muscle soreness. Fourteen col-

lege basketball players were tested over a period of 25 days, each 

subject took two capsules (equivalent to 2~ tablets) of phosphate daily, 

while a like number used as control were given an "inert" substance. A 

significant difference in f;1vor of the phosphate group was found in each 

instance in respect to pulse rate. 

Jones, Sutton, Taylor and Toews (19) studied the effect of pH on 

ca.rdiorespi.ratory and metabolic responses to exercJse, Five male sub·-

jects perfonT'ed exercise at 33, 66, and 95% of their maximum power 

output on three occasions in random order. Each study was preceded by a 



three hour period in which capsules were taken by mouth~ containing 

either c2co3 (control) NH4c1 (acidosis), or Nauco3 (alkalosis) in a dose 

of O. 3 g/kg body weight. Exercise was continuous and maintained for 20 

minutes at the two lower power outputs and for as long as p-ossi.ble at 

the highest. During maximal exercise to exhaustion, endurance perform­

ance was increased from 4.5 minutes (270 seconds) under normal control 

conditions to 7.3 minutes (438 seconds) after consuming the following 

ingestion of ammonium chloride (making the blood acidic), endurance time 

was reduced to only 2.6 minutes (160 seconds). No differences were 

observed for central cardiovascular changes in exercise. The respir-

atory changes expected from· changes in blood pH were observed, with a 

higher alveolar ventilation in acidosis. At all power outputs arteriaJ.­

ized venous lactate was lowest in acidosis and highest in alkalosis. 

Plasma glycerol and free fatty acid were lowest in acidosis. Changes in 

blood (Hco3-) bicarbonate and pH were shown to have major effects on 

metabolism in exercise which presumably were responsible fer impared 

enduranee" 

Stirn ~· 0 - Stam Studies 

Wood (44) at Abeline Christan (1978) studied the effect of Stirn -

0 -· Stam (phosphate) on blood lactate, urinary phosphate, blood phos-· 

ph:,1te., systolic blood pressure, diastoLLc blood pressure, respiratory 

rate, anrl heart rate. They used nine male volunteers for their study, 

the age of the subjects was not reported. They used laboratory proced­

ures to determine blood lactate concentration, urine phosphate concen-

trations, and blood phosphate concentrations. Besides the three above 

parameters, systolic and uiastolic blood pressures, respiratory rate, 



36 

and heart rate were examined. The nine subjects were required to run on 

a treadmill, set o.t a speed equivo.lent to an eight minute mLle run. 

Upon reporting to the laboratory, each subject had blood samples drawn 

and the_ vario_us. tests were then performed on that sample. One hour 

later, each person ran on the treadmill for eight minutes (one mile). 

The second day testing was conducted same as the first day except for a 

few changes. The major char..ge was immediately following the drawing of 

the first blood sample, four Stim-0-Stam tablets were taken. After one-

hour rest th2 subjects were put on the treadmill for eight minutes (one 

mile). After the treadmill run, blood wa~> again drawn to provide the 

data for phosphate-exercise conditions. The third and final day of 

testing involved finding values for normal--·rest, phosphate--rest, and 

phosphate-exercise. After the first blood sample, each subject again 

took four Stim-0-Stam tablets and was allowed to rest for exactly one 

hour. After this period another bloc.cl sm:iple was taken to obtain a 

phosphate-resting value. Immediately after this sample was taken, the 

individual was put on the treadmil 1 for another eight minute mile. 

After runai.ng each individual had a third blood sample drm-m to ascer-

tain the phosphate-exercise value. The blood samples were dra\m from 

the venous blood. The statistics applied to the raw data showed direct 

effect on blood lactate reduction (p(. 01), elevation of diastolic blood 

pressure (p(.05), respiratory rate reduction (p(.01), and a decrease in 

heart rate (p(. 001) with the use: of Stim-0-Stam. 

Ulrich (43) studied the effect of Stim-0--Stam on oxygen intake and 
'I. .., 

maximum work-output of 20 athletes. During the fi.rst test, athletes 

were tested until fatigued on an arm erpometor for a five minute period, 

while oxygen intake and maximum work output were. recorded. The average 
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of the maximum work for· the first 20 tests was about 4300 me ter·-kilo-

grams (x6. 8 to convert to foot·-lbs. work), while the average oxygen 

intake was about 20. 6 ml/kg/min. After the first test phosphates were 

I 

given for the next 21 days. At the end of the f . '• l d , irst e11_g Jt ays tne 

\ 
jumped :to 4600 meter second tests wen~ given, the maximum work average 

kilcgrams. After the next seven days, another test was given, the 

maximum work aven.Jge jumped to 5200 meter kilograms. At the end of the 

21 days another test was gi.ven, rnaxirnurn work average jumped to SL;OO 

meter ki.1.ograrns and the oxygen intake average was 20. 5 m1 /kg/mm. For 

the eight days (no phosphate given) the author tested all the subjects • 

. ~ 
For tht' first three days the maximum work remained at the high 5400 

meter kilograms. At the end of the eighth day, the work output was 4300 

meter kilograms, and the oxygen intake. remained at a constant average as 

before. The author concluded his study with this statement, 11With 

cons t:rnt oxygen intake, the maximum work increased from 4300 meter 

kilograms to 5400 meter kilograms, a 26% increase in work efficiency due 

to 21 de.ys phosphate (Stim-0-Stam) feeding" (l.13, p. 12). 

Davenport (7) studied the effect of the commercial product Stim-0-

Stam on ten college m<~n. He used ten male volunteers from Oklahoma 

State University students with ages ranging from twenty to twenty-five 

years old. These ten volunteers were taken to the varsity track and 

ch·ckr:•d in a twelvr:; minutes enduranc.e run (pre~tested). After the 

rre-test · the author divided the group (JO) into two groups of five, 

experimental group and control group. 1.1ie experimental group took 

Sti1n·-O·-St<'<m and the control gro11p took a placebo for fourteen days. 

After this per.10d-. th;.; group:? ·1JJere post-tested by the Dame procedures 

used in i:he pre-te.st. Th.ere was no signiflcant difference between pre 
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and post-test twelve minute run for control group. There was a si.~mif­

icant difference between pre and post~·test twelve minute run for the 

experimental group ( (.OS) (7). 

McFadden (32) studied the effect of phosphate feeding on the mile 

run time of college students. The author used 36 subjects from Oklahoma 

State Univers:i.ty, who volunteered from a weight training class. The 

subjects were males between the ages of 19-23 years old. During the 

pretest: all 36 subjects ran one mile for time to assess their fitness 

level. After the first time trial the subjects were d.i.vided into three 

matched groups, according to their times. Two weeks before the post,-

test two of the groups were given tablets that they were told was a food 

supplement designed to increase endurance. One group received the 

placebo, and another group received Stim-0-Stam. The third group was 

the control group and did not receive any tablets. The experiment was a 

double-blind study. After 14 days all the subj ec:ts repeated the one 

milf.~ run under the same conditions as the pre-test. There were no 

significant differences in the mean times recorded by the three groups. 

Rosson (39) studied the effect of phosphate feeding on blood lac-

tate concent1·ation after wrist flexion to exhaustion. Subjects were 

eight mH1e and six female Oklahoma State University physiology of exer-

cise class members who volunteered for his study. Subjects participated 

in a wrist flexion test to e~1austion and gave a sample of blood three 

minutes later. The subjects were then pa Leed based on their pre-test 

lactic acid results. The author labeled one group as experimental and 

the other as the control group. The experimental group took the phos­

phate and the control group took the placebo for seventeen days. The 

author used a double blind study in administering the pills. After the 
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seventeen. day period, a p::rnt-·test Wi.:s given to check for lact:Lc acid 

concentration betYeen the two groups. There was no significant differ-

ence between experimental group lact i.c acid content and control group 

lactic ac:Ld content. 

Summary 

The li.terature reveals that lactic acid content increase~; linearly 

with exercise and decreases with training. 

The lactate removal rate after maximum exercise was higher during 

light (low intensity) exercise than during rest. 

According to the studies, it wcis generally believed that at the 

onset of heavy muscular activities, ATP, CP stored in tbe muscle ex-

elusively will cover the energy demand. 

An estimate of the total breakdown of ATP and CP and the amount of 

ATP resynthesls by the glycolysis corresponded to •:he lactc1te content in 

muscle. Therefore~ the ratio of ATP to ADP appeared to· decrease 
., . 
. c1n~ 

early when lactate content increased. 

Most of the studies have shown that with the presence of phosphates 

t}1e endu.ra.nce of rnuscular activity ·wfiS grea.te.r~ Some studies did not 

show any signi.ficant difference in muscular endurance. due to an excess 

of phosphate present in the body. 

From the literature it was also concluded that Stim-O~Stam (phos-

phate) tended to decrease the lactic acid, maximum heart rate, and 

lncn~ased max vo2 , and maxj_mum work compacity (7, 2T, 28, 39, 43, and 

44). 

:Finally, the benefit of the ergogenic aids may be:. .s~;sociated in 

part with psyd101ogi.ca1 changc:os with:Ln the users. 



CHAPTER III 

METHOD AND PROCEDURE 

The purpose of thi~ study was to measure the effect of phosphate on 

lactic acid.accumulation, maximum vo2, 15 minute recovery heart rate and 

blood pressure.. This chapter outlines the methodology and procedures 

used for assessing the effect of phosphate on lactic acid accumulation 

during the all out treadmill run. 

Selection of Subjects 

Varsity track men at Oklahoma State University were. used as sub­

jects for this study. Eighteen track men ·between the ages of eighteen 

and twenty-two participated on a volunteer basis in the pre and post­

test. The subjects were randomly assigned to two matched groups on the 

basis of their lactic-acid results on the pre-test, to form two matched 

groups, then randomly assigned to the phospate group and the placebo 

group. 

Personal Data 

Upon arrival a.t the Physiology of Exercise Laboratory, each athlete 

was asked to fill out a form, inlcuding the following information: 

name, age, and phone number. 

Testing Procedures 

All the subjects reported to the Physiology of Exercise Laboratory 
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in September, 1980~ wearing ae:tivity clothes~ running shoes, shorts, and 

tee-shirt. They were instructed in how to use the treadmill and how to 

use the breathing valve during the run. 

·Telemetry equipment was attached to the subject 1 s chest, (m1e: 

electrode over the sternum and the other electrode just below and to the 

left of the left n1pple). Heart rate. was monitored every minute during 

the run and every five minutes during the fifteen minute recovery. 

Each subject ran on the treadmill ti.sing the follo1.dng step,;: 

1. All subjects started at S mph at 5% elevation for five minutes 

(wann-up period). 

2. Tr2admil 1 sp•~ed was increased to seven mph at 7:~ elev::>. tion for 

three m:Lnutes. 

3. Elevation was increased to 10% where the subject ran until he 

became exhausted. 

technic:Lan. (The thn:E! minute recovery was recommended by 

Dr. William Haskell, Ph.D. and Bruno Balke, M.D.) The drawn 

blood was collected inside capillary tubes. These blood sam­

ples were taken to the microbiology laboratory for cletermin-

at:i.on of the lactic acid content. A microbiology laboratciry 



assistant and Ph.D. candidate measured the lactic acid content 

using manornetric technique patterned after Barker Dncl Summer-

son (3). 

6. ·The monj_tored recovery period was for fifteen minutes. At the 

end of the fifth, tenth and fifteenth minute the heart rate 

and blood pressure were measured. 

After the pre-test, subjects were arnmged in order (high to low) 

accord:Lng to the amount of lactic aeid found in their blood. Dr. A. B. 

Harrison and Dr. Betty Edgley randomly assigned the subj eets based on 

these lactic acid measurement to two groups of nine each (phosphate and 

placebo groups). They used· the following procedures: 

1. Subjects were arranged in order (high to low) according to the 

lactic acid measurements, fll and i/2 were paired, a coin \·;as 

tossed to determine into which group each fell. 111e same 

procedures were followed for each ~air. 

2. After determining two equal groups, a coin was tossed to 

determine which group would be the phosphate group ar!.d which 

group would be the placebo group. 

A local drugstore supplied phosphate capsules and placebo capsules which 

hid the tdste and appearance of the pills. A 16 day supply of capsules 

(three per day) was packaged in numbered pill bottles. 

Aft.er the phosphate and placebo groups had been determined, the 

phosphate group took the phosphate pill (Stim-0-Stam) for 16 days. Each 

athlete took 3 to 4 pills 30 minutes prior to his daily workout (mostly 

interval type running such as 2 x 400 and 2 x 300 etc.). The placebo 

group took color-coded pills for 16 clays. This method of administering 

capsules is known as the double blind method because neither the author 



nor the subjects knew who was get ting the color coded placebo and who 

was getting the phosphate. All the subjects did the same kind of exer-

cise during the 16 day period. 

At the end of 16 days the subjects were given a post test following 

procedun"s the same as the pre~test. For the post test each subject 

stayed on the treadmll l as long .as the pre-test time. The purpose of 

this was to give each subj ec.t the same work-load in both the pre-test 

and the post-test. 

The pre and post-test means for both groups were compa n::d by a 

paired t~test to determine the effect of phosphate on lactic ac:Ld acni:.1-

ulation, maximum vo2 , maximum heat·t rate, fifteen minute recovery heart 

rate and blood pressure. Also the post test means were compared by 

means of a paried t-test to determine if there was a difference between 

phosphate and placebo groups (matched pairs). 

The .05 confidence level was used to test for the significance of 

difference. 



CHAPTER TV 

RESULTS A~TD DISCUSSION 

The author has attempted to determine if phosphatl" had an effect on 

1 1 ' 'd J ' ' VO ' ' · , .. i ;: t 1e · actJ.c aci accumu .a.tion, maximum 2 , max2.mum neart ra·ce., r ._L tec~n 

minutes recovery heart rate and fifteen minutes recovery blood pressure. 

Eighteen male track athletes part:Lcipated i.n the pre and posttest 

all-out treadmill run. A total of seven variables were measured and 

recorded from both the pre and posttest. After the pre-test; the group 

was divided into two groups~ phosphate group and placebo group. Pai.red 

t-·tests were calculated on all variables. The .05 was chosen as level 

of significance. Calculations were done on the phosphate group pre and 

posttest results for all the variables, placebo group pre and posttest 

results for al 1 the variables, phosphate group and placebo group post-· 

test means for all the variables. A summary of tbc pre and posttest raw 

data for phosphate and placebo groups appears in Appendix A, Tables VI 

through IX. 

Means, standard deviation and standard error of the mean for the 

entire group's pre and post test, and the differences of the pre and 

posttest means are displayed in Appendix B, Tables X, XI and XII. Pre 

&nd posttest means~ standard deviation and standa.rd error group are 

presented in Appendix B, Tables XIII and XIV, and the differences of the 

pre and post-test means are presented in Appendix E, Table XV. Pre and 

post test means, . standard <lev-iat:i.on and standard error of the mean for 

the phosphate group are presentt~d in Appendix B, Tables XVI and XVII, 

!14 
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and the diLferen~:es between pre and post tt'?.St: mea.n2, are presented tn 

Appendix E, Table XVIII. 

Dur.-1.ng the pre-·test ·a11 the. sabjects averaged 11+.L:.f• minutes on the 

treadmill and all h<'!d appro:id.mate.ly the. same fitness level. 

' 
During the postte~;t the phosphate group showed better progress on 

their maximum Vo,,, maximum li.=:art rate,. maximum lactic acid, fifteen 
I. 

minutes recovery heart rate and fifteen minutes recovery blood pressure. 

Significant Differences 

The t-test for the phosphate group's pre and posttest differences 

showed signif:i..c.ant change on lactic acid, maximum heart r:atet second 

• l] ' maximum , o? ., 
-1 

The t-test for the placebo groupts pre and posttest differ-

ences revealed no s1.gnificant changes on any of the variables. The 

t-·test for differences hetw2en posttest means showed signiftcant differ-

ences on al 1 of the variables except on the lactic acid accumulation, 

maximum V0 2 and flf teen minute recovery blood pressure. 

Phosphate Group 

The. phosphate group showed a general improvement in most of the 

variables. The pre-test r1ean for lactic acid ;ms lO.L195 cg lac.tic acid/ 

10 ml plasma, and the posttest mean was 7.00 mg lactic acid/lOml plasma, 

and the differences was 3J1.95 mg lactic acid/lOml plasma. Standard 

deviation· for pre-test was 0.873 and for the posttest it was 2.(123. t 

value was l+.56 which rn.ctde it significant at the .Ol level of confidence 

(Appendix B, Table XIX). This means that the phosphate group showed 

better improvement in the lactic acid content by ustng Stim-0-·Starn prior 

to all-out performance. This also showed that Stim·-0--Stam was good 

ergogenic aid for the athletes during the all-out treadmill n1n. 



Prco-test mean for maximum Vo2 was t,] .37 ml/kg/min and the post test 

mean was Yl,20 ml/kg/minutes. The mean difference was 10 .17 ml/kg/ 

minutes. Standard deviation for the pre-test was 10.218 and for the 

i 
posttest. it was 1;.563. The t Yalue was 3.65 which made :l{" significant 

at the .cn level of confidence (Appendix B~ Table. XX). It~, is generally 

accepted that the source of energy in the human body comes from ATP 

(Adenosine Triphosphate) and CF (Creatine phosphate)" Since the body 

cannot s<:ore the excess phosphate in the body for extra energy, if the 

body gets extra phosphate (St.im·-0-Stam) prior to the all-out exercise, 

the body will produce more energy (V0 2 ), as shown by the phosphate 

group. Therchange that occurred in maximum V0 2 was not a. major issue of 

this study because at the beginning of this study the groups WE:.re equal-
1 

i 
ly matched according to their lactic acid, not maximum V0 2 • 

Pre-test maximum heart rate was 187 .33 beats per minute and the 

post test rate was 180 beats per minute. The mean difference was 7 .33 

·beats per minute. The standard deviation for the pre-test was 5.000 and 

for the posttest 4.243. The t value was 5.50 which made it significant 

at the .01 level of confidence (Appendix B, Table XXI and Figure 1), 

This means that with the same duration and intensity a lower heart 

indicates a greater cardiac output (Table I). 

Placebo Group 

The -placebo group did not show significant improveme.nt in any of 

the variables. 

Pre-test lactic acid mean was 10.67 mgLA/lOml plasma, and the post-

test mean was 9.04 mgLA/lOrnl plasma. This produced a mean difference of 

1. 63 mg l.actic: acid/lOml/plasma. The standard deviation for pre-test 
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was 0.937 and for the postr:est was I.528. The t value of 2.23 was not 

signiflcant <>t the .05 levd of confidence (Appendix H, Table XXII). 

TABLE I 

t~VALUES FOR PHOSPHATE GROUP BETWEEN 
PRE AND POSTTEST ME/\.NS 

----·--------·----
Variables t-value Significance 

----------- ----------·----
I .. actic acid 4.56* .01 

Haximurn V0 2 3,65* .01 

Maximmu Heart Rate 5.50* .01 

Pre-test maximum Vo2 mean was 5 7. 54 ml/kg/mm., and the post test 

mean was 63.22 ml/kg/rnm. This produced a mean difference of 5.68 ml/kg/ 

minute. The standard deviation for the pre-test was 9.936, and for the 

post.:...test was 6.919. The t value of l.49 was not significant at the .05 

level of confidence (Table II and Appendix B, Table XXIII). 

Pre-test maxim1Jm heart rate mean was 186. 66 beat per minute and the 

post~test. mean was 186 beat per minute. Thf."= standard deviation for the 

pre·-test was l;. 690 and for the post test was 5 .196. The t value of • 43 

was not significant at the .05 level of confidence (Appendix B, Table 

X...XIV and Figure 3). 



TABLE II 

t-\rALUES FOR PLACEBO GROUP BETWEEN 
PRE At~D POSTTEST MEANS 

----------------·-----·-·-----------
Vari<:ibles t-value S:Lgnif icance 

\ 

Lacttc acid 2.23 NS 

Maximum V02 1.49* NS 

Maximum Heart Rate .43 NS 

Posttest Differences Between Phosphate Group 

and Placebo Group Means 

49 

There was a sign:LfJ.cant difference bet.ween the phosphate and place-'-

bo groups post.test means, except in lactic acid, maximum Vo2 and fifteen 

minute recovery blood pressure. 

Posttest lactic acid mea.n for the phosphate group was 7.03 mg /lOml 

plasma, and the posttest lactic acid mean for placebo group was 9.05 mg 

lactic acid/lOml plasma. This revealed a mean difference of 2. 02 mg 

lactic acid/Hlml plasma. The standard deviation for the phosphate group 

was 2. 023 and for the placebo group was 1. 528. The t value of 2. 28 was 

not significant at .05 level of confidence (Table III and Appendix B, 

Table XXV). 

During the posttest the phosphate group showed lower lactic acid 

than the placebo group. Both groups had similar lactic acid content 

during the pre-test. The phosphate group showed some improvement by 

producing less lactic acid. This difference was not significant at the 

.05 level, but this improvment would be significant at the .10 level. 
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TABLE HI 

t-VALUES BETWEEN PHSOPHATE AND PLACEBO 
GROUI'S: POSTTEST MEANS __________ " _____ _ 

Var:Lable~-; t-value Sigr\ificance 
1 ___ _ 

\Ns Ln~tic ncid 2 •. 28 

Maxi.mum V0 2 1.26 NS 

Maximum Heart Rate 3.46* .01 

..,...;.---..--.. ---·-·-----·--·-----------~---· ____ ,_,.. __ - ------

; 
Posttest Vo 2 gain for the phosphate group was -5.6956 ml/kg/min, 

I 
I 

and the pos:ttest Vo 2 gain for the placebo group was -9.8267 ml/kg/min. 
i 

This revealed a difference of 4.1311 ml/kg/min. The standard deviation 

for the phosphate group was 11.378 and for the placebo group was S.075. 

The t value of 1.26 was not significant at the .OS level of confidence 

(Append ix B, Table XXVI). The reason that the author compared the 

pe1~cent of gain between the two groups was the large difference of V0 2 

at the beginning of the study. 

Posttest maximum heart rate for phosphate group was 180 beats per 

minute and for the placebo group was 186 beats per minute. This re-

vealed a difference of six beats per minute~. The standard deviation for 

the phosphate group was 4.243 and for the placebo group was 5.196. The 

t value of 3.46 was significant at the .01 level of confidence (Table 

III and Appendix E, Table XXVII). These results show that the phosphate 

group produced io~ver heart rates than the placebo group even though the 

workload was the same for both gr0ups. However, the only difference was 

that the phosphate group took Stim-0-Stam prior to exercise. 
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Recovery 

Five minute recovery heart rate for the phosphate group was 97. 33 

beats per minute, and for the placebp was 110.66 beats per minute. This 

revealed a difference of 13" 13 heats per minute. The t vahie of 2. 37 Y.'as 

significant at .05 level of confidence (Table IV and Appendix H, Table 

XXVIII). This me.,ms that during the first five minute recovery the 

phosphcite group showed faster recovery heart rate than the placebo 

group. 

TABLE IV 

t-VALUES BETWEEN PHOSPHATE AND PLACEBO GROUPS: 
POSTTEST RECOVERY HEART RATE 

-·---------- ----------------
Variables t-value Significance 

5 minute recovery H.R. 2.37 .05 

10 minute recovery H.R. 2.29 NS 

15 minute recovery H.R. 2.87 .05 

Ten minutes recovery heart rate for the phosphate group was 90 

beast per minute and for the placebo group was 103 beats per minute. 

This revealed a mean dtfference of 13 beats per minute. The t value of 

2.29 was not significant at .05 level of confidence (Appendix B. Table 

XXIX) • This means <luring the ten minute recove.ry both groups showed no 

significant change from the pre-test rates which means that both groups 

recovered at almost the same rate. 



Fifteen minutes recovery heart rate for the phosphate group w::ls 

32.66 beats per minute, and for the placebo group was 98 bei.lts per 

minute. This revealed a mean difference of 15.31+ beats per rntnute. The 

t value of 2.87 was significant at .01 level of confidence (Appendix B, 

Table XXX and Figure 5). This indicates a better heart rate recovery 

for the phosphate group at fifteen minute recovery. 

There was no significant difference between the phosphate gr.oup and 

placebo group f:i.ftt~en minute recovery hlood pressure means (Figures 2 

and 4). The t values of the 5, 10, and 15 minute recoveries for syst-

o1ic were t 5= L91~ t 10 := .85, t 15= .16 respectively (Table V and Appen-

d:Lx B~ Tables XXXI, XXXII, and XXXIII). For the diastolic they were t = 
5 

1.32~ t= .5, t 15 =, .32 respectively (Appendix B, Tables x,xxrv, xxxv~ and 

XXXVI). 

TABLE V 

t·-VALUES BETWEEN PHOSPHATE AND PLACEBO GROUPS~ 
POSTTEST RECOVERY BLOOD PRESSURE 

Variables t-value Significance 

5 minute recovery H.P. 1.91 NS 

10 minute recovery 13.P. .BS NS 

15 minute recovery B.P. .16 NS 

---------·~ .. -~~--

Summary and Discussion 

The purpos<: of th:is study war:; to measure the effect of phosphate on 
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lacti.c ac:ld accun1u l& t ion, maxi.mum Vo,.,, 
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maximum heart rate, 1.5 m1-nutcs 

recovery heart rate and fifteen minutes recovery blood pressure follow-

ing maximal treadmi.11 run. The second purpose was to compare the post-

test phosphate group result:~ with the posttest placebo g1:oup results. 
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The phosphate group showed a sign:Ui.cant increase in maximum heari: 

rate (P<.OS), maximum Vo2 (P<.OS), and significant decrease in maximum 

lactic acid (P< .05), and fifteen minutes recovery heart :rate (P< .05). 

There was no significant change in the recovery blood pressure. It was 

e.1:pe.c.ted that the phosphate group would recover faster than those who 

did not take phosphate (placebo group) prior to their work-out. It was 

expected that those who participated in the sixteen day interval train~ 

ing and used phosphate prior to the activity would have more maximum 

vo2 , less lactic acid, less maximum heart rate and faster recovery than 

those ·who did exercise but d:i.d not take phosphate. However, those who 

did not take phosphate (olacebo group) had some tmprovement due to 

exercise, but this improvement was not significant at .05 level. 

The difference between the posttest means for the phosphate group 

a.nd placebo group showed a significant difference in maximum heart rate 

and fifteen minutes recovery heart rate. It was expected that those who 

took phosphate would recover faster. There was no signi.ficant differ­

ence between the posttest maximum lactic acid and maximum Vo2 means for 

the phosphate and placebo group. The lactic acid improved in the phos­

phate group but was a little short of significance about (. 03). It was 

the author's opinion that the significant improvment of the phosphate 

group was due to Stim-0-Stam feeding prior to all-out treadmill run. 

Finally the group which took phosphate (Stim-0-Stam) did show lower 

lacti.c acid, maximum heart rate, and recovered faster than those who did 

not take phosphate (placebo group) as indicated in the result of this 

study. The results of this study showed a simi.lar effect on the p2.rform-

ance of the subjects as did the previous phosphate studies. Some of the 

previous studies were outdated and some were unpublished reports. These 

results were new and more updated. 



CHA~?TER .\T 

CONCLUSIONS AND RECOM}1ENDATIONS 

There have been many coaches who be.lieve that their athletes will 

incn!ase their athlet:ic performance if they take some kind of ergogenic 

aid prior to the competition. 

Lundsgard (52) was·, able to show that the iodoecE'tc:tte poisoned 

musele performed lactic acid free contractions at the same time as 

energy-rich phospha tE! (er8ogenic aid) compounds were injected in the 

muscle. 

With the current interest in ergogenic aid, most athletes follow 

the mainstream of ergogenic . atd users and take sow:' kind of vitamin or 

foud supplement for extra energy. 

Tbe unique aspect of this study was to determine whe. th er or not 

energy-rich phosphate taken as a food suplement had any effect on the 

athlete 1 :::; ;;otential for performance. 

Eighteen male track athletes from Oklahoma State University were 

pre-tested, using the all out treadmill nm. The results of the pretest 

were used to divide the entire group (18 people) into two equal groups: 

phosphate group and placebo group. The author used a doubleblind study 

for this c~xpcrtment. 

performed a similar activity. During thE~ sixteea d:iy pcr:i.od the phos· .. 

pha t.e group tool<: the phosphate tablet and the place.too gro~tp tcok the 

c.uJ.oi:··codcd tablet, 

58 
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was taking phosphate and who was taking placeboes. At the end of the 

posttest, however the author was able to find out: who was in the phos-· 

phate group and ~10 was in the placebo group. 

A paired t-test was used to analyze the changes between pre-test 

and post test scores for both groups. Also paired t~teGt was used to 

analyze the difference between the post test results for both groups. 

Hean raw data differences were tested for significance of differences at 

the .05 level of confidence. 

Summary of Finding 

1. The differences between pre and post test lactic aci.d means for 

the phosphate group was significc_,;1t at the • 05 level of confidence; 

therefore, the null hypothesis was rejected (Appendix B, Table XIX). 

2. The differences between pre and posttest maximum Vo 2 means for 

the phosphate group was significan;: at the .OS level of confidence; 

the.ref ore, the null hypothesis was rejected (Appendix B, Table XX). 

3. The differences between pre and posttest maximum heart rate 

means for the phosphate group was signj_ficant at the .05 level of confi-

dence, therefon~ the null hypothesis was rejected (Appendix B, Table 

XII). 

4. The differences between pre and posttest lactic acid h:0ans for 

placebo group wan not significant at the .05 level of conf:i.dence, there­

fore the null hypothesis was accepted (Appendix E, Table XXI). 

5. The differences between pre and po:?r: ter:;t maximum Vo 2 means for 

the placebo group was not significant at the .05 level of confidence, 

therefocr::! the null hypotlwsis was accepted (Appendix B; Tab J e XX III). 
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6. The differences between pre and posttest maxi.mum heart rat.e 

means for the placebo group was not significant at the • 05 level of 

confidence; therefore, the null hypothesis was accepted (Appendix B, 

Table XXIV). 

7. The differences between post test lactic acid means for the 

phosphate and the placebo grorips was not significant at the .05 level of 

colifidence; therefore, the null hypothesis was accepted (Appendix B, 

Table XXV). 

8. The differences . between post test maximum Vo 2 means for the 

phosphate and the placebo groups was not significant at the .OS level of 

confidence; therefore, the null hypo thesis was accepted (Appendix B, 

Ta. b 1 e Y:AV I ) • 

9. The differences between post.test maximum heart rate means for 

the phosphc1te and the placebo groups was significant at the • 05 level of 

confidence; therefore, the null hypothesis was rejected (Appendix B, 

Table XXVH). 

10. The differences between Eostte~t five minutes recovery heart 

rate means for the phosphate and placebo groups was significant at the 

• 05 level of confidence; thend'ore, the null h::rpothesis was rejected 

(Appendix B, Table XX III). 

11. The differences between posttest ten ninutes recovery heart 

rate means for the phosphate and placebo groups cJS not significant at 

the .05 level of conf:Ldence; therefore, the null ·,.c·pothesis was accepted 

(Appendix 13, Tab.le XXIX). 

12. The differences between .£.ost~.!_ fifteen 'inutes recovery heart 

rate means for the phosphate and placebo groups ' 1 s significant at the 

.05 lc::vel of confidence; therefore, the null h'.·,jothesis was rejected 

(i\ppenrlix B, Table XXX). 
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13. The differences between post test five, ten and fiftee11 minutes 

recovery blood pressure means for the phosphate and placeb:?_ groups was 

not significant at the .05 level of confidence; therefore, the null 

hypothesis was ai~cspted, (Appendix B, Tables XXXI;...XXXVI). 

Based on the. hypothesis stated and the limits of this study the 

followi_ng concl11s1ca was drawn: the phosphate ( Stim-0-Sta:m) feeding 

thirty minutes prior . to all-out treadmill ruti showed a significant 

change which i.mprovecl the subjects perform.ance concerning the maximum 

lactic acid, maximum heart rate and fifteen minute recovery heart rate. 

Recommendations 

There is no question that more studies are needed to determine the 

effects of the energy-ri_ch phosphate on human performance. When investi.­

gating atld.etes, it would be advantageous in the future to use a ho:r~o·-

geneou:3 group of athletes such as sprinters, middle di:3t>Jnce runners, 

and swimmers~ etc,. This will aid the investigator in dividing the group 

into equal or matched groups. 

It :Ls also recommended that more subjects be used. This should 

reduce the prob1H11s o.f variability associated with a small group of less 

than thirty people. 

In future studies the inve::;t:Lgator shoi:ld compare or correlate the 

amo11nt of lact:Lc-ac:i.d with the sprint rum1ing time, such as 200 or 400 

meters. During the recovery the blood lactic should be tested every 

minute up to ten to f:tfteen minutes and correlate with the recovery 

heart rate. Also, the investigator should g:i.ve the subjects Stim-0-Sta.m 

~).fter the T'iaximal ~vo:ck to see if t\;e recovery he;;crt rate and lactic acid 

content will decrease. 
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The invest:!.gator should r;;easure lactic acid level and pH of the 

blood at rest, pre-exercise and at various time intervals after taking 

Stim-0-Stam. 
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~--ii;h-

feet i\~1.e fh:dp,h~· 

1Y h ?tj_I• 

20 _)' 10" 

18 'Sr 9n 

20 5'7" 

Ill .5, 6" 

(, 19 6'' l1 t1 

J_ ~} fl'2H 

:!O 5' 1.0 11 

fj 1': 6'2" 

l !! 5;: I) !I 

N 19 st 0'r.T1 

TABLE VI 

FIVE, TEN AND FIFTEEN MINUTE RECOVERING HEART RATE AND 
RECOVERING BLOOD PRESSURE FOR PLACEBO GROUP 

'5 "'ln. !fl ml n. 1.5 min. 5 min. 1 ri nd n. 15 !TI.in. 
Recn\•p1· i ng Rt>C1)V 1.~ring V:ef'.'.nvPtJ,g, Her_ov1.-:..1~ing He1:ovc r i 11;: Rc-cn1.rer tng 
lle.:1 rt Rate HeArt R'1te H0;Yr-t Rn te P..lo~::~! FreRr-iure B J_ood Pressure nloPd Press11n~ 

Pre T'o~t Prr> 1'ost Pre Pust Pr•.· f'ost rre Post Pre Post 
------

1 u, l 14 108 102 102 102 l•i0/70 ll15/65 I ?0/75 U0/70 120/ i'5 I J0/75 

10,q 108 !02 96 102 % l/t!J /70 1!10/70 J 20/711 120/70 115 /70 l 15 /70 
·• 

9r, 0,6 . 120 90 120 71$ 1 .::il/7() 120/70 110/70 t"!O//O 105/70 ifJ'/70 

108 l32 I fl2 ! 2fi 102 i20 140/70 135/70 u 5/70 1 ~5 /7) 1!5/75 LIS/75 

JOil 102 711 ')6 11, % !)0/75 130 i7 5 ] 15/7} 1 W/75 110/75 ll0/7'i 

i08 111~ lliB J 118 90 9? l J'i/70 ll10/6S i L)/7C I Yl/70 1l 0 /71) 120/70 

96 102 90 % qo 96 130/7() 130 /7) lVi/70 U5/75 110/70 115/75 

120 120 120 114 l !!. !08 I 20 /75 [J'l/7'.· l l'i/70 IW/75 110/70 115/7 r, 

1 !11 108 96 102 '10 102 120/15 l 20/75 l llJ/70 115/75 105/70 l l'i/75 

q')~ 996 nr, 930 i184 8R6 ll75/Gi15 1190/6411 l 015 /6110 l ~V}C) /660 1000/045 10''0 /66r) 

l lll. 6A 110. 66 107.. RI\ IO"l S8. 22 g8 lJt~.) ") 132. 20 J 15 12 l. 66 Ji 1. i. l 111. 5') 
I"!. (;,(1 71:-il Ti-::-11 ~J 7f~r'& 73.JJ 

---·-·-·----···~~-------------·----~----- -- --------·---------

•'.J\ 
,_;::,; 



fitth""" 

TABLE VII 

RESTING HEART BEATS, MAX HEART RATE, MAX V02 AND 
LACTIC ACID FOR PLACEBO GROUP 

-------------
HPs t ln1; Mnxf1r11.!rn MA.:itmrnu Lncl le 1\cid 

_j1!ct Age l!:_,lght We-!_ght H0;'1rt Hcat"s Hf:':;1 rt R.i te V0 2 

Pre· l'or.t Pr;; 1'osl Pre Pns t Pre Post Pre Post 

J 0 i) '4" !RO !8? 02 60 l iJ(; l Sfi 1, R. t 7 59J10 9.18 J ?.. 01, 

2 ;;n 5 T 10" 715 176 6li 62 186 \8(, 610. !JO 70. 70 9. 28 9.h6 

J..~ 5 \ 9' 1 I 57 I 56 6(1 60 \llO 180 73. lfJ 67. ')() I l. 38 7. ?1 

1, ]() 5'7" l 'i 2 Fi3 66 6!1 180 180 6'!. 2 2 08. :n l 1. t<3 7. 20 

12 5'6" 150 1116 68 fi6 191 192 1.2 .• 00 66.JO (/. 18 9.Y2 

f, l8 6!41! iqo 188 70 '>8 192 192 ~5.-'4 J_ 47.27 11.ns 9 .. 87 

l'l 6' 2" 173 l?n 7l 70 192 l >\O .58. 85 62. l, 12. 20 7. ll'j 

8 20 S' 10" JSO 1c0 
J< li8 (1'._"J !R6 186 51,. 1') (,').'iLf 11. 4 i 9,2B 

9 19 6'2" 169 l69 68 6.'~ ! 86 192 S2. 79 <~ct .. GO 10. li4 1. 89 

l ll 53 I 5 11 1 /!qf) i508 598 582 '(,8() i6 7/· 5 t 7. ql, ')69.C'rJ 9fi. ir~ ill.40 

:i l" ) '9'-i:" l66.22 !67.55 6f1 .t~ 64. fi l.86. {;(, l8b 5 7. ~{1 r,1.22 1().r,7 '}s[}fi 

sn Lt.(;-:'!() 1.1% 9.'l% (,."I 4 0. 93 7 1. 'i2,l 

~EM t,5h1 :. n2 i.11.2 I'. "11.1£) ll. 112 o. 509 

-------~--··------· 

_____ , ______ 

·--J 
,·_:;.) 



TABLE VIII 

FIVE• TEN AND FIFTEEN MINUTE RECOVERING HE~'R.T RATE AND 
RECOVERING BLOOD PRESSURE FOR PHOSPHATE GROUP 

-·----
Suh- 5 mln. 10 mln. l 'i mln. 5 min. lO :n!n. l !) r.dn. 
j0ct A}_~i.J. !;e1p,ht r~ecovcrlnf; necov('ting RPCOVt':'.ring H(~cover1.ng 1h•cover ing !11.~cov~ r i r,g 

P~r1 rt Hn te Hcnrt R."'!te 1le:11·t Hat_e l~ Lond Pressure Rlood Prcss11n_• !1 l (''-'d ? re~~~u rP-
!'re Pn~t. Pre Po Rt Pre Post !1 re Post Pre ~·o~ t Pr.-~ Fnst 

------------·------ --·------- ·-·-----------·---
20 5' 10·~ t20 1 •)8 .102 96 102 90 J.l,f)/65 125/65 12() /70 ![5/65 l l rJ/ 70 l UJ/70 

7 18 5'8 11 1()(1 G6 96 90 96 84 150/75 l3 5 /RO 130/'lO 130/HO l l 5 /gn 120/80 

l<J s ~ H II ]().9 :~t. 102 78 96 72 1 y, /70 l JU /7 5 l l.5/7'; 1?.n/BO lrJ.1i7'.l 120/70 

20 6' 2" i 25 108 i 26 !1)2 111, 90 130 /30 !30/80 !25/80 120/81 125 /80 I .W/80 

20 5' 1 O" 120 {02 !OR 96 103 78 I 3il /7 5 125/75 125/80 120/7 'i 110/811 120/75 

6 l'? ~ t 3" 102 96 'J6 84 90 73 110 /60 175/70 ll5f7j l 20/70 l 10 /6'i I00/70 

la r:;'<>" 102 84 % 78 90 78 l?!l/70 115 /70 !12/70 110/70 1 OJ /7Q l05/70 

8 \9 6 1 2" \03 HJ:l 102 96 96 91J 13('/7'; 120/75 115/75 115/75 10.t"; /70 J 10/70 

9 !9 51311 IV. ?(~ % 90 96 81; !Ml /70 130/70 l:l 5 /70 120/70 l J0/70 l"?.0/70 

l 7t .'i J '(;" !OM [)76 9?4 RIO BS~ 744 i~~5/640 1135.559 1037/675 I 0 70 /•i 7!J 1025/(>60 jf)l,5/665 

M ]Q S'91;( 112 97. 13 102.66 90 ns. r}6 32 .. l')fJ -13~' .. 8) 1 '6. I l 120. 77 118. 88 llJ.88 J j 6. 11 
-~:-T:-fT -- ;1 J~~-} --75·- )l7~!~ -'TY.Tl 72:77 

·------~·~-·------ -----------------·~·~----------·- '~-----·--·~---------

~..) ,.._.. 



TABLE IX 

RESTING HEART BEATS, MAX HEART RATE, MAX V02 A..f\il) 
LACTIC ACID FOR PHOSPHATE GROUP 

--------·-- ~·---·-----------

Slih- Restlng ~-Li x ! f1~<' r;:. Mt1x lmum Lr1ct le i\ci?, 
·j~et Age IJ(•f gi;t t·J(' I ght !Jf:'art P.ents HPn rt i~;: tr:• vo, 

Pre Po~t Pre Post !'re Post T're Post Pre l'n~;t 

··-----

20 5' TO" l47 152 68 ''() i. 92 180 )h.27 57.27 l (). ~ s '1.:11-. 

18 5'8" 147 l/17 72 70 192 130 33.80 115. 79 Jo.g2 5. P,7 

l'l 5 t 8" I 118 148 68 62 186 180 63.63 59.70 1 L43 6.44 

li ?O f '21! 185 184 '(1/4 6() ]Hf) 136 1, 7 .11.2 57.68 lO. ~16 9.37 

20 5' 1 O" i65 !6h 68 62 LP.fl 180 '10.50 5i~70 11. 10 7. 1] 

19 6' 1" 181 179 hO 60 130 1 71, /15. 93 59. 73 ()~62 l1. 90 

13 )'q" 16? 1116 58 51) 180 1 71, /!6J11) 50, 7.'i 11. 50 !~. t 2 

8 19 6' 2" 1811 17q 72 64 in ]8(, 0.1.57 62 • . ll ~.q8 '). l 9 

9 19 ') ! .s" 152 1 '.i 7 78 70 192 lRD r;1_1. on lil. Qq 0.37 7. /. :J 

t71 5--; '6 11 !11 51 IV•S 608 564 1686 JA20 4 /''. 1:-l 511 •• 82 94. 4~ 6'.L ?9 

M 19 ~' 0~5.'' I fi l. ?2 [(,2 67 .s 62a6 187. ·11 J,cw /1 7 ~ '3 ! 57.20 !0,!19 7 • (H) 

Sil 5. ncr.\ 11. ?·'l) 1 n. 21 s 1 •• 563 C1.Bn 7.0?J 

! : F. I,~ !J0 6/ ].l.J4 1.1106 I. 51, n.291 n .. ! 7 :~ 

·--------
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Variable 

Resting Heart rate 

Max. Heart rate 

Max. Lactic Acid 
(mg LA/10 ml plasma) 

V02 max. (ml/kg/min) 

5 min. Recovery 
Heart rate 

5 min. Recovery 
Blood Pressure 

10 mir:" Recovery 
Heart Rate 

10 min~ ·Recovery 
BL1od Pressure 

15 rni.n 1> H.t~.covery 

Heart Rate 

15 rri1J1. Ee.co~very 

Bloo<l P~·essure 

TABLE X 

ENTIRE \,ROUP PRE-TEST 

N 

18 

18 

18 

18 

.18 

18 

18 

18 

18 

18 

Mean 

66.95 

186.99 

10.58 

52.45 

ll l. 33 

132.2/71.38 

102. 77 

117. 88/73 

98.44 

Standard 
Deviation 

4. 84.5 

.905 

10.077 

--------·--·--·· 

74 

Standard 
Error of 
The Mean 

1. 615 

.3015 

3.359 



Variable 

Resting Heart rate 

Max. Heart rate 

Max. l,act ic Acid 

5 min. Recovery 
Heart r<lte 

5 min. Recovery 
Blood Pressure 

10 min. Recovery 
Heart Rate 

10 min. Recovery 
Blood P rt'2ssure 

15 min, Recovery 
H<:'a rt F.s t e 

15 min. Recovery 
Blood Pressure 

TABLE X:I 

ENTIRE GROUP POST TEST 

N Mean 

18 63.6 

18 183 

18 60.21 

18 8.02 

18 103.79 

18 129.16/72. 22 

18 96.5 

18 120. 71/74.05 

18 90.33 

18 115. 83/73. 05 

Standard 
Deviation 

4.719 

5.741 

1. 775 

7S 

Standard 
Error of 
The Hean 

l. 573 

l. 015 

.591. 

----·-·----------.. ·------...-------------------



TABLE XII 

DIFFERENCES BETHEEN PRE AND POST TEST FOR 
ENTIRE GROUP 

Variable 

Resting Heart rate 

Max. Heart rate 

Max. Lact:i.c Acid 
(mg LA/10 ml plasma) 

V0 2 max. (ml/kg/min) 

5 min. Recovery 
Heart rate 

5 min. Recovery 
Blood Pressure 

10 min. Recovery 
Heart Rate 

10 min. Recovery 
Bloocl Pressure 

15 min. Recovery 
Heart Rate 

15 min. Recovery 
Blood Pressure 

N 

18 

18 

18 

18 

18 

18 

18 

18 

18 

18 

Difference 

3.35 

3.99 

2.56 

-7.76 

7.34 

3.04/-.84 

6.27 

-2.83/-1.05 

8.11 

-3.34/-.56 

Standard 
Deviation 

.126 

.87 

4.336 

76 

Standard 
Error of 
The Mean 

.042 

.289 

2. 341+ 



Variable 

Resting Heart rate 

Max. Heart rate 

Max. Lactic Acid 
(mg LA/10 ml plasma) 

V02 max. (ml/kg/min) 

5 min. Recovery 
Heart rate 

5 min. Recovery 
Blood Pressure 

10 min. Recovery 
Heart Rate 

10 min. Recovery 
Blood Pressure 

15 min. Recovery 
Heart Rate 

15 min. Recovery 
Blood Pressure 

TABLE XIII 

PHOSPHATE GROUP PRE-TEST 

N Mean 

9 67.05 

9 187.33 

9 10.49 

9 47.37 

9 112 

9 13.3. 88/71. 11 

9 102 

9 120. 77 /75 

9 98 

9 113. 88/73. 33 

, ______ , ________ _ 

Standard 
Deviation 

5.000 

0.873 

10.218 

77 

Standard 
Error of 
The Mean 

1. 667 

0.291 



Variable 

Resting Heart rate 

Max. Heart rate 

Max. Lactic Acid 
(mg LA/10 ml plasma) 

V0 2 max. (ml/kg/min) 

5 min. Recover;1 
Heart rate 

5 min. Recovery 
Blood Pressure 

10 min. Recovery 
He.art Rate 

10 min. Recovery 
Blood Pressure 

15 min. Recovery 
Heart Rate 

15 min. Recovery 
Blood Pressure 

TABLE XIV 

PHOSPHATE GROUP POST TEST 

N 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Mean 

62.6 

180 

7.00 

57.20 

97.33 

126.11/73. 33 

90 

118. 88/74. 44 

82.66 

116.11/72. 77 

Standard 
Deviation 

l+. 243 

2.023 

4.563 

78 

Standard 
Error of 
The Hean 

l. 414 

1. 521 



TABLE XV 

DIFFERENCES BETWEEN PRE AND POST TEST FOR 
PHOSPHATE GROUP 

Var:i.able 

Resting Heart rate 

Max. Heart rate 

Max. Lactic Acid 
(mg LA/10 ml plasma) 

V02 max. (ml/kg/min) 

5 min. Recovery 
Heart rate 

5 min. Recovery 
Blood Pressure 

10 min. Recovery 
Heart Rate 

10 min. Recovery 
Blood Pressure 

15 min. Recovery 
Heart Hate 

15 min. Recovery 
Blood Pressure 

N 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

Mean 

4.9 

7.33 

3.49 

-9.83 

14.67 

7.79/-2.22 

12 

1.89/.56 

15.34 

-2.23/.56 

Standard 
Deviation 

0.757 

-1.15 

5.655 

79 

Standard 
Error of 
The Mean 

0.253 

-.383 

1. 885 



Variable 

Resting Heart rate 

Max. Heart rate 

Max. Lactic Acid 
(mg LA/10 ml plasma) 

V02 max. (ml/kg/min) 

5 rni.n. Recovery 
Heart rate 

5 min. Recovery 
Blood Pressure 

10 min. Recovery 
Heart Rate 

10 min. Recovery 
Blood Pressure 

15 min. Recovery 
Heart Rate 

15 min. Recovery 
Blood Pressuu~ 

TABLE XVI 

PLACEBO GROUP PRE-TEST 

N Hean 

9 66.4 

9 186.66 

9 10.67 

9 57.54 

9 110. 66 

9 130.55/71.66 

9 102.88 

9 115./71.11 

9 98.22 

9 111.11/71.66 

Standard 
Deviation 

4.690 

.937 

9.936 

so 

Standard 
Error of 
The Mean 

i.563 

.312 

3.312 
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TABLE XVII 

PLACEBO GROUP POST TEST 

Standard 
Standard Error of 

Variable N Mean Deviation The Mean 

Resting Heart rate 9 6l1. 6 

Max. Heart rate 9 186 5.196 1.732 

Max. Lactic Acid 9 9.04 1.528 .509 
(mg LA/10 ml plasma) 

. V02 max. (ml/kg/min) 9 63.22 6.919 2.306 

5 min. Recovery 9 110. 66 
Heart rate 

5 min. Recovery 9 132. 22/11.11 
Blood Pressure 

10 min. Recovery 9 103 
Heart Rate 

10 min. Recovery 9 121. 66/73. 33 
Blood Pressure 

15 min. Recovery 9 98 --
Heart Rate 

15 min. Recovery 9 115. 55/73. 3 
Blood Pressure 



TABLE XVIII 

DIFFERENCES BETWEEN PRE- AND POSTTEST FOR 
PLACEBO GROUP 

Standard 
Variable N Mean Deviation 

Resting Heart rate 9 -1.8 

Max. Heart rate 9 ·- .66 .506 

Max. Lactic Acid 9 -1.63 .591 

V02 max. (ml/kg/min) 9 5.68 -3.017 

5 min. Recovery 9 0 
Heart rate 

5 min. Recovery 9 1.67/-.55 
Blood Pressure 

10 min. Recovery 9 .12 
Heart Rate 

iO min. Recovery 9 6.66/2.22 
Blood Pressure 

15 min. Recovery 9 - .22 
Heart Rate 

15 min. Recovery 9 4.44/1.67 
Blood Pressure 

82 

Standard 
Error of 
The Mean 

.169 

.197 

-1. 006 



TABLE XIX 

COMPARISON OF LM~TIC ACID MEANS BETWEEN THE 
PRE-TEST AND POSTTEST FOJ: PHOSATE GROUP _________ __. ____________ . _________ 

·--· 
Pre-test Post test Difference 

No.---- x X,., x 
1 L 

1 ll. 50 4.12 7.38 

') 11. 43 6.44. 4. 99 ,_ 

3 11.10 7.13 3.97 

4 10. 96 9.37 1.59 

5 10.82 5.87 L1. 95 

6 10.18 9.34 0 84 

7 9.93 9.19 • 79 

8 9.12 4.40 4.72 

r, 9.37 7.43 L% .. • 

xl 91, 0 4 6 x2 = 63.29 x 31. 17 

x1 ] ''; [_. Q"" G .. ,.~,_) x2 7.00 

( X) 2 (X 1 - 1) (31.17) 2 (8) 7772 
J. 

83 

x 
2 

54.44 

24.90 

15.76 

2, _')2 

2!r. 50 

.70 

• 62L; 

22.278 

3.76 

NEX 2 -· ( X) 2 9(149.48) - (31.17) 2 1345.32 - 971.568 

7772 
20. 794 := t2 

373.752 

t 2 20.794 

Probability at ~11e .. 05 level of confidence J.S 
., 
£ •• :H 

P:robabilitv at the . 02 le,1el of confidenu~ lS 2.90 
r-rnbabili ty Et th(~ • 0] level of confidence Ls ') 1 c 

~,!< ... ·-· tl 

--·---·---·------.,·----·--·-----··---·---·-·----· 



Variable 

xl 

X2 

* p < .01 

Variable 

*p < .01 

TABLE XX 

COMPARISON OF MAX V0 2 MEANS BETWEEN THE PRE-TEST 
AND POSTTEST FOR PHOSPHATE GROUP 

Mean Mean Standard s. Error 
Number Ml-kg-min Difference Deviation of Mean 

47.375 10.218 3.406 
9 -9.826 

57.202 4.563 1.521 

TABLE XXI 

COMPARISON OF MAX. HEART RATE MEANS BETWEEN THE PRE-TEST 
AND POSTTEST FOR PHOSPHATE GROUP 

S. Error 

84 

T Value 

-3.65* 

Number 
Mean 

Ml-kg-min 
Mean 

Difference 
Standard 
Deviation of Mean T Value 

187.333 5.000 1.667 
9 7.333 5.50* 

180.000 4.243 1.414 



Variable 

xl 

X2 

* N. S. 

Variable 

TABLE XXII 
\ 

COMPARISON OF LACTIC ACID MEAN BETWEEN THE PRE-TEST 
AND POSTTEST FOR PLACEBO GROUP 

Mean Mean Standard s. Error 
Number Ml-kg-min Difference Deviation of Mean 

10.677 0.937 0.312 
9 1.633 

9.044 1. 528 0.509 

TABLE XXIII 

COMPARISON OF MAX V02 MEANS BETWEEN THE PRE-TEST 
AND POSTTEST FOR PLACEBO GROUPS 

S. Error 

85 

T Value 

2.23 

Number 
Mean 

Ml-kg-min 
Mean 

Difference 
Standard 
Deviation of Mean T Value 

57.548 9.936 3.312 
9 -5.673 -1. 49~; 

63.222 6.919 2.306 



Variable 

xl 

x::! 

1cN,. S. 

Vari.ab1e 

TABLE XXIV 

COMPARISON OF MAX. HEART HATE MEA.N BETWEEN THE PRE 
AND POSTTEST FOR PLACEBO GROUPS 

Mean Mean Standard s. Error 
Number Ml-kg-min Difference Deviation of Mean 

186.666 4.690 1. 563 
9 0.666 

186.000 5.196 1. 732 

TAm.E XXV 

COMPARISOl'T OF POST.TEST LACTIC ACID MEANS BETWEEN THE 
PHOSPHATE AND PLACEBO GROUPS 

Mean Standard S. Error 

86 

T Value 

o. 43-~ 

Number 
Mean 

Ml-kg-min Difference Deviation of Mean T Value 

7.032 2. 023 0.674 
9 -2.016 -2.28* 

9.048 1.529 0.510 



TABLE XXVI 

COM:PARISON OF POSTTEST % OF V02 GAIN BETWEEN THE 
PHOSPHATE AND PLACEBO GROUPS 

Mean Standard S. Error 

87 

Variable Number 
Mean 

Ml-kg-min Difference Deviation of Mean T Value 
ml-kg-min 

x - l 

X2 

-1~ I~. S. 

62.444 -5.6956 11. 378 3. 793 
9 

57.202 -9.8267 8.075 2,692 

TABLE XXVII 

COMPARISON OF POSTTEST MAX. HEART RATE MEANS BETWEEN 
THE PHOSPHATE At"JD PLACEBO GROUPS 

Mean Standard S. Error 

1. 26* 

Variable Number 
Mean 

Ml-kg-min Difference Deviation of Mean T Value 

180 4.243 1. 414 
9 -6.000 -3.46* 

186 5.196 I. 732 

*p < .os 



TABLE XXVIII 

COMPARISON OF POSTTEST FIVE MINUTE RECOVERY HEART RATE MEANS 
BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

Mean Mean Standard s. Error 

88 

Variable Number Ml-kg-min Difference Deviation of Mean T Value 

x1 110. 666 10.863 3.621 
9 13.333 

X2 97.33 8.888 2. 963 

* p ( .05 

TABLE XXIX 

COMPARISON OF' POSTTEST TEN MINUTE RECOVERY HEART RATE MEANS 
BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

Mean Standard S. Error 

2.37* 

Variable Number 
Mean 

Ml-kg-min Difference Deviation of Mean T Value 

xl 
9 

103.333 11.136 3. 712 
13.33 2.29* 

X2 90.000 8.485 2.828 

*N.S. 
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TABLE XXX 

' COMPARISON OF POSTTEST FIFTEEN MINUTE RECOVERY HEART RATE MEANS 
BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

Mean Standard S. Error 
Variable Number. 

Hean 
Ml-kg-min Difference Deviation of Mean T Value 

*p <. 05 

98.444 12.441 4.147 
9 15. 777 

82.666 6.557 2.186 

TABLE XXXI 

COMPARISON OF POSTTEST FIVE MINUTE RECOVERY SYSTOtIC BLOOD 
PRESSURE MEANS BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

Hean Mean Standard s. Error 
Variable Number Ml-kg-min Difference Deviation of Hean 

xl 132.222 8.700 2.900 
9 6.111 

X2 126.111 6.009 2.003 

*N. S. 

2.87* 

T Value 

1. 91 



TABLE XXXII 

COMPARISON OF POSTTEST TEN MINUTE HECOVERY DIASTOLIC BLOOD 
PRESSURE MEANS BETWEEN THE PHOSPATE AND PLACEBO GROUPS 

Mean Mean Standard s. Error 
Variable Number Ml-kg-min Difference Deviation of Mean T Value 

x 
1 

X2 

*N. S. 

121.666 6.614 2.205 
9 2. 777 0.85* 

118. 888 5.465 1.822 

TABLE XXXIII 

COMPARISON OF POSTTEST FIFTEEN MINUTE DIASTOLIC BLOOD PRESSURE 
MEANS BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

s. Error 
Variable Number 

Mean 
Ml-kg-min 

Mean 
Difference 

Standard 
Deviation of Mean T Value 

115 • .555 6.821 2.274 
9 -0.555 -0.16* 

116.111 6.009 2.003 

*N. S. 



TABLE XXXIV 

COMPARISON OF POSTTEST FIVE MHJUTE RECOVERY DIASTOLIC BLOOD 
PRESSURE MEANS BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

Mean Mean Standard s. Error 

91 

Variable Number Ml-kg-min Difference Deviation of Mean T Value 

x 71.111 4.16"7 1. 389 
1 

9 -2.222 
X2 73.333 5.000 1. 66 7 

*N. S. 

TABLE x:.;.xv 

COMPARISON OF POSTTEST TEN MINUTE DIASTOLIC BLOOD PRESSURE 
MEANS BETWEEN THE PHOSPHATE A.i."JD PLACEBO GROUPS 

Mean Mean Standard s. Error 
Variable Number Ml-kg-min Difference Deviation of Mean 

x 73.333 2.5000 0.833 1 
9 -1.111 

X2 74. !~l+4 6.346 2.115 _____ , 
*N. S. 

-1. 32* 

T Value 

-0.55* 



TABLE XXXVI 

COMPARISON OF POSTTEST FIFTEEN MINUTE DIASTOLIC BLOOD PRESSURE 
MEANS BETWEEN THE PHOSPHATE AND PLACEBO GROUPS 

Mean Mean Standard s. Error 

92 

Variable Number Ml-kg-mi.n Difference Deviation of Mean T Value 

xl 73.333 2.500 0.833 
9 0.555 0.32* 

X2 72. 777 4.410 1. Li 70 

*N. S. 
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