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ABSTRACY

purpose of the study was to
investigate the effecis of recovery patterns upon
Plood lactats concentrations following supramazimal
anaarchic avm ergometric work., A seccond purrosgs was

" A Lo

to investigate the effects of blood lactate concen-

4

o

trations upon subsequent supranaximal anaerssbic arm
ergonetric work. A third purpose ol the astudy was to
investigate the effecis of recovery patterns upoh
suboosuant cuoranaximal anaerobic srgomeiric work.
Nine Females at Appalachian State Universit
volunteered aun subjects to cemplete four experimental
conditions, sach sunject completed two tests of supra-
nayximal arm ergometric work. During each experimental
coragision one vf four recovery rpavterns was utilized
in the procedure. Blood samplea for The purpose of
deternmining lactate concentrations, were taken four
times during each experimental condition. MNeart rate
and cuzulative pedal revoiutions were recorded by ten-

gecond intervals during all experimental conditions.

Findings were illustrated through the use of

o ) v sy - e im0y - vy Y wp o 23 wy . - . - -1
scatter ploet graphg o analyze nean values for blood
lactate concentratione and cumulative pedal revolutions
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b e




. =B , .
. 3 o~ g, 3 vy g i e o 29 0y P
during conditions. A trend
DODEAE recavery of & s ,ﬂ\gyu-—gl"l'o,
< WL Cald [ <l i £ g & v.
e . e e o L SRR TR Yo & 28 W e e N o o \
for dissipating lactic acid; however, znother trend

emcrged favoring active recovery patterns of longer

duration
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test. There appeared to be a trend that indicates
incressed levels of lactic acid in the body would

1t anaerobic
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CHAPTER I
INTRODICTION

In total carbchydrate combustiorn, there is an
initial anaerobic sequence followed by an aercbhic
phase, It is the availability of oxygen in the cell

which determines the extent to which the mstabolic
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processes can proc
(2: 18-19).

At the commencement of exercise, even if the
intensity wasg below €0 to 7C percent of maximal oxygen
uptake, some anaerobic metaboliism would occur during
the first 45 to 60 seccnds, while the cardiac output
would be adjusted from a regting condition to the level
required by the work lovad. The increasing severity of
exercise would causc adencsine diphosphate accumulatinn,
The breakdown of glycogen would be accelerated and an
increase in the reduction of nicotinamide adenine
dinucleotide.

At a critical intensity, the o

pé

ygen transporting
system would not provide sufficient oxygea to the cells,

the pyruvic acid which was fcrmed, in
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addition to the cxyvgen, would act as a hydregen

accepior. Under sucn conditions some cf the co-enzyme

-t
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nicotinamide adenine dinucleotide {reduced), would be
reoxidized anaerobically by pyruvata which would be
transformed to lactic acid, and the remainder

reoxidized in the mitochondria zerobically. If the

High intensity exercise has resulied in the
production of laectic acid (1%, 25), which inhibits
the mobilization of free fatly acids or the activiiy
of glycclytic enzymes such as lactate dehydrogenase

and phosphofructokinase (4: 932-6). Astrand and

.

Redanl (1977) recommended that at least one hour was

weeded between high intensity events to permit lactate

D
3

3
o

s

removal from the body to be completed (2: 131
The remcval of lastic dcid after intense exercise,

through a successful recovery technigque, may therefore,
be critical for the resumption of subseguent anaerobic

exercise, particalariy during athletic competition

Training has often been reporied to increase
an athlete's capacity to produce lact acidéd during
maximal exercise., This greater production of lactic
acid has been associated with increased maximal work
*"qul+J and a delayed cneet of fatigue, It could
therefers be deduced that lactic acid may not be the

cause of fatigue (3: 184-7).
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However, untrained subijects in studies that

<

training effect on maximal lactic acid

showed

o

accurmulation were inadeguately metivated to continue
working, and the training e¢ffect was due te an
improved motivation tc¢ continue in the face of

.

increasing disconfert. Accordingly. there zre two
explanations to any training effect on maximal lactic
acid accumulation., First, training either improved
motivation, or a tolerance to lactic acid, or secondly,
more lactic acid can be produced in a corditioned
athlete as a result of the greater steres of glycogen
vailable during anaerobic breakdeown {2: 538-602),
It has been shown that hlood lactatle levels
are reduced Taster il moderste aerobic exercise
were performed during the recovery period (3, 9, 10,
23, 32, L0O). Proponents of active recovery believed
that this augmented "total recovery,"” because of the
increased heari rate and oxygen uptake (28: 153-61).
Sharkey (36: 26~30) has stated that the
total anaerohic system was essential to the compet-
itive nature of spert in society today. Weltman et
al {(1977) have investigated the effects of different
recovery vatisrns on lactate removal and subsequent

performence (Lds 78£-95), It 2ppears that little

xnovn zbout recovery from maximal intensity
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anaerobic. activity utilizing arm work as the

criterion exercise.

The primary purpose of the study was to
investigate the efiects of recovery techniques upon
the level of -iooe-kautatn following ugr"raalmal
anaerobic arm ergoemetric work. A gecond purpose
was to invesgtigate the effects ol blood lactate
levels upon subsequent supramaximal anaerchic arm
ergometric work. A third purpose was to analyze the

fecte of recovery technig

ues upon subsequent

svpramaximal anaercbic arm ergometric work,

. ) Definition of Terms

Anserobic Metabolism -~ Anaerobic metabolism referred

to the chemical interaction without oxygen, for the
production of energy during exercise in the skeletal

muscles,

lactate - Lactate was the fatiguing metabolite of - the
lactic acid system, resulting from the incomplete

o

breakdown of glucose.

Suprapaximal Performance- -~ Supramaximal performance

~

wag defined as a2 maximum voluntary effort of pedaling

an arm ergometer for cne minute for the purpose of

accumulating as many pedal reveclutions as possible.
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Nine unconditioned femsle students at

Jriversity completed four experi-
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mental conditionz on separate days. During each

£ <

experimental condition, each subject completed two

[

teste of supramaximal anzercbic azrm ergomster work;
each test was separated by one of four recovery
techniques, Blood samples for the purpcse of deter-

ach -

[

mining lactic acid were taken four times during
experimental condition. Heart rate and cumulative
pedal revolutions were recorded by ten-second

intervals during each experimental condition.

Limitations

Due tc the unanticipated problem of collapsed
bleod vessels, three subjects did not complete all
four experimental conditions. While maximum effort
waz asked for during all anserobic performances, il was
possible that some subjects did not give maximuwm

affort.



CHAPTER I
REVIEW OF RELATED LITERATURE

The review of related literature was

d
inte the following subheadings: studies related to

-l

A,

lactate accumulation as the cause of musculay fatigue;
studies related to the optimal recovery patterns for
lactate removal; studies related to the effects of
fiber types upon lactate removal; siudies related to
lactate relezse from muscles; studies related to the
importance of body organs in lactate removal; and
studies related to other factors affecting lactate
removal z2nd subsequent performance.

es Related to Tactate Accumulation
s the Cavee of Muscular Fatigue

[

Studi
&

The theory that lactate acid accumulation in
the muscles limits muscular performance has been widely
held since 1935 (3., 18, 22, 31). However, there have
been recent questions related to this theorv.

Lamb (1978) stated that lactic acid accumulation

m

was related to the intensity of the work load and that
lactic =2c¢id levels were usuzlly nigh during exhausticn
(31: 18%-7). However, Hultman et al {1973) showed

that the totz2l) amount of lactic acid accumulated was



not greatest at the time of fatigue, but at approxi-

mately 50 percent of maximal voluntary contraction,

which can be held for 90 to 100 seconds (20: 113-25).
Hultman et al (1973) argued thai training has

been reported to increase a subject'ls capacity.to

produce lactic acid during high intensity exercise

x
1]

a resuly, a greater production oif laciic acid was
associated with an increase in work capacity., and a
delayed onset of fatigue; Therefore, lactic acid accu-
rulation may nct be the cause of muscular fatigue

(20: 113-25).

Lamb {1978) suggested that wmany young and old

subjects experience fatigue earlier in endurance active
ities than subjects between 20 and %0 years of age who
have been shown tc have lower lactic acid levels in
their blood at exhausticm, Although it may be
conceived that there may be some aging effect upon
muscular sensiiivity to lactic acid, a moire practical
explanation may be that lactic acid was not the cause
of fatigue (31: 134=7).

Studies Related to Optimal Hecovery
Patterns ior Lactate removal

There have been two studies investigating optimal
recovery pattu“nv from maximal exercise (26, 27).
Numerous studies have indicated that lactate removal

was erhanced Jduring moderate aerobic activiity, as



co

opposed te a passive recovery (4, 6, 9, 10, 16}, 1In
addition, Belcastro and Bonen (1975) sieted that when
recovery exercise was intermittent the lactate removal
was faster than at rest, but slower ihan during
continuous recovéry exercise (4: 176-78).

Katch et al {(1978) investigated active versus

ve recovery from short term supramaximal exercise,

ol
)
(0]
n
'—lo

The analysis of gross VOZ and heart rate recovery data
for the active and passive conditions revealed statis-
tically significant dii'ferences in the ansiysis of
gross V02 with the active recovery scores being higher.
The conclusion was drawn that the more oxygen made
available during active aerobic recovery, the greater
the lactate removal (28: 153-61).

Weltman et al (1977), in a study on the effects
of different recovery patterns from high intensity
short duration exercise on lactate removal and subse-
guent exercise, revealed significant differences., The
20 minute active recovery resulted in significantly
higher post-recovery revolutions {p«.001) and enhanced

rates of lactate removal during recovery (40: 786-95).

Similar observaticons were concluded by Karlson and
Saltin (27: 598-£02).

Studies Related to the Effects of Fiber
Tvpes Upon lLactate Removal

™ studies by Bonen and Belcastro (4, 6),

significant differences in lactate removal rates among



9
subjects have been observed. Bonen and Beglcastro
(1976) prop séd tﬁat such differences were related to
the slow~twitch fiber cempositicn of skeletal muscles,
since slow~twitch fibers have a greatver relative

ctivity o the heart specific isozymes of lactate
dehydrogenase (&: 176=-78). Ivy et al (1980) stated
that when there was a greater proportion ¢f slow-twitch
fibers the removal of lactate from the blood greatly
accelerated, particularly during active reccvery
exercise (27: 523-7). Similar conclusions were made
by Bonen et al (7: 160-62).

Tesch et al {(1978), in a study on muscle faﬁigue

and its relation to lactate accumulation and lactate

r"

denyrogenase activity irn man, concluded that lactate o3

w'-a

associated pH changes primarily in fast-twitch fibers
could be one factor responsible for impaired muscle
function (38: 413%-20). Tesch (1978) found & signifi-
caut relationship between lactic acid concentrations
and performance times (r=.76), The conclusion made
suggested that the high ability to form lactate may
have been o2ne contributing ractor to anaercbic

performance capacity (37: 373-4).

Studies Related to Lac
from the mMusclie

s

McGrail et al (1978} suggested that the quantity

of active muszle controllied the raite of lactate removal



10
in man (32: 89-97). Belcastioc znd Bonen (1975)
verified this statement in a study which found the
optimal disappezrance of blood lactate was significantly
faster during running than cycling (4: 932-36).
Similar conclusicne were made by Hermansen and
Stensvold (l6: 191-201).

Jorfeldt et al (1978) demonsirated +that lactate
release by the muscle was impaired at high work loads,
whereas this did not occur during light cr moderate
exercise. It was therefore suggested that a similar

relationship might exist in lactic acid uptzke by the

o
blood (25: 350-52). Hermansen and Vaage (1977) did
find significant results which indicated that blocd
iactate was impaired during hign work loads (17: EALZ2-

B

E429).

Studies Related to the Imporiance of
Body QOrgans in Lactate Removal

Davies et al (1970) demonstrated the importance
of the liver in the eliminztion of lactate during
exercise (9: 135«£1), 1In addition tc the liver the
skelztal muscles and other organc were'capable of re-

moving lactate during musculzr werk (16, 21, 24, 30},

“ puscle could be minmicking an

active recovery (l: 718-23), and sceording to Bonen



et al (1978), the "resting" nuscl
ignificant proportion of the lactic acid in man

0-62).

0]
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Studies Related to ‘*her Fﬁr+owg Affec
Removal snd Subseguent Perform

Hagberg et al (1980) indicated that the mest
effective rate of lactate removal occurred between 30-
70% of the individual’s maximum oxygen uptake depending
on the condition of the individual (13: 218-24),.
Previous studies have made similar observations
(4, 6, 9, 11, 12, 13, 14, 40).

Weltman et al (1977) stated that the optimal
level of =zctive recovery in terms of metabolic lead
would depend upon the level of cenditioning of the
individual (40: 786-95). Similar observations were
made by Tibes et al (3G: 127-40).

Williams et al (1967) stated that the optimal
level of reccvery would be just below the anaercbic
threshold. A conditioned subject has a higher thresh-
¢ lé wvalue and should be capable of actively recovering

+ 2 higher metabolic load before reaching anaercbic

Y]

threshold (41: 138-23).

Klausen et al (1972), in a study on the effecis

h.-

of pre-exisiing high blood lactate concentrations upon
maximal exercise performance, proposed that the

existence of high tlcod lactate concentrations prior
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did not affect vnz max. However
it could inhihit further lactate preduction in the
exercising muscles (29: £415-19),

Astrand and Rodanl (1977) stated that one
hour or more was nseded for recovery bafore resting
lactate values were reached {(Z: 313). tHowever,
wWeltman et al (1977) found that considerable less
recovery time was necessary to obtain initial exercise
performance values. The data suggested that while
active recovery resulted in increased lactate removal,

other factors were available to allow for subsequent

performance (40: 786-95).
Summary

The primary purpose of the study was to
investigate the effects of recovery techniques upon
blocd lactate levels following supramaximal arm
ergowetric work., The related literature showed that
eight studies Tound lactate removal could te enhanced
by utilizing an active recovery.

The second purpecse of the study was to investi-
gate the effects of blood lactate levels upon supra-
maximal arm ergometric work. The related lifterature
showed that only one study had looked at the effects
of blood lactate levels upon subsequent anaerobic

exercise. However, thirteen studies stated that cother



factors were involved to allow for subsequent perform-
ance.
The third purpese of the study was to investi-

gate the effects of recovery technigues uporn subseguent

6]
e

imal anzerobic arm ergemstric work. The

o4

supramax

1

related literature showed that only one study had
investigated the effects of recovery techniques upon

subseguent znaercbic performance.



PROCEDURES

Nine females at Appalachian State University,
Boone, North Carolina, veolunteered as subjects to
complete four experimental conditions during the 1981
Spring Semester. Each sutject completed two tests of

supramaximal arm ergometric work during each experi-

mental concdition which was separated by cne of four

recovery patterns. Bloocd samples for the purpose of

~

determining lactate concentrations were taken four

-

times during each experimental condition. Heart ra

‘u

and cumulative pedal revolutions were recorded in ten

second intervals during all anaercbic performances.

Seiection of Subjects

A random sampling by computer was initiaily
used to select subjects., However with the lack of
nurmters, nine femalezs at Appalachian Stzte University
volunteered as suvjects t9 complete four experimental

conditions, A consent form was signed by each subject

prior to testing. (See appendix A).

o

14



All testing procedures were carried out under
medical supervision in the Human Performance Laboratory
at Appalzchian State University. Subjects were asked

to report to the Human Performance Laboratery in locse-
fitting clothing and running shoes only. (See appendix
B), At the commencement of the first session, data
characterizing subjects were recorded. data which
included: age, height, weight, and predicted %02 max.,

(See appendix C).
Bguipment

Monark Arm Ersomneter

B

The Monark Arwm Ergometer® was used to obtain
desired work loads during anaerobic exercise and during

the zctive recovery patterns.

Metronone
A Frariz metronomef was used to set the corresct

revolutions rer minute during the aciive recovery patterns.

i

Monark Arm Ergometer may be purcha sed from
Quinton Instruments, 2121 Terry Avenue, Seattle,
Washington §8121.

# Metronome, model no. LM~-F3-4, may be purchased

from Franz Manuf acturlncr Company, Inc., Printers Lane,
South Boulevard, New Haven, Connecticut 06519,
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Stepwaich
A stopwatéh was used to time specific intervals
of werk and rest in the study.

Cumulative Revolution Recorder
and llicroswitch

7

The Hezth Servo Kecorder® and the microswitch
were used to record the number of reveolutions made
during initial and subsequent anaerobic periormance.

Procedure for Preparation of Subiect
for Collection of Blood Samples

All subjects were prepared for collecting

blood samples by two gqualified nurses,

1. A surface vein on the anterior side of the
forearm was determined as the most suitable
site for collecting blood sampies.

2. The wein was sought by applying a tourniquet
around the upper a2rm,

3. A butterfly clip was inserted into the wvein

and secured to the forearm.

* Hezath Servo Recorder, model no. EUW~20A, may be
purchased from Denton Harhour, Michigan.
a Micrecswitceh, model no. BZ-2RW82-A2, may be

purchased from Brownell Electrc, Inc., 5141 Belhaven
Blvd., Charlotte, North Carolina  28216.

7 Venipunctiure Procedure Kit, model no. 2487, may
be purchased from Abbott Laboratories, N, Chicago,
Illinois 40064,
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All blood samples for ezch experimental
condition were taken by insertion of a
syringe into the butterfly eclip.

Procedure for Supramaximal
Anaerobic Testing

Prior to commencement of testing, each subject

was seated at the arm ergometer, and adjustments were

made to the height of the seat and distance from the

ergometer,

Subjects were ccnnected to a three~lead

electreocardiogram for monitoring heart rate.

1.

Eech subject completed an initial cne-minute
all-out anaerovic test on the arm ergomeler
at a resistance of itwe kiloponds.

At the completion of the initial exercise
bout, subjects rested for a five-minute
latent period, followed by one of four
recovery patterns.

After completion of the recovery period, the
subjects underwent a subseguent all=-out
anzerovic test at a resistance of two kilow-
ponds,

Procedures for Passive and Active
Recovery Patterns

Upon ccempletion of each initial bout of supra-

maximal sxercise, each subject wzs involved in one of



00)

bt

he following recovery vatterns:

vein on

Experimental Condition One: Active Recovery =~

The subject pedaled an arm ergometey at £5

3

evolutions per minute with ,5 kiloponds

esistance Tor ten minutes.

r.‘

Experimental Condition Two: Active Recovery-

o

The subject pedaled an arm ergomeiler at 25
revolutions per minute with .5 kilceponds

resistance for five minutes.

Expverimental Condition Tnree: Passive Recovery=-

%)

g}

The subject sat quietly at the arm srgometer

for ten minutes.

Experimental Coénditicn Four: Passive Recovery-

The subject sat guietly at the arxr ergometer

for five minutes.

Procedure for Collecting Bleood Samples

One milliliter of bloeod was drawn from a surface

the anterior side of the forearam four times

during each experimentzl condition undergone by the

subject.

: 4 The bloed samples were drawn at the foliow=-

ing intervals:

(a) prior to the initial exercise t3

jod

bou
(v) five minutes following the initial
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Xerclise hout;

[0}

immediately after the recovery pericd;

(4]
~

_— o~
£
o

five minutes following the subsequent

exercise bout.

-t

2. Each blood sample was immediately added to

4
o
Ay

a test tube containing two milliliters of
seven percent perchloric acid and shaken
vigorously for 30 secoends.®

3. Samples were kept in ice for approximately
two hours before being assayed for lactic

acid.

Procedure for Recording Heart Rates

Heart rate readings were recorded as s precau-~
tionary measure every ten seconds during the initial
and subsequent maximal anaerobic performances. Subjecis
were prepared for electrccardiogramﬁ readings in the
following manner: ;

1. Subject should be rested in a supine position

priox tu preparztion for electrode placement,
2. The fifth or sixih rib on both sides of the

chest were marked, as was the sternum.

———

* Supermixer, catalogue no. 1290, m2y be purchased
from Lab-Line Instruments, Inc., Melrnse Park, Illinois
601¢1.

ra electrocardiogram, model no. EK4, may be purchased

2
rom Burdic ¥ tion, Milton. Wisconsi 3563.
from Burdick Corporati Milton, Wisconsin 53563



3, The surface area wes c¢leaned in a circular
moticn with cotton wool and Aedux paste to
remove the first subcutaneous layer of skin.

4, A cleaned lead slectrode was attached with

an adhesive patch to the prepared surface

5. Once electrodes were placed on skin, a pre-
amplifier was attached to the subject's
back.

6. All e&lectirode connecticns were brought cover
subject's shoulders after having been
attached to either the sternum or rib cage.

T Excegs wire connections were secured to the
body using adhesive tape.

8. An elastic bandage was wrapped around the
subject's torso to secure preamplifier and
wires.,

9. The preamplifier was then connected to the
electrocardiogran.

Procedure for decording Cumulativ
Yedal revolutions

Cumulative pedal revolutions were recorded on
charted paper every ten seconds during the initial and
subsequent maximal anaercbic performances. {(See appendix
D). Revolutions were monitored by a microswitch

activated by each pedal revolution, subsequently



recorded on & revoluticon counter attached to a

kymograph.

Procedure for
for la

ix - Blood

The samples were chilled for approximately two

-

hours, then placed in & safetly centrifuge equipped

with 2 sensimicrohzad (for 12 = 100 mm test tubes), and
centrifuged et 100C revolutions per minute for ten
minutes.* A .2 milliliter of clear supernatant was
added to 2.8 milliliters of enzyme soclution. The super=-
natant was assayed for lactic acid using the commercial
kit described in Sigma Bulletin No. 826uW.U.f' The
supernatent was incubated zt rcom temperature for one
hour to allow for enzyme activity. Samples were placed
in a spectophotometef#; and zbsorbance values were read
at the A340 level, Readings wers computed by comparing
the absorbance values with values for standard lactic

lutions utilizing the normal curve, and recorded

grams percent. {See appendix F).

e

=

g

e

|

= O
'_lc

% A Flescher Safety Centrifuge, odel no. IEC, may
be purchased from International Eg

Heights, Maryland 02194,

# Refer to Appendix E for preparation of testing
solutions.

§~ Spectophotometer, mcdel no. Speu“ronic 21, may
e purchased frem Bausch and Lemb Analytical Systems

Divigion, Rochester, New York 14625,
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Analvsis of Date
£ L5 R

P

After preliminary investigation the criginal

,Jo

linear statisticazl model was found to be inappropriate

H
H

or the data collected, due to the withnin variance of

ct

he subjects; thus an alternative method utilizing
scatter plot graphs was used. The analysis of mean
values for plecod laciate concentrations during four
experimental conditions was illustrated through the
use of scatter plot graphs to compare: experimental
conditions one and three; experimenial conditions two

and four:; experimental conditions one and two, and

experimental conditions three and four.

=

The analysis of mean values for cumulative pedal

» experimental conditions was

-

revelutions during feous

iilustrated through the use of scatter plot graphs

to compzre: initial and subsequent mean verformance
scores during experimental conditicon one; initial and
subsequent mean performance scores during experimental
condition two; initial and subsequent mean performance
scores during experimental condition three, and initial

and subsequent mean performance scores during

experimental conditicn four,



CHAPTER 1V
PRESENTATION AND ANALYSIS OF DATA

The purpose of the study was 1o investigate the
effects of recovery patterns upon blood lactate concen-
trations following supramaximal anaerobic arm ergo-
metric work. A second purpsse was to investigate the
effects of blood lactate concentrations upon subseguent
supramaximal anaerobic arm ergometric work. A third
purpose of the study was to investigate the effects of
vecovery patterns upon subseguent supramaximal anaerobic
arm ergometric work,

Nine females at Appalachian State University
volunteered as subjects to complete four experimeﬁtal
conditions. Each subject completed two tests of
supramaximal arm ergometric work during each experimental
condition, separated by one of four recovery patterns.
Blood samples for the purpose of determining lactate
concentrations were taken four times during each
experimental condition. Heart rate and cumulative

pedal revelutions were recorded by ten second intervals

during 21l anzerobic performances.



Levels During Experiment:
Conditions COne and Three

An_An=lysis_of Rlood Lsctatg
3

In comparing vlood lactate levels curing experi-

mental condition one (a2 ten-minute active reccvery

I

;tern) and experimental condition three (2 ten-minute

’a

passive recovery patiern) it was observed that prior

to exercise, lactate levels were 11.49 milligram percent
and 14,08 milligram percent respectively. After the
initial exercise bout, blocd lactate levels rose to
92.09 milligram percent for subjects performing experi-
mental condition one, and 77.33 milligram percent for
subjects performing experimental condition three.
Following the recovery period; blood lactate levels
dropped to 65.04 milligram percent for subjects per-
forning experimental condition cne, and 55.86 milligram
percent for subjects performing experimental condition
three. After the subsequent exercise bout, blood lactate
levels rose %o G7.12 milligram percent for subjects
perforning experimentszl condition one, and 127,48
willigram percent for subjecte performing experimental
condition three., It was observed that an interzction
occurred bhetween the two experimental conditions, after

the subsequent anaercbic exercise bout, as can be seen



Fig. 1. The Mean Yalues for-Bleod
tions During Zxperimental ¢
and Three
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In comparing blocd lactate levels during experi-
mental condition two {a five-minute active recovery
pattern) and experimental condition four (a Tive-minute
passive recovery pattern), i1t was observed that prior
to exercise, lactate levels were 8.9)1 milligram percent
and 9.66 milligram percent respectively. After the
initial exercise bout, blood lactate levels rose 10
08.49 milligranm percent for subjects performing experi-
mental condition two, and 101.04 milligram percent for

subjects performing experimental condition four.

2
ol

Following the recovery period, blocd lactate levels

“

rose to 99.21 milligram percent Tor subjects performing

4]
(p

XD

il

rimental condition two, and dropped to 90,40

igram percent for subjects performing experimental

=)
tie
3

ndition four. After the subsequent exercise bout,

(g
Q

tlocd lactate lsvels rose to 110.79 milligram percent
for subjects performing exrerimental condition two, and
148,08 milligraw percent for subjects performing experi~
mental condition four., An observed interaction occurred
beiween the two experimental conditicns after the
recovery reriod.  An even larger interaction cccurred

after the cubseguent anzerohlce exercise bout, as car

be seen in Figure 2,
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In comparing bloeod lactate levels during experi-
mental condition one (a ten-minute active recovery

pattern) and experimental condition twe (& five-minute
active recovery pattern), it was observed that pricr
to exercise, lactate levels were 11.49 milligram percent
and 8.91 milligram percent respgectively., After the
initial exercise bout, blood lactate levels »rnse to
92.0¢ milligrem percent for suojects pexrforming experi-
mental condition one, and 98.43% milligram percent for
subjects perferming experimental condition two. Follow-
ing the recovery period, blood lactate levels dropped

to €5.04 milligram percant for subjecis perferming

experimental condition one, and rose to 99.21 milligram
percent for subjects performing experimental conditior
two. After the subseguent exercise bout, blood lactate
levels reose to 97.12 milligram perceht for subjectis
performing experimental condition one, and 110.79%9
milligram percent for subjects performing experimental
condition two. A large interaction occurred vetween
the two experimental conditions arter the recovery
period. A smaller interaction occurred after the

subsequent anaerobic exercise bout, as can be seen in

Figure 3.
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Fig. 3. The Mean Values for Elcod Lactg;a Uonceqtratiozs
buring kxperimental Conditions Une and Two,
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In comparing blood lactate levels during experi-
mental condition three (a ten-minute pacsive recovery
pattern) and experimental condition four ( a fiv
minute passive recovery pattern), it was observed that
prior to exercise, lactate levels were 14.08 milligram
percent and 9.6% milligram percent respectively. After
the initial exercise bout, blood lactate levels rose

77.33 milligrem percent for subjects performing
experimental condition three, and 101.04 milligram

percent for subjects performing experimental condition

four. Following the recovery pericd, bleod lactate
levels dropped tc 5£.86 milligram percent for subjecis ‘
performing experimental condition three, and 90.40

milligram perceant for subjects performing experimental

condition four. After the subsequent exercise bout,
blood lzctzate levels rese tc 127.48 milligram percent
for subjects performing experimental condition three,

verforning

U]

and 138.08 milligram percent for subjec
experimental condition four. It cculd bte seen that
interactions occurred between the two experimental
conditions, after the initial anzerobic exercises bcut,
and following the recovery neriod, as can be seen in

Figure 4,
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An_Anz2lysis of Initia’
Subsequent Performa
During Experimenta.

Ong

In analyzing cumulative pedal revolutions {(CPR)
for experimental condition one, 2 ten-minute active

1
i

recovery pattern, it was observed that zl ten seconds

iich
of exercise the mean performance scores were 27.33 CPR
during the initial exercise bout. and 27.0 CPR during
the subsequent bout. At 20 seconds of exercise, the
mezn rerformance sceres were 49,23 CPR during the
initiezl bout, and 50.57 CFR during the subsequent bout.
At 30 seconds of exsrcise, the mean performance scores
were 67.86 CPK during the initizl bout. and 70.43 CPR
during the subsequent bout. At LC seconds of exercise,
the mean performance scores were 083.0 CPrR during the
initial bout, and 37.57 CPR during the subseguent bout,
At 50 seconds of exercise, the mean performance scorss
were 26.28 CPR during the initial bout, and 102.58 CFR

during the subseguent bout. At 60 seconds of exercise,
the mean periarmance scores were 108,00 OPR durirg the
initial bout, and 115,86 CPR during the subsequent
bout. It was observed that interactions occurred at
LO, 50, and 60 seconds during exercise in experimental

conditicn one, as can be seen in Tigure 7.



A
s

Orl (S

tion

dit

$35

1
s

mmmsoowmv SUWTY,

09 0% 07 0¢ 0Z. - Ol

A

ancqg jquanbasgns - - ¢ o . -

300G TRT4TUT = = X ~ = X

(vao 0°¢8)
\\\\\%\ (MaD L5°48)

”~

(Y30 82°96)

(¥an 0°801) (¥40 86*¢0L)

\w\\ (V40 98°GL1L)

01

06

oL L

Oc L

001

0

sATleTUUR

»

BUOTINTOADY



nf

un<rg:t~r P ; €0
L ring nb*1n~nbrL Condition
Two

A e

An_An=a 'l*r"j S

In analyzing cumulztive pedal revelutions for
experimental condition two, 2 five-minute active
recovery patterr, it was observed tnat at ten seconds
of exercise thz mean performance szcores were 28,85 CPR
during the initial bout, and 24.71 CPR during the
subsequent bout. At 20 seconds ¢i exercise, the mean
performance sceres were 47.71 CPR during the initial
beut, and 4€.63 CPR during the subseguent bout. At
30 seconde of exercise, the mean verformance scores
were 65.71 CPR during the initisal bout, and 65.0 CPR
during the subsequent bout. At 40 seceonds of exercise,
the mean performance scores were 81.41 CFR during the
initisl bout, and 80.86 CPR during the subsequent
bout. At 50 seconds of exercise, the mean performance
scores were 95,43 CPR during the initial bout, and 95.0
CPR during the subsequent bout. At 6C seconds of
gxercise, the wmean performance scores were 108.14 CFR
guring the initizl bout, and 107.86 CPR during the
subsequent bout. It appeared that no interactions
occurred during exercise in experimental condition twe,

as can be seen in Figure 6,
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In analyzing cumulative pedal revolutions for
experimental condition three, @ ten-minute passive
recovery pattern, it was observed that at 10 seconds
of exercise the mean performance sceres were 30.71 CPR
during the initial bout, and 31,14 CPR during the
subseqguent bout. At 20 seconds of exercise, the mean
rerformance sceres were 54,71 CPR during the initial
bout, and 56.0 CPR during the subsequent boui. At 30
seconds of exercise, the mean performance scores were
75.587 CPR during the initial bout, and 76.43 CPR during
the subsequent bout. At 40 seconds »f exercise, the
mean performance scores were 94,0 CPR during the initial
bout, and 95.15 CPR during the subseguent bout. At
50 seconds of exercise, the mean performance scores
were 110.29 CPR during the initial bout, and 112.29 CPR
during the subsequent bout. At 60 seccnds of exercise,
the mean performance scores were 124.473 CPR during the
initizl bout, and 127.42 CPR during the subsequent
bsut. A smail interaction occurred at 60 seconds of

exercise during experimental condition three, as can

be seen in Figure 7.
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In enalyzing cumulative pedal revolutions for

on four, a five-minute passive

e

experimental condit
recovery pattern, it was observed that at 10 seconds

ot exercise the mean performance scores were 26.57 CPR
during the initial bout, and 29.28 CPR during the
subseguent bout. At 20 seconds of exercise, the mean
performance scores were £C,57 CPR during the initial
bout, and 53.57 CPR during the subsequent bout. At

30 secends of exercise, the mean performance scores

were 71.43 CPR during the initial bout, and 74.43 CPR
during the subseguent bout. A1 40 seconds of exercise,
the mean verformance scores were V8,57 CPR during the
initial bout, and 92.43 CPR during the subsequent bout.
At 50 seconds of exercise, the mean performance scores
were 106.1%4 CPR during the initial bout, and 108.29 CPR
during the subsequent bout. At 60 seconds of exercise,
the mean performance scores were 120,86 CPR during the
initial bout, and 122,71 CPK during the subseguent bout.
An observed interaction occurred at 40 seconds of
exercise during experimental condition four, as can be

seen in Figure 8.
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FIMDINGS, DISCUSSION, AND
RECOMMENDATIONS

The purpose of the study was te investigate the

o

Lagtate concen-

@

fifects of recovery patterns upon bloed

trations follewing supramaximal anaerobic arm ergometric

gb-

work. A seccnd purpose was to investigale ihe effects
of blood lactats concentrations upon subscguent supra-
maximal anssrobic arm ergometric work. A third purpose
the study was to investigate the effects of recovery
vatterns upon subseguent supramaximal anzerobic arm
ergometric work. :
Nine females at Appalachian State Universiiy

3

volunteersd as subjects to complete four experimental

G

conditions. Each subject completed two tests of
supramaxinal arm ergometric work during each experi-
mentzl condition, separated by one of four recovery
patierns, Plood samples for the purpese of determining

lactate concentrations were taken four times during

ntal condition., Heart rate and cumulative

©
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pedal revolutions were recorded by ifen-second intervals

during 2l anaercbic performances.

<+

concentrations 2nd cumulative nzda . revolutlions ware
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trated through the use of scatteir plot graphs,

The findings in the study were as follows:
In comparing blood lactate levels during experimentzl
condition one (2 “en-minute active vecovery pattern)
and experimental ccondition three (2 ten~minute
passive recovery pattern), it wasg observed that
prior to exercise, lactate levels were 11.4G
nilligram percent and 14.08 milligram percent
respectively. After the initial exercise bout,
blood lactate levels rose to 92.00 milligram percent
for subjects performing experimental cenditicen ons,
and 77.33 milligram percent for subjects performing
experimental condition three. Following the recovery

periocd, bleod lactate levels dropped to £5.C4

g.

1ligram percent for subjects performing experi-
mental condition cne, and 55.86 ﬁilligram percent
Tor subjects performing experimental condition ihree.
Afier the subsequent exercise bout, blood lactate
levels rose to 97.12 milligram percent for subjecis

dition one, and 127.48

¢]
)
w3

performing expesrimental

(a

milligram percent for subjects performing experi-

mentzl condition three.

In comparing blood lactate levels during experimental

condition twe {(a five-minute 2active recovery pattern)



and experimental condition four (a five-minute

sive recovery pattern), 1t was observed that

(1‘!

pa

)1 milligram

A9}

pricr tc exercise, lactate levels were &,
percent and 9.66 milligram percent respectively.
After the initial exercise bvout, blood lactate
levels rose to 98.49 milligram percent for subjects
verforming experimental condition two, and 101i.0CL
milligram percent for subjects performing experi-
mental condition four., Follcowing the recovery
vericecd, blecod lactate leve rose to 99.21 milligram
pzrcent for subjects performing experimental
cendition two, and drovred to 90,40 milligram
percent for subjects performing experimental condi-
tion four. After the subseguent exercise bout,
blood lactate levels rose %o 110.79 milligram
percent for subjects performing experimental
condition two, and 138.08 milligram percent for
subjects performing experimental.condition Tour.

In comparing blood lactate levels during experimental
condition one (a ten-minute active recovery pattern)
and experimentzl condition two (2 five-minute active
recovery pattern), it was observed that prior to
exercise, lazctate levels were 11.49 milligram per=-
cent and 8.91 milligram percent respectively., After
the initial exercise bout, blood lactate levels rose
to 92.09 milligram percent for subjects performing

experimental condition one, and 98,49 milligranm



L

percent for subjects performing experimental
condition two. TFellowing the recovery period,
blood lactate levels dropped to 85.04 milligram
percent for subjacts performing experimental
condition one and rose %o 99.21 willigram percent
for subjects performing experimental condition two,
After the subseguent bout, blecod lactate levels
rose to 97.12 milligram percent for subjects per-
ferming experimental condition one, and 110.79
milligram percent for subjects performing experi-
mental condition two.

In comparing blood lactate levels during experi-
mental condition three (a ten-minute passive
recovery patiern) and experimental condition four

(a five-minute passive recovery pattern), it was

observed that prior to exercise, lactzte levels
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were 14.08 milligram ypercent and 5.6

Lde
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percent respectively. After the niti
bout, blood lactate levels rose to 77.33 milligram
percent for subjects performing experimental
condition three, and 101,04 milligrzm percent for
subjects performing experimental condition four.
Following ihe recovery pericd, blood lactiate levels
dropped to 55.86 milligram percent for subjects
verforming experimental condition thres, and 90.40

milligram percent for subjects performing experi-

mental condition four. After the subseguent



‘mean performance scores were 83.0 CPR during the

exercise bout, blocd lzctate levels rose o 127.48
milligram percent for subjects performing experi-~
mental condition three, and 138.08 milligram percent
for subjects performing experimental conéition four.

A
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In a2nalyzing cumulative pedal revolutions (CPR
experimental condition one during a ten-minute

active recovery pattern, it was observed that at

10 seconds of 2xercise, the mean performance scores
ere 27.33 CPR during the initial exercise bout,

and 27.0 CPR during the subsequent bout. At 20

ercise, the mean performance scores
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o
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were 49,43 CPR during the initial bout snd 50.57

CPR during the subsequent bout. At 30 secends

J3

of exercise, the mean performance scoras were 67.3¢&

CPR during the initial bout, and 70.43 during the

subsequent bout. At 40 seconds c¢f exercise, the

initial bout and 87.57 CFR during the subsequent
bout. At 50 seconds of exercise, the mean perform-
ance scores were 96.28 CPR during the initial bout,
and 102.58 CPR during the subsequent bout. At €0
seconds of exercise, the mean performance scores
were 108.0 CPR during the initial bout, and 115,86
CPR during the subsequent bout,

In analyzing cumulative pedal revolutions for

experimental conditicn twe, a five-minute active
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recovery pattern, it was observed that at ten
seconds of exercise, the mean performance scores

ere 28,8% CPR during the initial bout, and 24.71

-

=

CPR during the subsequent bout. At 20 seconds of

exercise, the mean performance scores were 47.71
CPR during the initial bout, and 46.63% CPR during

the subseguent bout. At 30 seconds of exercise,

-t

the mean performance scores were 65.71 CPR during
the initial bout, and 65.0 CPR during the subsequent
bout. At 40 seconds of exercise, the mean perform-
ance scores were 81.4%1 CPR during the initial bout,
and 80.856 CPR during the subsequent bout. At.SO
seconds of exercise, the mean performance scores
were 95.43% CPR during the initial bout, ané 95.C
CPR during the subsequent bout, At 60 seconds of
exercise, the mean performance scores were 108.14
CFR during the initial bout, and 107.85 during the
subgegquent bout.

In analyzing cumulative pedal revoluticns for
experimental condition three, a ten-minute passive
recovery patitern, it was observed that at ten
seconds of exercise, the mean performance scores
were 50.71 during the initial bout, and 31.14 CPK
during the cubscquent bout. At 20 seconds of
exercise, the mean performance scores were 54.71

=)

CPR during the initial bout, and 56,0 CP{ during



the subsequent bout, AL

the mean performance scores

the initial bout, and 76
bout. At 40 seconds of

ores were 94.0 CPr dur

19}
Q

95.15 CPR during the sub
of exercise, the mean peri
CPR during the initial b
the subsequent tout. At
mean performance scores

irnitial bout, and 127.42
bouv,

In anaiyzing cumulative

mental condition four, =z
pattern, it was obsexrved
exercise, the mean perfo
during the initial bout,
subsequent bcut., At 20

mean performance sScores

initial bout, and 53.57

seconds of

bout. At 30

scores were T71.43% CPi dur

T4.4% CFPR during the subse

of exercise, the mean pe
CPR during the initial b
the subsequent bout. At

the mean perfcrmance sco

%0 seconds of exercise,

were T95.57 CFR during

4% OFr during the subsequent
exercise, the mean performance
ing the initial bdeut, and
sequent bout. At 50 seconds
riormance scores were 110.29
out, and 112.29 CPR during
60 seconds of exercise, the
were 124.4% CPR during the

CPR during the subsequent

o

pedal revolution for experi-
five-minute passive recovery
that at ten seconds of
rmance scores were 26.57 CP
and 29,28 CPr during the
seconds of exercise, the
were 50,57 CPR during the
CPR during the subsequent
exercise, the mean performance
ing the initial tout, and
quent beut. AT 40 seconds
rformance scores were T78.57
out, and S2.43 CPR during
5C seconds of

exercise,

res were 106,14 CPi during




the initizal bout, and 108.29 (PR during the subse-
gquent bout. At 60 seconds of exercise, the mean
performance scores were 120.86 CPR during the initial

bout, and 122.71 CPR during the subseguent bvout.

Discussion

e —

It had been accevpted that lactic acid in the
blood was increaszd as a result of muscvlzar exercise
(3, 19, 23). However, the significance of lactate
production during muscular exercise, especizally during
anaerobic exercisc has not been widely studied, Therc-
fore, it was the initial purpose of the study to
determine whether an active or passive recovery pattern
was better for dissipating blood lactate,

Several studies showed that lactate removal was
significantly greater when moderate exercise was performed
during recovery (3, 9, 10, 23, 32, 40). Support fer =
passive recovery was based on a stud& by Katch et al
(1978), which showed that a passive recovery resulted
in a faster net heart rate recovery, as well as an
increase in the rate of returm to the baseline level of
net oxyzen uptake (28: 153-61). In the present study,
a trend sppeared which favored passive recovery of a
shorter duration for dissipating lactic acid. However,
another trend emerged favoring active recovery patterns

of longer durations as being equal cr slightly better

4

L,

)

for the purpose of dissipating lactic ac



Ahlborg et al (1975), irndicated that during a
passive recovery. the resting muscles exhibited consider-

able metabolic activity. signif

icant glycogen loss
ported. There

and eleciromyographic activity were also re
fore, the "resting" muscle could be mimicking za2n active
recovery (l: 718-23), If this were the case, then
factors which had previouszly been contributed tc enhanc=-
ing lactate removal during an active recovery, would de
as significant in a passive recovery, but perhaps at a
lower intensity than the actuzl active recovery.

Sonen and Belcastro (1976) suggested that the
uptzke of blood lactate was greater in high oxidative
slow-twitch fivers, since suprameximal anaercbic
exercise recruits predominently low oxidative fast-twitch
fibers. Since lactate will continue to diffuse from
the muscle for a considerable pericd of time after
exercisze has been terminated, it was possible that the
lactate may not only have been taken up frem the
circulating blood by the high oxidative slow-iwitch
fibers, but also diffused directly from the low oxidative
fast-~twiteh fivers., In this way recruitment of the

fiters would have enhanced lactate removal

e
o+
(?

slow-twi
(6: 176=-73).

I1f lactate removal were critical for the resump-

=

tion of exercise, then recovery patterns in which lactate

removal was enhanced, subsequent performance should hav
peen sigrnificantly increased (40: 786~95). The
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present study found that there was not a noticeable
trend favering any one recovery pattiern for the purpose
of increasing work performance on a subseguent anzerobic
test. However, by increasing experimental recovery

times from five to ten minutes more lactate had
dissipated. A ten-minute recovery pattern would allcw
for enhanced tissue and glycogen regulation, and faster
energy phosphate resynthesis.

Furthermore, all recovery patterns, apart Irom
the five-minute active recovery, resulted in a trend
toward an improvement between initial and subsequent
anaerobic performance scores, even though bleood lactate
levels were elevated much higher for the subsequent
performance as compared to the initial performance. The
data therefeore did not tend to support the theory that
high lactate levels were detrimentzl tc subsequent
anaercbic performance. Lamb (1978) suggested that as
training had often been reported to increase an athlete's
capacity to produce lsctic acid during maximal work, this

greater production of lactic acid had been associated with

incressed maximal work capacity and sz delayed onset of
fatigue. It could therefore be deduced that lactic acid

may not be the single cause or fatigus (31: 184-87).
Although one hour or more for recovery has
previously been requirec before resting lactate levels

~

z2~13), considerably less time

-

were reached (2: 3

\

necessary to obitain pre-recovery exercise

13}

appecared to ©



0

performance scores for nigh intensity short duration

any of the four experimental conditions were capable

of reaching cor improving upon pre-recovery performance
scores, even with the increased levels of lactic acid
remaining within the body. This suggested that lactate
removal was not critical for subsequenti anzerocbic
performance, and increased lactate levels found in the
study did not affect subsequent anmerobic performance.
Therefore, fatigue during supramaximal anaerobic perform-

ance may be caused by other factors within the active

mascele .

Recommendations for Further Study

The followinz recommendations were made for

further study:

i. The same study could he utilized using a
larger sample of subjects so that results
could be analyzed statistically.

2. The study would bve further strengthened if

muscle bilopsles were taken in order to
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SUBJECT CONSENT T0 FROCLEDURE

) ) {(print name of subject),
hereby authorize members of the Appala¢hian State
University Department of H.P.E a‘.. end assistant

elected b* them, to 1“3Ln1qte' to me the physiecal
exercise and medical tests for analysis as
described in the following procedure:

t:i

Rach subject will complete four (4) tes
essions, each consistiing of:

ergometer.

1) A one-minute maximum, all-out test pedalling
an arm ergometer;
2) One of four exercise recovery patterns;:
3) A subsequent zll-out test on the arm
.C"
Lr

Durine each session, blood samples will be taken
by a gqualified nurse; before the initial test,
after the initial test, after recovery, and
after the subsequent test. The nurse will be
present during all procedures. In orvder to
monitor heart rate during testing, subjects

will be wired ‘to an electrocardicgram via three
electrodes,

I have been made aware o certain discomforts and
consequences with the procedures described. These
are the pain of the inzsertion of the nsedle for
drawing blood, and the pain of application and
removal of electrodes for the eleCLrOC"“dlogrum.
and soreness asscciated with these procesdures and
exercises,

1 have also been informed that ail-ocut exercise nay
constitute a risk of harm to persons with medical
or health problems; I certify that I am in good
health and have nc known medicsl or health problems
causing me to limit my physical activities.

I have understood the explanation of the procedures
and voluntarily agree to participate in this study,
eand I understand the following:

Each subject will need tc¢ be available to report
t0o the Human Performance Laboratory for four
sessions over a periocd of three weeks during



Q

59

Pevruary and March., Subjects will be needed
for a maximum of half an hour per session,
Monday~I'riday, 2:30-%:30 p.m.




AFPENDIX B

‘ch

ist of Pre-Exerc

e ~—a

se Requirements

Flease arrive at Human Performance Laboratory {in .
Varsity Cym), ready to commence testing.

Wear loose fitting clothing e.g. track suit, or
shorts and T-shirt, etc.

Do not wear nylon clothing.

Please do not eat three (3) hours prior to testing.
Do Q§§ exercise one (1) day prior to start of your
testing sessionsg, nor during testing.

Do not wezr any jewelry to testing session.



APPENDIX

G

Table Characteristics of Subjects
Subject Age Height Weight ?02 maz
(vrs) (ins.} (1bs.) (ml/kg/min)

1 L6 62 126 39
2 25 6l 119 35
3 2k €2 97 32
L 20 o2 123 73
5 22 65 132 40
6 21 63 1.04 49
7 23 o7 e 43
8 24 £1 GE 31
9 20 66 130 34
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APPENDIX E

Yreparation of Testing Solutiocn®

of the final volume,

¥Enzyme solution:

2 mls glycine buffer solution {(Sigma stock no., 826~3),
3.1 mls HZO'
0.1 ml enzyme (IDH-Sigma stock no. 826-8), was added

to an NAD vial (Sigma stock no. 260-110) containing

10 mg NAD.
Lactic acid standard stock:

1.0 ml of lactic solution (Sigma stock no, 826~10}.
3.5 mls of 7% perchloric acid.
Standards were prepared by diluting the lactic acid
stock with a dilutant.
Dilut
2 mls H,O0.
4
1 mi of NaF.

6 mls of 7% perchloric acid

#*Sigma chemicals may be purchased from Sigma Chemiczls,
Inc., P.0O. Box 14508, St. Louis, Missouri 63178.
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Master Data Sheet Identifying Subject Blceod Lactate
Levels Utilizing Four Recovery Patterns
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