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ABSTRACT
\ |

A large amount of. research attention has been given to the

observation that serum or plasma activity levels of creatine kinase (CK;.

E.C. 2.7.3.2) increase following exercise. However, an accurate picture
of this relationship is still not complete., . The purpose of this
investigation was_ to observe the effect of controlled isometric

exercise, at three selected intensities, upon the' post-exercise pattg\a‘i:

of total plasma CK activity.

Nine sedentary male volunteers, between the ages of 21 and 31 years,
participated in this study. On three separate exercise days, each
subject was requ1r€a to repeat a series of two-legged - isometric knee

extensions, under controlled conditions, at 10%, 30%, and 50% of his

pre-measured maximal voluntary contraction (MVC). In order that the
total impulse among each of the exercises was constant, the total number
of contractions varied, depending upon the amount of isometric force to
be exerted (i.e. 10% MVC x 105 contractioms, 30% MVC x 35 contractions,
and 50% MVC x 21 contractions). In all cases, contractions lasted for
10 seconds each, followed by a 20 second rest interval.

Blood samples were taken p?é-exercise post-exercise, 2, 4, 6, 8, 10,
12, 14, and 24 hours post-exercise. Totel plasma CK activity was
assayed in these samples by a photometric method.

The following was observed in this study:
1. Significant increases above pre-exercise levels in the total plasma
CK activity appeared following only the treatment intensity of S0L_MVC.

2. No significant changes in total plasma CK activity were found
following or between the treatment intensities of 10% MVC and 30% MVC.

3. The levels of total plasma CK activity rose significently above
pre-exercise levels as early as 4 hours following the 50% MVC trials. A
further significant increase, beyond the level of activity at &4 hours
post-exercise, occurred at the 12 hour point, and remained so for the
subsequent 14 hour sample. -

4. A significant interaction exists between the treatment intensity and

the time of sampling. Differences between the 50% MVC treatment and the
30% or 10% MVC treatment were not evident until 12 hours post-exercise.

.

In addition, it was” demonstrated that a small amount of exercise,
such-as that used in tHe present study,.-would evoke significant changes
in the measured total plasma CK activity, lasting for as long as 24
hours post-exercise. Also, the outlined experimental pre-test
conditions and screening procedure produced exceptionally good estimates
of, what appear to be, basal levels of total plasme CK activity, in each
individual. Such procedures would be recommended for similar research
which monitors total plasma CK activity.

-



: . CONTENTS -
DEDICATION / i ° -

ACKNOWLEDGEMENTS / ii
ABSTRACT / iii

Chapter I. THE PROBLEM
1.1 Introduction / 1
- 1.2 Rationale / 7
1.3 Statement .of the Problem / 8
1.4 Limitations / 9
1.5 Abbreviations / ¢

Chapter II. REVIEW OF RELATED LITERATURE

Introduction / 10

Creatine Kinase Iscenzymes / 11 -

The Functicnal Role of Creatine Kinase -/ 13

The Distribution of Creatine Kingse /[ 16

Creatine Kinase Activity in Human Sera / 17

Total Serum Creatine Kinase Activity and Exercise / 23
Exercise Intensity and Total Serum CK Activity '/ 24
Exercise Duration and Total Serum CK Activity / 26
Total Work Requirements and Total Serum CK Activity / 27
Physical Conditioning and Total Serum CK Activity / 29
Type of Exercise and Total Serum CK Activity / 33

The Time Course of Serum CK Activity Changes / 35
Muscle Characteristics and Serum CK Activity / 38
Possible CK Efflux Mechanisms / 41

The Process of Cell Injury Resulting from Reduced
Intracellular ATP / 41

*

RN RPN AN AR MR
WAL I RO R RS =
[N S VR S R NN bnﬁro}«

—

2.3.2 Cell Injury Resulting from the Trauma of Exercise / 46
2.3.3 THe Process of Muscle Regeneration / 49
2.4  Summary / 52 - -

Chapter III. METHODOLOGY
3.1 Subjects / 53
3.2 General Experimental Procedures / 53
3.3 Measurement of Maximal ¥oluntary Contraction (MVC) Strength /
57~
The Exercise Session Apparatus / 61
The Determination of Total Plasma Creatine Klnase Activity /
62 -
Assay Principles / 62
Assay Reagents / 63
Assay Procedures / 64
Calculation of Total Plasma CK Activity / 65
Statistical Analyses / 67

w W
TS

L L LW W
v Lh oL n
RN VU e



Chapter IV. RESULTS AND DISCUSSION
Results / 68
1 The Subject Group / 68 ’
2 The Maximal Voluntary Contraction Measuremcnts / 69
3

The Measurements of Total Plasma Creatine Kinase Act1v1ty /
71

4.2 Discussion./ 81

4.1
4.1,
4.1,
4,1.

Chapter V: CONCLUSION AND RECOMMENDATIONS
5.1 Conclusion / 87
5.2 Recommendations / 88

| 3%

-2

BIBLIOGRAPHY / 89
Appendlces
Appendix A: Informed Consent Foxrm / 97
4
Appendix B: Results of the Individual Maximal Voluntary Contractien
{(MVC) Tests and the Subsequent.Treatment‘Intensitics J 102

Appendix C: Individual Changes Measured in Total Plasma CK Activity
in Response to the Effects of Exercise Intensity and the Time of
Sampling / 103



. . L t of Figures N
e ot i \

Figure 1.1 A schematic diagram of the creatine phbsphhte (GP) pathway
for energy transport / 13 ¢

Figure. 3.1- Dlagram of the experimental apparatus (éxcluding 'th?r‘
recording apparatus) / 59 ) ‘

LY

Figure 3.2 A Schematic ﬁiagram of the Experimental Recording System / 60 -

a

-

Figure 4.1 Mean Total Plasma CK Activity Levels vs. Time / 73
List of Tables

Table 4.1: Mean MVC test results for—each of the thtee test days. 7 69
Table 4.2: Summéry of ANOVA with repeated measures, examining the
recorded MVCs over the,three test days. / 70 ‘-iEc-

Table 4.3: Results of the Tukey post-hoc comparisons for the effects of
the given day of the MVC test upon the measured MVC. / 71

Table 4.4: Mcans of the measured responses of total plasma CK activity
(U/1 at 37 deg. C.), to each of the given -treatment intensities, over
time. / 72 -

Table 4.5: Isolation of the pre-exercise total plasma CKX activity values
(U/1 at 37 deg. C.), from each of the three test days, to illuSEfate the
inter- and intra-individual variation. / 74

Table 4.6: Summary of an ANOVA with repeated measures on two factors,
examining the effects of exercise intensity and the time of sampllng
upon the measured toral plasma CK activity. / 75

Table &.7: ANOVA sumrrt‘ary table examining the sim;ple maf¥y effects of.
- exercise intensjgy and the time of szmpIikg upon the measured total
plasma CK-acEivity. / 76

Table 4.8: Results of the Tukey post-hoc comparisons for the simple main
effects of intensity at the 12 hour sample time. / 77

Table 4.9: Results of the Tukey gost-hoc comparisons for the simple main
effects of intensity 4t the 14 hour sample time. / 78

Table 4.10: Results of the Tukey post-hoc¢ comparisons for the szmple
main effects of intensity at the 24 ‘hour sample time. / 79 =

-Table *%.11: Results of the Tukey post-hoc comparisons for the s;mple
main effects of time at the 50% e intensity. / 80



Chapter |

. THE PROBLEM

1.1 Introduction ’ &

S

Creatine kinase ( CK; EC 2.7.3.2.) is an enzyme which.increases the
supply of high energy phosphate, as it reversibiy catalyzes the produc-

tion of phosphocreatine apd ADP from creatine and ATP. There are three

~

main CK iscenzymes, each of which is prin&ipal ¥, but not exclusively,

et

‘found .in different types of tissues; skeletal muscle (the "MM" form),

o

\" .
cardiac muscle éthe "MB" form), or brain tissue (the "BB" form). How-

- -

ever, it has been reported that variable amounts of CK also normally ex-

ist in the blood (Griffiths, 1966; McCormick, 1Y76; Priest et al., 1982;
[
i

Bais and Edwards, 1982). ) )

.

o

——

A-large amount of research attention has been given to the observa-
tion that total serum activity levels of CK increase following exercise.
Unfortunately, the precise mechanisms by which CK isocnzymes are re-

-

leased into the blood have not vet been firmly established. .-

A variety of approaches have been taken in past research in attempts
to determine the quantitative apd qualitative factors which result in,
or affect, high levels of serum CK activity. Although Sanders and Bloor
(19&5) suggest  that the measurement of-Eiyactivity is one of the most.

. 03 I3 3 M - I . ’ -
s%ggltlve indices of acute exercise stress, research findings, in sever-

al \areas, are yet far from conclusive.

-

1



Experiméntal studies have been done which supportrthe idea that exer-
cise-intensity is-a majqr inflée on increases in total serum CK ac-
tivity (Shapiro et al., 1973; Schwartz et al., 1971; Cernf and Haralam-
bié,.1§83; Tiidus and Ianuzzo, 1983)." These studies have indicated that
post-exercise'élevations in total serum CK activity have been higher af-~

ter high intensity exercise, as opposed to relatively lower intensity

exercise.

- \
Likewise, the effect of. exercise duration upon tanai serum CK activi-~
ty -has alsb been demonstrated ( Griffiths, 1966; Schnohr, 1974:; Riley et
al., 1975; Berg and Haréiambie, 1978). In the study by Berg and Har-
alambie (1978), serum enzyme activity increased in proportion to_the ex-

ercise duration, under particular conditions, and according to-the type

—

of exercise.

Studies which have been concerﬁed with the po;Sible eff;cps of the
total work reguirement on the post-exercise total serum CK activfrbaiﬁﬁ;_ﬁﬁ-‘
are few (Cerny and Haralambie, 1983; Tiidus and Ianuzzo, 1983). So far,
a strong relationship has not been shown between the total work dome and

the subsequent post-exercise total serum CK activities measured.

-

A study on the effects of physical conditioning was conducted by Nut-‘
tall and Jones in 1968. Studies by other researchers have followed ’
"(Burke et al., 1982; Buyze et al., 1976; Hunter & Critz, 1971; Sanders &
Blkort 1975; Shepiro et all, 1973). It has been generally found that
the\increases in post-exercise total serum CK activity is less for a

well-conditioned group, as oppoéed te an unconditioned group, after both

have been subjected to the same absolute workloads. Thus, it was the

~ -



3
suggestion of Nuttall and Jones (1968) that "an index of the degree of
physical conditioning attainéd by an individual in a physical .training
program could be dévelogfg;with the rise in serum .CK activity following
a standardized type and duration of' exercise”. A number of other stud-
ies (Hunter and Critz, 1971; Shapire et al., 1973) have suppdrted the
work of Nuttall and Jones' (1968) but no spcéific cnzymatic indices" of
physical condifion have yeé'ﬁeeﬁ established. Schwartz et al. (1971)
suggested that” the serum enzyme responses to exercise may be more

closely related to the training of specific muscle groups than to gener-

al physical condition",(represented by a measure of maximal oxygen con-

sumption).

In the light of this suggesﬁion by Schwartz et al. (1971), the type
or natufe of an exercise élsq seems likely to have some effect on the
total serum CK activity response: QFrg and Haralambie (1978) showed
that total serum CK activity varied in each of three types of exercise
examined. These wgre categorized according to the amount of impact-type
stress which seemed to be applied to the muscles. The increases in to-
tel serum QK activity were found the greatest in ;he highest of impact-
type exertions per unit‘gf time. Clarkson et al. (1982) and Schwane et
al. (1982) have given support for the idea that it is the amount of ten-
sion developed within the muscle fibres, .which affects the~changes in
total serum CK activity. 'Eccentric-type exercise, in particular, has
been identified as a type of activity which produces large elevatiens in

total plasms CK aFtivity (Schwane et al., 1983; Armstrongvei al., i983).
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Iﬁ one aspect of the study by Tiidus and Ianuzzs (1983), subjects
pérformed a dynémic leg exercise at percentages of their ten repetition
maximum (10RM); that is, tﬁe maximum weight which could be lifted ten
_/,/’// ‘timés. The results showed ﬁhat the total serum CK activity was not sig-
‘ ﬁificantly higher than the pre-exerciée 1e;;ls folloﬁing 150 repetitions
at 35 percent 10RM, but were significantly highe: at 70 percent 10RM and

90 percent 10RM. This suggests that a threshold intensity-hay exist

above which significant increases‘in_tqf?l serum CK activity are seen.
In view of the previous suggestions by Clarkson et al. S1932). and
Schwane et al. (1983), this threshold, if it does indeed exist, might
be.more aptly a functien of tension or actual force development than of

repetition maximums. This remains to be investigated. -

- - e

The course of total serum CK activity changes, over a post-exercise
period of time, has been shown to vary among studies. It has been found
.:hat the rise in serum CK ac;ivity levels begins either some time during
the exercise (Griffiths, 1965{ Crit£ and Cunningham, 1972; Shapiro et
*al., 19&3; Schnohr, 1974; Sanders and Bloor, 1975; éhahine et al., 197€;
Berg and Haralambie, 1978; Steele et al., 1978; Schnohr et al., 1980),

or briefly afrerwards (Nuttall and Jones, 1968; King et al., 1976;

Clarkson et al., 1982).

The time at which peak levels in serum CK activity are reached have

/
i fﬂ\\ also varied among studies, from less than one hour (Block et al., 1969),

{

il ( to six hours (Clarksen et al., 1982), to eight to sixteen hours (Nuttall
h—l "
dnd Jones, 1968), to eleven to nineteen hours (King et al., 1976), to

twenty-five and one-half hours (Buyze et al., 1976), and to even four or

A
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five days post-exercjse (Newham et al., 1983). Unfortunately, compari-
sons among many of these studies are difficult to make because of the

—

several factors which appear to affect CK efflux and because of differ-
¥

ences among the protocols used in each experiment.

< : |
One of the major.problems in achieving accuracy in the cnzyme analy-
ses has been in adequately controlling for the several other factors

N

which may affect the total serum CK activity. Alse, the determination
of the actual peak level of total serum CK activity is difficult to de-
termine because of its delayed increases after exercise and the apparent

variance between individuals. !

In the light of the various research which has been done, & number of
determinants of CK efflux into the serum seems iikely, although one may
;ot be exclusive of the others. Firstly, as carlier suggested by Sweet-
in and Thomson (1973), intracellular enzymes may be retained through
some role of ATP, and not simply the cell membrane. Furthermore, a re-
duction in the intracellular levels of ATP may lead to ionic imbalances

and, subsequently, conditions which render the cell susceptible to inju-

ry.

VAnother possible determinant of increases in total serum CK activity
which seems likely, is injury to the cell as a result of trauma, and the
-
subsequent leakage of the-enzyme into the blood. 1In consideration of
these two possible determinants of Ck gfflux, it would éppear that many
studies have indicated’ that either or both may play a significant role.
However, investigations have primarily observed the effects of high lev-

els of intensity or duration of physical exertion upon changes in total

serum CK activity.
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It may be interesting to observe the patterns of change in total se-

rum CK activity as-a result of relatively low intensities of exercise.
'/\

Through such an investigati&n, a threshold intensity may be found, below

which total serum CK activity does not change post-exercise,
e .

T



1.2 Rationale

In spite of the extensive research into the relationship between total
serum CK activity levels and exercise, an accurate picture of this rela-
tionship is still not complete.. In the interest of using total serum CK
activity as a measure of an individual's specific level of conditi?ning
in a particu%ar.-activity,. as earlier suggested' (Nut;all and Jones,

1968), studies must better establish the patterns, if they exist, in the

total serum CK activity responses to an exercisg stress.
) .

It would be interesting to determine if particularly low selected in-
tensities of an exercise, in an individual, will result in different
_.patterns of change in total plasme CK activity if there is no change in
his state Sf physical conditioning. This includes comparing the meas-
ures df maximun total plasma CK aétiuity and the times required to reEch

these peak levels. A

24



1.3 Statement,of the Problem

The purpose of this investigation was to observe the effect of con-
trolled isometric exercise at three selected intensities upon the post~
exercise pattern of total plasma'CK activity. In the analyses of the
resulting total plasma CK activf%ies, particular atrention was given to
the times at thch peék total plasm& CK activity occurred and the dif-

ferences in the measured peak total plasma CK activity among the select-

ed intensities.



1.4 Limitations

In the present study,.the subjects tested were sedentary, male volun-
teers. They were, however, not randomlf selected from a larger poel of
sedentary males because the number of qualified subjects, willing to de-
vote the necessary time to this study, was small. Thus, caution.is ad-
vised, if the résults are applied to other, differently selected, seden-
tary, male groupg. Thg results qf this study cannot be applied to

regularly physically active subjects orﬁfo female subject groups.

1.5 Abbreviations

ADP 7! Adenosine Diphophate

ATP : Adenosine triphosphate,. . l -
CK : Creatine kinase

CK;BB . "Brain” isozymic form of creatine kinase
CK-MB : "Hybrid" isozymic form of cfeatine kinase
CK-MM : "Muscle" isozymic form of creatine kinase
E.C. : En;yme Commissigg o . ’
T : Fast twitch

I0/1 3 International Units per litre (&1;0 U/lj‘
MVC : Maximal voluntary contraction

MVO2 : Maximal rate of oxygen consumption

ST : Slow_twitch

U/l : International Units per litre (elso IU/1)

voz2 : Rate of oxygen consumption



: Chapter I

REVIEW OF RELATED LITERATURE

2.1 Introduction

This review of litcrature regarding creatine kinase shall be present-
ed in three sections. The first secgion shali deal with the enzyme,
‘creatine kinase, the isozymic forms which exist, the functicnal role of
creatine kinase, and the distribution of creatine kinase activity .in hu-
man tissues and sera. The second section shall‘deal with the effects of
exercisce upon total serum creatine kinase activity. The relevant fac-
tors of concern which have been studied are: exercise intensity, exer-
cise duration, the total work requirement, physical conditioniné, the
type of exercise, the time course changes in total serum creatine kinase
activity, and particular characteristics of the muscle. The third sec-

tion-is a brief review of the theoretical processes put forth by previ-

ous research to explain the ocedrrence of CK efflux.



P

2.1.1 Creatine Kinase lsoenzymes T

Structﬁrally,-c;patine kinase is a dimeric enzyme and is usually dis-
tinguished as one of three forms when separated by electrophoresis.
These are commonly referred to as 'muscle"” type (CK-MM), "hybrid" type
(CK-MB), and "brain" type (CK=BB) isoenzymes, basea,on an increasing mo-
bility toward§ the anode and the tissue in which each is preéominnnt

3

(Bais and Edwards, 1982). . 3

F"In addition to these major iscenzymes, other variant types have been
recognized on the basis of atypical electrophoretic bands, (Madsen,
1972; Lim, 1975; Sax et al., 1976; Leroux et al., 1977; Ljungdahl and
Gerhardc, 1978). For example, Lim (1975) discovered wwo atypical elec-
trophoretic bands in the anélygis of humgn serum. One band appeared be-
tween the MB and BB bands and the other appeared between the MM and MB
baﬁds. The more anodic Eand} beéween the MB and BB bands, has been re-
ferred to as CKI-B (Lim, 1975) or the "X" band (Madsen, 1972). The oth-

er band, between the MM and MB bands, has been referred to as CKII-B

(Lim, 1975) or CK-Z (Leroux et al., 1977).

Only theories exist to explain the presence of the atypical CK isoen-
zymes. Sax et al. (1976) suggested that a prolonged ischemia of myocar-
dial and brain tissues could result in conformational changes in their

isoenzymes such that their electrophoretic mobilities are altered.

Other investigations have identified high molecular weight complexes

with creatine kinase activity, such as the CK-BB isocenzyme and immuno-
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. ) .
globulin, and referred to it as "macrocreatine kinase" (Urdal and Lan-

daas, 1979; Jockers-Wretou and Plessing, 1979). This name also includes.

&

other types of large complexes, such as polymers of creatine kinase
caused by ultraviolet radiation (Yuu et al., 1980). Yuu et al. (1980)
showed that in the complexing pro;ess, variations in‘;he immunoglobulin
or the ratio of immunoglobulin to a CK isoenzymﬁ occurs to create the

- PN

variations seen.

N

Mitochondrial CK 'is anqugr distinct iscenzyme ﬁhich is bound‘to the
exterior of the inner mitochondrial membrane (Saks et él., 1978). 1t
exists in two interconvertiblerforms, M1l and M2, which separate as they
migratéﬁtowards the cathode during electrophoresis (Hall et al.,.}977),
as.opposed ﬁo the major isoenzymes which migrate towards the ancde.

However, the detection of this isoenzyme requires a very sensitive assay

technique.

The relevance of this iscenzyme in the diagnoses of human heart dis-
eases, skeletal muscle disorders, and nervous system disorders, as with
the other isoenzymes, are still under investigation (Blum et al., 1981).

» Its functional role will be menticned in the next section.

)
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2.1.2 The Functional Role of Creatine Kinase

Creatine kinase (CK; EC 2.7.3.2) is an enzyme which reversibply cata-
lyzes the production of phosphocreatine and ADP from creatine and ATP.
This is achieved through the direct transfer of the terminal phosphoryl
group of ATP to creatine (Jacobus, 1980).

!
. >
~  creatine + ATP «--------- > phosphocreatine + ADP

- A J

-

It is presently held that creatine kinase plays a major role in the
channeling of energy from the mitochondria to the various other cellular

sites of utilyzation (Saks et al., 1978; Jacobus, 1980). In the general

model, T

drial iscenzyme of CK, which is bound teo the outer surface of the inner
mitochondrial membrane, is in close proximity to adenine nucleotide

translocase, which is found within the’ inner mitochondrial membrane.

- e LY

See figure 1.1. The main function of the adenine nucleotide translocase

is to transfer the ATP, generated in the mitochondrion by oxidative

phosphorylation, across the inner membrane in exchange for ADP from the

cytoplasm. Saks et al. (1976} proposed that the translocase brings the

—

ATP molecules directly to the active sites of mitochondrial CK on the R

~

outside of the membrane. -

-~
-

The formation of phosphocreatine is kinetically less favourable than

the formation of'ATP. However, if a high rate of translocation of ATP

across the inner membrane occurs, the concentration of ATP at the active

iewed by Saks et al. (1978), it is proposed that the mitochon-"

i
T
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“Sites of CK will be higher than the extramitochondrial ATP\concentra=-
& : .

tion. Therefore, the CK reaction would proceed forward to efficiently

produce phosphocrecatine from the translocated ATP and supplies of crea-

tine from the medium (Saks et al., 1978).

Also, the adenine nucleotide translocase has a high affinity for ADP
(Vignais, 19;2). Thus, the ADP, which is produced aleng with ;he phos-
phocreétine in the CK reaction, is brought back into the mitgchondrial
matrix for rephosphorylation. Therefore, the translocase maintains the

CK reaction in favour of phosphocreatine production in two ways; i) by

increasing the local ATP concentration and thereby increasing the rate

of the CK reaction in the forward direction; and ii) by decreasing the
) -

local ADP concentration and thereby decreasing the rate of the CK reac-

tion in the _reverse direction (Saks et, al., 1978).

e ———

-

_With a high phosphocreatine : creatine ratie in the cytoplasm, the
preferengé of the reverse CK reaction tpward§ ATP production becomes.ad-“
vantageous at the sites where ATP is utilized. In the presence of the
cytoplasmic iscenzvmes of creatine kinase, ADP is quickly rrephosphory-
lated to regenerate and maintain ATP levels. Saks et al. (1978) have
presented evidence which indicates that CK is bound to the myofibrils,
sarcoplasmic reticulum, and plasma membrane of muscle. Such binding of-
CK to specific areas ensures that the energy of the'system is distribut-

ed efficiently.
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2.1.3 The Distribution of Creatine Kinase

If it is assumed that CK playg a key role in the transport of energy
from the source to the;site of utiiization within the cell (see tﬁ; pre-
vious section), it would follow that CK is distributed throughout all
tissues to some degree. This premise is g%ven supportlthrough published
data on CK~isocnzyme patterns in various human tissues {revieys by Neu-

meier, 1981; Bais and Edwards, -1982). i

It is gpparent from the data that skeletal muscle shows the highest
total CK activity relative to other tissues. Neumeier (1981) stated
that "depending on muscle type, sex, and methodology used the.total CK
activity measured is between 225 and 12,000 U/g fresh tissue". With re-
gard to iscenzyme proportions, skeletal muscle usually contains CK-MM
activity in amounts great;r Tthan 90 percent of the total CK activity.
CK-MB activity is correspendingly found to be smaller; but has accounted
for as much as 30 ﬁercent of the total CK activity. - "CK-BB has been

found in only a few studies in trace amounts (Neumeier, 1981; Bais and

Edwards, 1982}.

Myocardial tissue generally contains the next highest amount of total
CK éctivity in the range of 100 to 2,200 U/g tissue. CK-MM is drill
predominant in this tissue; however, CK-MB activity is also consistently
found, mcasuring up to as much as 30 percent of the total CK activity.
The CK-BB isocenzyme can account for 0.9 to 14 percent of the total CK-

activity. (Neumeier, 1981; Bais and Edwardq, 1982).

Brain tissue has been indieated, by most studies (reviewed by Neumei-
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er, 1981; Bais and Edwards, 1982) to contain exclusively CK-BB activity

in a range of-total acyivity from 0 to 220 U/g tissue.” CK-MM, CK-MB,

g

—

and variant CK isoenzyme activities have been found:, to small degrees in

individual, otherwise unbonfirmed, studies.

The CK activity of organ tissues has been measured relatively low,

when compared to those activities of brain, heart, and skeletal muézzé"
tissue. In terms of isoenzyme distribution, variable results exist.
Many investigative studié? have - shown that CK-BB activity predominates
in the gastrointéstinal’téact,'lung, liver and kidney tissuec, as well as
in endocrine and exocrine glands.xxgowévef\ contrastingly, ‘other studies
have indicated that CK-MM activiﬁy prcdoﬁi%gtes, or is in large propor-
tions, in the lhng, kidney, and liver t}ééucs, ard prostate, thyroid,
adrenal; and parotid glgnd tissues. (Neumeier, 1981; Bais and Edwards,

1982).

2.1.4 Creatine Kinase Activity in Human Sera

CK-MM is the major isocenzyme present in the sera of normal human sub-
jects (Bais and Edwards, 1982). The iscenzymes CK-MB and CK-Bﬁ may be
present in only small or trace amounts (Varat and Mercer, 1975; Jung et
al., 1979). The revieés‘of the literature, which have assessed the dis-
tributions of the CK isocenzymes in the tissues, suggest that skeletal
muscle is a majof source of serum enzyme activity (Neumeier, 1981; Jock-

ers-Wretou and Pfleidefér, 1975; Tsung,ﬁ1981).

Studies have shown that the fraction of CK-MB does not usually ac-

count for a large proportion of the total serum CK activity levels at
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rest or post-exercise (Varat and Mercer, 1975; Siegel et al., 1981; Ap-
ple et al.; 1984). Varat and Mercer (1975) rationalized that at least

.some CK-MB should be present in normal serum, even if the total serum CK
. peol in‘ﬁo:mal subjects is dérived primarily from skeletal.muscle. Tur-
thefﬁbre. if serum samples contain a greater total serum CK activity due
to muscle damage, then the percentage portion of activity due to CK-MB

should not increcase.

In their ;;udy, CK-MB activity accounted for lfss than 2.0 pe?cent of
the to%al serum CK activity in all 24 of the normal, non-exercising con-
trol subjects, although the absolute valués of the peak serum CK-MB ac-
.tivity varied over a wide range. Their finding, that the pércen;age se-
rum CK-MB agtivity in acute myocardial infarction patients rapged fiqm
ne less than 4.0 percent to 19.0 percent of the total serum CK activity,

supports the theory that only larger proportions of serum CK-MB actividy

are resultant of & myocardial source.

Stecle et al. (1978) found that exercise-induced myocardial hypoxia
or uncomplicated cardiac catheterizations did not result in significant
increases in the serum CK-MB‘Isoénzyﬁe. They then suggested that an in-
qreaSe in the activity of the CK-M3 form would only occur after damage
to Eiiﬁgyocardium, which contains more of this enzyme. This supports

L

the earlier findings of Varat and Mercer (1975).

Recently, Siegel et al. (1981) confirmed that although the serum

CK-MB activity increased, after fifteen runners particiated in a mara-

- =

thaon, the percentage of the CK-MB activity of the total serum CK activi-

ty remained at less than four percent. However,in another group of

twelve marathon runners studied by them, it was revealed that the mean
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percehtage'of CK-MB aciivity was 13 +/- 6.1 percent after the race.
Yet, with the use of infarct-avid myocardial scintigraphy in these run-
ners, to detect myocardial abnormalities, all results of scanning were
wiﬁhin normal limits. Thus, it was Suggested that the iée;cascs in
CK-MB resulted frcom skeletal.muscle or a non-cardiac source. This is
contrary tg the suggestion by Varat andAhercer (1975) that higher per-
centages of CK-MB activity are indicative of a myocardial source. The
possibility of.non-cardi&c sourceg of CK-MB (ie. organ tissues) has not

N . X - : 1
been directly investigated with respect to exercise.

In the analysis of the iscenzyme contents of the gastrocnemius mus-
cles, through biopsy techniques, Apple ét al. (1984) féund a greater
content of CK-MB in five marathon runners (7.7 +/- 2.4 percent) than in
five.non-runners (less than or equal to one percent). No substantial
differences were found in the total\FK activities per gram of tissue be-
tweegnéhe running and non-running éﬁbjects. This observation confirms
the slightly higher than normal serum CK-MB activities found in marathon
runners by Siegel et al. (1951), and supports the likelihood of skeletal
muscle as the source of increased CK-MB activity. Thus, the earlier
suggestion by Steele et al. (1978}, that increases in the serum CK-MB
activity are only likely to result from myocardial damage, is contra-

dicted. ’

Based upon & number of more recent studies, serum CK-MB activity lev-
els will be seen to increase after exercise; particularly in well-
trained individuals and usually as an artifact of higher total serum CK
“levels (Schnohr et al., 1980; Robinson et al., 1982; Noakes et al.,

1983; Diamond et al., 1983; Siegel et al., 1981; Strauss et al., 1982;

—
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Stansbie et al., 1982; Jaffe et al., 1954). Some of the abnormally
hi;her proportions of CK;MB activity seen (de.’ greater than 4 to 6 per-
cent (Siegel et al., 1981; Stansbie.et al. 1982; Noakes et al., 1983;
Diamond et al., 1%983), might‘be simply explained-by a higher CK-MB con-

tent within the more trained skeletal muscle, as suggestedhby~App1e et

‘al. (1984). Meanwhile, these elevated or abnormal levels of CK-MB ac-

o = . s : :
tivity have not been seen in training athletes of other studies (Syman-

r—

1

ski et al., 1983). .

Research by Phillips et al. (1982) has indieated‘that serum CK*BB ac-
tivity had increased beyond the upper limits of normal'(ie. greater than
3 ng/ml) in seven marathon runners after a 42 kilometer race. However,

~
Kaste and Sherman (1982) stated that, although CK-BB is the principle
isoenzymé in the brain, these findings may not be indicative of brain
damage. They suggest that other organ tissues may be possible sources.
Furthermore, becausg significant concurrent increases in serum CK-MB ac-

tivity were seen, Phillips et _al. (1982) admit that" some degree of

cross-reaction with the CK-MB fraction likely occurred in their assay.

" This may have caused an overestimate of thé CK-BB activity.

Nevertheless, in comparison to the total serum CK activity, the
amount of serum CK-BB activity has been relatively small. The_upper
limit (95th peréentile) in normal édults, corresponds to abéut‘3 Uu/1l, by
a CK-BB specific radioimmunoassay technique developed by Roberts et al.
(1977), and is thus below the detection limits of most other methods
{Lang, 1981); In a qualitative analysis, by electrophoresis, of the
sera of 31 runners of an ultra-marathon, CK-BB_bands weré visible in 21

(68 %) of the subjects (Noskes et al., 1983). However; the practical
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.

significance of this and other findings, of raised serum CK-BB activity

—

levels post-exercise, remains to be determined.

The normal range for total serum CK activity was investigated recent-

-

ly by McCormick (1976). It was found in this study that the distribu-

. % -
tion of total serum CK values among males and females did not conform to

57

Gaussian distrﬁbutions, but rather, exhibited skewness to the right.
_When serum samples were assayed at a temperature-of 25 C degrees, males
showed a mean total serum CK activity pf 29.9'6)1 , in a range from 4.2
to 75.0 U/l, while females showed a mean total serum CK activity of 16.3

U/1, in a range from 1.7 to 37.5 U/l. These ranges represent the values

between which 95 percent of the male and female subjects had fallen.

LY

In 2 more recent study by Nicholson et al. (1985a), the. inter- and
intra-individual variations in totai serum CK activity were cxamined in
a group of female subjects. On a minimum of three occcasions, blood sam-
ples were collected, at rest, and under the condition that all forms of

%
recreational exercise were avoided within three days prior to the col-

lection.

Under this protocol, désigned to minimize the effects of exercise, it
was found that individuals tended to have consistent levels of total se-
rum CK activitjes. The range of intra-@q@ividual variation, among the
test days, was small, as indicated by a mean coefficient of variatien
(C.ﬁ.) of 19%. On the othef hand, the inter-indi;idual variation was
found to be relatively larger, with & mean coefficient of variation of
47%. Niéholson et él. (1985a) concluded that individuals tend to have a

. basal .serum CK activity level, which can be quite accurately measured,

provided that the collection conditions are controlled.- The primary

-
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control condition of these auth%rs, in this determination, was the ex-

clusion of exercise prior to measurement. . - -

Among the subjects, who recogded in a questionnaire that they had en-
gaged in only minor levels of activity, within the three déys-preceding
blood collection, signifiefntly higher levels of total sefum CK activity
were measured. Thus, even though th; subjects had originalay perceived
it as iﬁsignificant, minor exercise had én effect on the subsequent to-

L]

tal serum CK activity and the group distribution.

-

In another study by Nicholson et al.  (1985b), evidence was presented
to suggest the appearance of non-Gaussian or skewed éistributidhs of
measured total serum CK activity in populations, is largely due to the
effect of exercise. Gaussian distributions appeared when‘none of the
subjects enghged in physical activity within three days prior to exer-
cise. However, in another distribution, where exercise was not cﬁntrol-
led, skewness resulted, with a2 few high total.serum CK activity measure-
ments. -Furthermore, it was determined that these were, in fact, due to

7 : . _ )
recent strenuous physical adctivity. This would explain the finding of a

non-Gaussian distribution by YeCormick (1976), since the control of ex-

ercise activity was not reported to have been done.
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2.2.1 Total Serum Creatine Kinase Activity and Exercise

It has been shown in many studies that total serum activity levels of
"CK increase following physical exertion (Ngttall and Jones, 1968; Block
et al., 1969; Schwartz et al., 1971; Critz and Cunningham, 1972; Misner
et al., 1973; Shapiro et al., 1973; Schnohr, 1974; Riley et al., 1975;
Sanders and Béoor, 1975; Buyze'et al., 1976 Chahiﬁe et al., 1976; Goode
and Meltzer, 1976; King et al., 1976; Berg and Haralambic, 1978; Yakov-
leva, 1979; Schnohr et al., 1980; Bornheimer and Lau, 1981; Clarkson et
al,, 1;82; Priest et al., 1982; Cerny and Haralambie, 1983; Newham et
al., 1983; Schwane et al., 1985). Unfqrtunately, the mechanisms by

‘which CX is released into the blood has not yet been elucidated.

Thus far, the approach by researchers has been to attemp: to deter-
mine the qualitative and quantitative factors yhich result in high lev-
els of total serum CK .activity. Although Sanders and Bloor (1975) sug-
gest that the measﬁrement of CK activity is one of the most sensitive
indices of acute exercise stress, research findings, in several areas,
are yet far from conglusive. The following sections shall deal with the
factors affecting total serum CK activity which have been given the most

attention in the past with respect to exercise.

<



2.2.2 Exercise Intensity and Total Serum CK Activity

/

g /
4 number of experimental studies have been done 'which support the
idea that exercise intensity is a major influence on increases in total
serum CK activity {Cerny . and Haralambie, 1983; Shapiro et al., 1973; Ti-

idus and lanuzzo, 1983). ¢

L]

Shapire et al. (1973) examined the effects éf prolonged marching, as
an exercise stress, upon total serum CK activity. It was shown tha¥ at
a given intensity, those subjects with a high maximal V02 had smaller
enzyme activity elevations than those subjects w%th a low maiimal voz.
Additionally, in another group of subjects, in which work intensity was
adjusted to each individual's maQimal V02, the enzyme activities were
similar. Thus it would seem that total serum CK activity is more depen-
dent upon the relative intensity of, the exercise, as in an expression
such as a percentage of an individual'saerobic capacity, rather than

the absclute workload.

-
-

Cerny and Haralambie (1983) gave suppo;t to this idea as subjects,
performing a bicfcie ergometer test at 80 percent of maximal V02 for 60
minutes, had higher elevations in total serum CK activity ( at 24 hours
post-exercise ), than when they performed the same test at 50 percent of
maximal VO2. However, significant differences were not found between
the trials during which the subjects cycled at 75 percent and 50 pércent
of maximal V02 for 100 minutes. It may be that a threshold intensity
exists somewhere between 75.6 percént and Si.O gercent of maximal V02
{the actual mean intensities applied), since the trials at 50 percent

and 75 percent of maximal V02 themselves did not raise the total serum

P
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CK activities signifi?antly above pre-exercise levels. However, .thig
suggestion remain; to be confirmed. Cerny and Haralambie (1583) spé?if-
ically proposed that cell integrity is subjegt to metabolic control, and
as the working muscle decreaé%s the energy available, the loss of cellu-

lar enzymes may result. This was also earlier suggested by Thomson et

al. (1975).

In a ééﬁay.by Clarkson et al. (1982), the intensity of exercise, with
respect to strength loss i? an isometric exercise, was examined. In
éleven untrained subjects, two isometric knee extension exercise regi-
mens were administered on different occasions. One regimen required 35

; ;
ten second maximal isometric contractions, separated by 20 second rest
intervgls. This resulted in a mean strength decrement of 23.4 percent
of the MVC strength. The other regimen required the same type and num-
ber of contractions, but these were separated by onl§ five second rest
intervals. This resuited in a mean strength decrement of 54.6 percent
§f the MVC strength. Although the absolute tensions were not comstant
throughout either exercise regimen, a significantly greater post-exer-
cise increase in the total serum CK activity was found in the regimen
with the longer rest interval (ie. ;0:20 work:rest condition) and con-

sequently that which was able to allow a greater intensity of exercise,

represented by the level of tension.

Tiidus and lanuzzo (1983) have also studied the effect of exercise
intensity on increases in total serum CK activity. Subjects performed a
dynamic leg extension exercise at percentages of his 10 repetition maxi-

mum (1ORM); that is, the maximum weight that could be raised ten times.

The results showed that total serum CK activity was not significantly



26
above pre-exercise levels following 150 repetitions at -35 percent 10RM,
but were significantly higher at io percent and 90 percent 10RM. Fur-
thermore, the 90 percent 10RM elevations were significantly greater than
'those induced by the 70 percent 10RM load. This represents the most re-
cent evidence of exercise inteﬁsity as being a major influence on ,in-
creases in total serum CK activity. Additionally, this part of theié
study again points out the possibility of an existing threshold intensi-

ty, above which total serum CK activity is seen to significantly rise

post-exercise.

I8)

.2.3 Exercise Duration and Total Serum CK Activity

The effect of exercise duration upon the total serum CK activity has
~ been demonstrated in a number of studies. Gfiffiths (1966) showed that
prolonged low intensity exercise (ie. walking at an average speed of 3
1/2 mph) could elicit very large increases in total serum CK activitf,
after subjects covered distances of 25 and 53 miles. Running ''mara-
thons" and "ultra-marathons” have also been used in studies, demonstrat-
ing significant elevations in total serum CK activity after prolonged

running (Riley et al., 1975; Schnohr, 1974; Schnohr et al., 1980).

Griffiths (1966) also found that an exercise of short dusggion (ie.
cliﬁbing and descending 70 stairs) wouid net elicit significant eleva-
tions in t;tal serum CK activity. However, this may have been because
the intensity or rate of c¢limbing was not high enough or because blood

samples were only taken immediately post-exercise and not further.
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Chahine et al. {1976) demonstrated significant total serum CK activi-.

ty elevations in subjects performing an incremental work test on the

treadmill for a mean ti@e of 8§ minutes and 42 seconds. Subjects working

for less than six minutes Ep the treadmill, on the other hand, did not
] '] -

exhibit significant elevations. However, since an incremental test (ie.

the Bruce protocol) was used, thése who exercised for shortéf periods of

time also exercised at lower absolute intensities. Thus, precise cém-

-

parisons, in this case, are difficult to make.
N ;

In & study by Cerny and Haralambie (1983), subjects performed bicycle
ergometer tests, on four different occasions, at aﬁproximately 50 per-

cent and 80 percent of maximal V02, for duratioh§ of 60 and 100 minutes.

At \ iy .

No significant differences in total serum CK activity were found post-

exercise as a result of the differences in exercise durations.

e

In an earlier study by Berg and Haralambie (1978), data was compiled
to demonstrate that above 60 to 70 percent of the maximal gerobic capac-
ity, total serum CK activity increased in proportion to exercise dura-
tion for up to 5 1/2 hours. Furthermore, these relationships were found
to have a different slope in, each of three categories oé exercise (ie.
bicycle ergometer testing; ski racing; impact type exertioms, such as
running, skating, and walking). Unfortunately, ép this study, samples

. & .
were only taken & to 10 minutes post-exercise and not serially for any
length of time. On the basis of studies which observe total serum CK
activity fo% periods of time post-exercise (see section on "The Time
Course of Total Serum CK Activity Changes"), the true peak total serum

CK activity is not achieved immediately post-exercise. To assume that

the differences in total serim CK activity immediately post-exercise

-\
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‘would be proportional to the differences in péak total serum CK activity

) might be erroncous.

- Nevertheless, the effe;ts of duration on post-exerciséjlotal serum CK
activity has been aptly demonstratgd by T;idus and Ianuzzo (1983). Al-
though changes in serum CK activity were not demonstrated following 100
and 200 repetitions of & dynamic leg extension exercise at a given in-
-tensity, significant elevation of total se;um CK activity did appear af-
ter 300 repetitions at the same igtensity. The_e§¥ects of exercise du-;
tationlxiijdifferent intenéities, and in different types of exercise,

upon total serum CK activity post-exercise have yet to be further quan-

-

tified.

2.2.4 Total Work Reguirements and Total Serum CK Activity

/ The view of the total work requirement of an exercise as™ a factor
which affects total setum CK activity, might seem reasonable when it is
considered that both low intensity, long duration exercises and high in-

tensity, short duration exercises reghlt in significant enzyme activity

elevations. This was investigated”in a recent study by Cerny and Har-

alamhie (1983). P

On four separate occasions, subjects performed bicycle ergometer
tests, in Tandomorder, under conditions: a) 50 percent MVOZ for 60 min-
utes, and b) for 100 minutes; and ¢ 80 percent MV02 for 60 minutes, and
d) 100 minutes. Thus, under conditions b) and c), the total work re-

guirements were approximately equal. However, under cenditiom c), sig-



29
nificantly higher elevatioﬁs in total serum CK activity occur;ed than in
condition b). Conversely, although larger differences in‘£he total work
required existed among other conditions (die. &) vs. b), ¢) vs. 4), a)

vs. d), b) vs. d)), no significant differences were found in the eleva-

tions of total serum CK activity.

Supportive findings were documented by Tiidus and Ianuzzo (1983). In
_Separate bouts of a dynamic leg extension exercise, intensity was ad-
inversely proportional to the number of repetitions in order to

-~ o ips '

keep the total work requirement constant. As a result, significantly
greater elevations in total serum CK activities occurred following the
highest intensity, short duration exercise, than follewing the longer

——

duration, lower intensity exercise.

| ]

Other studies which have investigated the‘¥ffects of ;he total work
requirement upon the total serum CK activity post-exercise have not been
found by this author. Theée recent preliminary investigations, however,
suggest that‘ihe effeéts are not aﬁ great as those of cother factors,

such as intensity and duration.

2.2.5 Phvsical Conditioning and Total Serum CK Activity

The effects of physi;al conditioning on total serum CK activity lev-
els have been noted by a number of studies (Nuttall énd Jones, 1968;
Hunter and Critz, 1971; Shapirco et al., 1973; Sanders and Bleor, 1975;
Buyze et.al., 1976; Burke et al., 1982). It was demonstrated by Nuttall

and Jones (1968) that the total serum CK activity response to a given
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workload «(ie. weightlifting a percentage of body weight) would not rise
significantly in the female subjects and very little in the male sub--
jects,” after a three to five week period of physical conditioning.
Thus, it was their suggestion that "an index of the degree of physical
conditioning. attained by an individual in a physical training program

could be developed with the rise in serum CK activity following a stan-

dardized type and duration of exercise'.

Similarly, Hunter and Critz (1971) demonstrated-:that as a ten week

training program increased each subject's maximal V02, the total serum

-

CK activity response to maximal and submaximal exercise tests were sig-

nificaniti,lgyer than pre-training exercise test results.

Shapiro et al. (1973), in a study previously mentioned, gives further

" support to the findings by'Nuttall and Jones (1968); In their study,

which invelved prolenged marching as an exercise stress, it was shown
that those subjects with a high maximal V02 had smaller enzyme activity
clevations than those with a low maximal V02 working at similar intensi-
ties. Additionaliy, in another group of subjects, in which wofklinten-
sity was adjusted to each individual'é maximal V02, the enzyme activi-

ties were similar.

Schwartz et al. (1971) proposed that a high degree of general cardio-
vascular fitness, represented by a high maximal V02, might be important
in modifying the response of total serum CK activity to exercise. This

might be accomplished by'better provision of the supply of energyv neces-

sary to preserve the impermeability of the cell membranes to protein; an

idea also supported by Thomson et al. (1975) and Cerny and Haralambie'

-

(1983).
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Contrary to the findings of Shapirg et al. (19?3),.Scﬁwartz et al.
(1971) foupd no correlation S;tween enzyme activ;ty levels, at different
workloads, and ma#imal'voz. This may have occurred because blood sam=
ples were drawn only immediately post-exercise and one hour post-exer-
cise. Also, it is explained that there may have been too small a dif-
ference between the two workloads studied. Nevertheless, it was their

suggestion that the "serum enzyme responses to exercise may be more

closely related to training of specific muscle groups than to general

cardiovascular condition". —_

This specificity of response has been shown by Schwane and Armstrong
(1983). Among their findings, they found that prior eccentric‘graining
of rats, through one 30 minu:Z.session of downhill or level running, was
found to pfevent the elevation of plasma CK activity, following a 90

minute downhill run. However, a training session of uphill running,

which is more concentric in nature, had no such effect.

In a study on human runners, Byrnes et al; (1985) also found that one
30 minute session of downhill running resulted in significAntly loweé
plasﬁa CK activity and perceived muscular soreness, folloﬁing a second
running session. Particularly -interesting, however, is the fact that
the second sessions took place three or six weeks after the initigl one.

When the two sessions were separated by nine weeks, similar changes in

stotal serum CK activity and.perceived levels of soreness were found

.post-exercise. The authors suggested that the apparently prophylactic

effect of the first session may be a result of a reduction in the pool

of fragile muscle fibres. This would be a temporary effect lasting at(
/
least until the sixth week after the initial session.

)

.
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Study into the area of training effects has also been done by Vihko
et al. (1979), in a study of the effects of endurance training upon the
acid hydrolase activity measumed- in -the skeletal muscle of experimental

———T T

mice. The presence of acid hydrolases are indicative of a degenerative

L

process within the muscle cell, and will be reviewed in a later section.
Vihko et al. (1979£ demonstrated that after approximately four weeks of
trainiﬁg, the skeletal muscle ex?ibited & greater conceﬁtration of most
acia hydrolases measured, than.in untrained control animals. However,
five days following =z ééssion of exhausﬁive exercise, the acid hydrolage

activity of the untrained runners significantly exceeded that of the

trained runners. .

Vihko et al. (1979) explain that the above-normal acid hydrolytic ac-
tivity in endurance-trained muscle may be reflective of increased ‘muscle
breakdown. This is Fompensated for by an increase in the bicsynthetic
processes, which occur in muscle, in response to, the training stimulus.
The authors suggest that regular'training furthgrmore adapts the muscle
fibres in such a way that the resistance to the damaging effécts of ex-
ercise is inégeased. If not by strengtheﬁfhg the fibres, it is also
possible that training eliminates the fibres which are fragile and more

- i
susceptible to damage.- Additionally, the adaptations of training may

include a more rapid recovery of energy and ion balance after exhaus-

tion, which may reduce the effects of damaging factors!

N,

Ifbf{ is recognized thgz‘iotal plasma CK activity increases as muscle
damage occurs, these explanations hedp_to make it apparent that the in-
N, o

creases in enzyme activity may be less fof a well-conditioned group, as
»

opposed to an unconditioned group, when both are subjected to the same
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absolute workloads. Furthermore, after physical training, resting val-
: ¢

ues are either unchanged (Nuttall apd Jones, 1968; Hunter and Critz,

1971) or higher (Misner et al., 1973), Raimondi et al., 1975; Buyze ot

al., 1976) in the conditioned subjects, possibly as an artifact of their

higher levels of physical activity.

2.2.6 Type of Exercise and Total Serum CK Activity

The suggestion by Schwartz et al. (1971) that "serum enzyme responses

. . .: - L
to exercise may be more closely related to the training of specific mus-
cle groups than to general cardiovascular condition", leads to the con-

e
sideration of the type or nature of the exercise as a factor which in-

.

fluences total serum CK activity.

Berg and Hafalambie (i??S), in demonstrating the influence of exer-
cise duration upon toFal serumlCK acti%ity, also showed that thig rela-
tionship varied in each of three types of exercise examined. These were
i) a bicycle ergometer test, ii) ski racing, and iii) iﬁﬁact-type exer-

o *
tions, such as running, skating, and walking. As the increases in total
serum CK activity were found thg greatest in the impact-type exertions

\per unit of time, the influence of mechanical factors in the loss of in-

tracellular enzymes becomes a possible cause.

Clarkson et al.(1982) supported the suggestion that mechanical fac-
tors associated with tension levels within the muscle may affect the

amount of CK efflux, through their study which applied isometric exer-

—

- -

cise as the experimental treatment. The exercise regimens in .the study
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called fér 35 maximal isometric contractions, each ten seconds iﬁ dura-
) A

tion. In two separate trials, the length of the rest period between

contractions differed (ie. 5 seconds rest in one £?Tg&§ 20 secqus rest

-
in the other trial). The 10:5 second work:rest regi%en resulted in a

S4.6 percent strength loss, whereas tin O?EG’SEEUnd/work:rest:;egimen
only resulted in a 23.4 pé;cégg/;:jzj::i loss. But furthermo;é, the
levels of totq} serum CK activity did not increase as high in thé‘lg:S
second regimen, where tensions were not maintained high. Significant
covariance was found (p<0.015 with total serum CK activity as the depen-
dent variable and muscle tension as the covariate. Thus, there is an
apparent contradiction to the theory that the levels of high energy
phosphates affect the membrane permeability of the working cells.
Clarkson et al. (1982) do not support this hypothesis, since they sué;
gest a greater deficit in the phosphocreatine stores would have occurred
in- the 10:5 second work:rest regimen, where actualiy lower total serum

-~

CK activity resulted.

-

Schwane et al. (1983) g%served the effects of eccentric muscular con-
tractions, in a study'in which plasma enzyme activity levels were deter-
mined during level and downhill running on & treadmill for forty-five
minutes. Althoﬁgh the mean V02 was lower during the downhill run (ie.
57 percent of MV02) than during the level ruh (ie. 78 percent of MV02),
plasma CK activity levels were elevated‘by 351 percent ét 24 hours after
the downhillafun. Plasma CX levels were not significantly elevated af-
ter the level runs.

Similar responses of total plasma CK activity to eccentric work has

also been noted in rats, by Armstron% et al. (1983). This study showed
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that eccentrically-based exercise resulted in greater increases in the
subsequent total plasma CK activity, than in the concentrically-based
.exercise. Furthermore, histological evidence of muscular damage was

-

found to be greater, following the eccentric exercise.

oTﬁis might be explained by the greater stress on the muscle during
downhill rﬁnnigg. According to Komi and Viitasalo (1977), there is more
. _ -
tension per active muscle fibre in eccentric contractions {used to_é—
greater extent in downhill running) than in concentric contractiens.
Again, .this also emphasizes the rela%nship of se;ﬁm enzyme responses

to the training of specific muscle groups or for specific types of ac-

tivities, as suggested by Schwartz et al. (1971).

2.2.7 The Time Course of Serum CK Activity Changes
a——

g

The course of total serum CK activity changes over a period of time
post-exercise has been shown to vary among studies done. Some research-
ers have shown that the rise in total serum CK activity is delayed until
after the application of the exercise bout (Nuttall and Jones, 19%?;
King;é£ al., 1976; Clarkson‘et al., 1982). Meanwhile, some studies,
which only collected pre- and post-exercise blood samples, seem to indi-
cate that total serum CK activity begins teo increase at some time during
the exercise bout (Griffiths, 1965; Critz and Cunningham, 1972; Shapiro
et al., 1973; Schnohr, 1974; Sanders agd Bloor, 1975; Chehine et al.,
‘1976£ Berg and Haralambie, 1978; Steele et &l., 1978; Schnohr et al.,

1980).
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The point in time at which peak total serum CK activity is reached
has also varied among studies; from less than one ho&f-igz;ck et al.,
1969), to eight to sixfeen hours (Nuttall and Jones, 1968) Xto eleven to
nineteen hours (King et al., 1976), to twenty_four hours (Tiidus and Ia-
nuzze, 1983), to twenty five and one half hours post-exercise (Buyze et
al., 1976), and to even four or five days post-exercisé\(Newham et al.,
1983). These differences could, in some cases, be due to the lérge
amount of time allowed between sampling points, thereby allowing a
greater possibility of miésing the true peak in the total serum EK ac-
- tivity. Roberts (1979) states that an appropriate frequency of sampling

is an important consideration in order to obtain the meaningful results

from enzyme analyses.

Tiidus and Ianuzzo (1983) have'suggested that following workloads of
various intensities and durations, that the time course of total serum
CK activity will be similar in each case. In contrast, Priest et al.

L1982) have suggested that lesser degrees of exercise have resulted in

shorter intervals to peak values and the duration of the rise.

Meanwhile, the results of Buyze et al. (1976) illustrate the large
variations seen between individuals in time course data. It is at least
shown here that a bout of exercise will elicit peak total serum CK ac-
tivity at different times in different individuals. King et al. (1976)
"have also shown that although peak total serum CK activity occurred at
eleven hours in three subjects, the peak occurred after 19 houré in one
other subject. Thus, it is apparent that more than-one sampling time
would be required to locate the true peak total serum CK activity levels

in a2 group of subjects.
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A study of the time course of CK activity clevations has been done in
experimental animals by Esaki (1971). Exercise in the experiment was

.2

applied to rabbits by electrical s:‘:imulation of the lower limb muscles.
After serial blood.samplés were taken post-exercise,.twosimportant ob-
servations were that: i) the maximum CK activity value increascd depend-
ing ¢n the frequency of the stimulus, and ii) the time required to reach
the optim;m was from six to ten hours at all of the frequencies cxam-
ined. In.a separate experiment, when the effect of CK injected intoc the
muscle was observed, it was found that-the time required to reach maxi-
mum total serum CK activity and that to recover to the pre-injection
level remained in the same range regardless of the amount of CK inject-
ed. Although this supports the suggestions by Tiidus and Ianuzzo
(1983), the presence of these properties in the human, in response to

exercise have not yet been established.

With regard to how these delayed increases in total plasma CK activi-
ty might occur, it is most conceivable that a delay in the process of
the degeneration of the injured cells are responsible f;r the delays in
the énzymp release. As the damaged muscle complex prepares itself for
regeneration, a degeneration and subsequent removal of the injured com-
ponents must first take place (Carlson and Faulkner, 1983), possibly
correspending to the point in time at whi;h CK is released to the great-

est extent. This process will be discussed further in section 2.3.3 of

this chapter.

~—
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2.2.8 Muscle Characteristics and Serum-CK Activity

Since skeletal muscle has heen identified as a major source of CK in .
the serum, determined by its activity, Garcia (1974) suggested that)

. higher serum CK activity levels might be associated with persons having;//—N\-.\

a larger muscle mass. Novak and Tillery (1977) were able to correlate
total serum CK activity level to the percentage of lean body mass, but
no£ the absolute values of lean body mass. Perhaps this is because the
absolute values of lean body mass may not be well associated with the
voiume ofathe fluid compartment, inte which the enzyme wouid be re-
leased. A percentage of the lean body maés, with respect to the total

body mass, may be, to some degree, indicative of this fluid compartment.

However, this was not discussed.

The relatiénship of the resting serum  CK activity levels to percent-
age of lean body mass might be relevant when race, sex, and age are con-
sidered as possible'influential factors. Meltzer (1971) found greater
total serum CK activity levels in Blacks thén in Caucasians, in botk men
and women. It was suggested that this may be due tﬁ the generally
greater muscle mass in Blacks, although other féctors which are genetic,
affecting CK efflux and clearance, must alsc be considered. No in-
terpretable trends in the total serum CK activity, with repect to age,
" was shown by Heltzer (19&1).

The differences in ;he normal range of total gﬁ activitf between men
and women have been shown in data cellected by McCormick (1976). Total
serum CK activity for males was determineé to range from 4.2 to 73.0 U/l

and 1.7 to 37.5 U/l for females (when assayed at 25 degrees C.).
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- .

Shumate et al. (1979} found fhaf differencés in total serum CK activity
were significantly morgqpronounced between men and women, after perform-
ing at relatively equivalent exercise loads on the bicycle ergometer.
At 24 hours post-exercise, the men had a mean increase of 541/67§fof ac-
tivity, as oppesed to 81 U/l for the women. Some of the difference
mighf be attributable to differences in lean sody mﬁss between men and

women. However, Schumate et al. (1979) have suggested that the muscle

of females is less susceptible to damage by adverse factors.

Sherwin et al. (1969) observed, with an immunchistochemical tech-
nique, that fast, type II, skeletal muscle fibres contain higher'éoncen-
trations of CK than do slow, type I, skeletal muscle fibres. They sug-
gested that a readily available source of energy in the form of creatine
phosphate would be more important in the type II fibre contfactions, re-

~quiring rapid ATP replenishment.

In the analysis of enzyme activities within muscle biopsy samples in
normal human subjects, Gollnick "et al. (1974b) could not find signifi-
cant differences between the soleus, a predominantiy 5T muscle, and ei-
ther'the gastrocnemius or vastis lateralis muscle, which is mor; ef a
miﬁture of 8T and FT fibres (p <.05). No comparisons were made with a
muscle which is classified as predominantly FT. It wa; suggested that an

enzyme activity profile within single fibres might demonstrate a signif-

. dcant difference between fibre types,

Lowry et al. (1978) later carried out such single fibre analyses for
a number of different enzymes. A total of twenty fibres were analyzed
and compared. Yet, no significant correlation was found between CK

actvity and fibre type.
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Thorstensson et al. (1977), on the other hand, dissected 3,622 vastis
lateralis muscle fibres, after biopsies were teken from two healthy
males. 1,818 FT fibres and 1,804 ST fibres were pooled, as shown by AT-
Pase staining, and then analyzed together for CK activity. The ratio of
CK act;;ity as‘FT:ST was found to be 1.3:1. It was noted that this rep-
resents a small difference,which might’explain the difficulty in obtain-
ing a correlation enzyme activity and fibre type in experiments on whole--

,

muscle homogenates (Gollnick et al. (1974b)) or in those with small sam-

ple sizes (Lowry et al. (1978)).

Clarkson et al. (1982) recently.gave seme suppeort for the findings of
Thorstensson et al. (1977) in theif determination that resting serum CK
values éorfelated significantly with <the FT:8T ééea ratio (r=0.70,
p<0.05). The FT:8T area ratio was defined as the mean area {(cross-sec-
tional) of the FT fibres divided by the mean area of the ST fibres. The
percentage of the FT fibre area of the total ;ross-sectional area, how-
ever, did not correlate to the resting serum CK levels (r=0.12). Thus,
it was concluded that the size, not the number of FT fibres, is a factor

which may be important in determining the resting serum CK activity lev-

el.
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2.3 Possible CK Efflux Mechanisms

It is-wepparent thatlsufficient damage or injury to the skeletal mus-
cle fibr;will result in the release of CK into the circulation. This
may be a result of disease (e.g. muscular dystrophy), direct trauma, or
. ischemic or hypoxic conditions, whith result in reduced intracellular
ATP levels. Also, a subsequent regenerative response'of the muscle fi-
bre to injury has been typified by researchers (Carlson‘and Faulkner,
1983), and may be qf significance in consideration of goséiblc CK efflux . -
mechanisms. Following is a review of the possible factors which may af-
fect the integrity of the muscle cell, and the role of regenerating
skeletal muscle in the observed post-e#ercise changes in total plasma CK
activity. The complex muscular.disease processes,, which result in en-

zyme efflux, will not be discussed in this review.

2.3.1 The Process of Cell Injury Resulting from Reduced

—

Intracellular ATP : -

Some research has empha;ized that intracellular ATP levels bear a
strong relationship to the release of intracellular enzymes. It was
suggéstéd by Sweetin and Thomson (1973) that intracellular enzymes may
be retained through some role of ATP, and not simply the cell membrane,
as an inert barrier. They had observed that human ery;hfocytes did not

. - - 4 ‘—"-’___- ]
release significant amounts of enzymes until the cells had metabolized

all of the glucose in the medium.

As a cell is subjected to ischemic conditions (i.e. partially or com-
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pletely deprived of blood flow)}, hypoxia deﬁelops and the perfusion of
substrates 15 restricted. Thus, energy production via oxidative phos-
phorylation becomes inhibited. If the cell,ha§ some ﬁgpacity to p;oducé
ATP vi& anaerobic glycolyéis, energy levéls will be temporarily sus~
tained. However, under conditions which will require more energy, this

cannot continue long.

Robbins (1974) has outlined Possible subsequent events which may oc-
cur in the pathogenesis of cell injury and death. Initially, with less
energy available, the ion pumps of the cell membraﬁe will funcfion in=-
sufficiently to ;revent a net influx of sodium ions and an efflux of po-
tessium ions. The increase in solufe within the cell results in a gain
of water, and consequently, the cell begins to swell. This has beén ob-
served by Kloner et al. (1974). During an induced transient peFiod of
ischemia, swelling occurred "with the formation of iarge bleb-like fluid
spaces beneath the sarcolemma". Kloner et al. (1974) further suggest
that the lowered cellular pH, due to the producticn of lactic acid and
hydrogen ions could alse inhibit the sodium-potassium pumps, to facili~
tate cellular swelling. In the swollen state,dzﬁé cell may be more fra-

gile, and thus, more susceptible to rupture when traumatized (Kloner et

al., 1974).
; .
Robbins (1974) suggests that the decreased intracellular pH or the
change in the ionic composition of the intracellular environment somehow
leads to the release and activation of acid hydrolases from the lyso=~
somes. This would ultimately destroy the cell and it's organelles, re-
leasing enzymes, among other cellular contents into the interstitium.

’

However, Ricciutti (1972) has shown that at least one hour of ischemia

&
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was required to demonstrate a release of enzymes from the lysosomes of
papillary muscle cells. Kloner et al. (1974) found tlat even after for-

ty to sixty minute§ of ischemia, no morphological differences existed

between the experimental and control myocardial lysosomes.

These observations would thus seem to exclude the possibility that -
lysésomal activity produces the initial insult to the cell, as -a result
of reduced energy supply to the cell, in exercise. Karlson and-Saltin-
(1970) indicated that intracgllular ATP'woqld decrease to about 70 to 80
percent and CP would decrease. to about 20Q to éO‘percent of their respec-
tive resting levels, in brief exhsustive exercise, lasting from two to
sixteen minutes. Thus, although the amount of energy within some muscle
cells might be sufficiently ;educed, in heavy exercise, the length'of
time during thch their energy levels remain low, would likely be 'too
brief to invoke lysosomal enzyme release, as seen by Kloner et al.

(1974) and Ricciutti (1972).

i3 :
Thomsof™ et al. (1975) concurred that considerable physical exertion

— -

must take place to markedly lower the intracellular ATP le;els; éfterw-
hich CX efflux occurs. They documented that, after extensive stimula-
tion of the gastrocnemius muscle in the cat, for greater than three
hours, increases in serum CK activity occurred. However, no apparent
fibre damage was evident in the micrographs of the -muscle. A detailed
explanation 6f a mechanism, such as in this case, which would alter the
Cell membrane's permeability to CK, without evident damage to the cell,

has not been established. ) L

— —

In another study, Wilkinson and Robinson (1974) provided some evi-

dence, pointing out that, in addition to being a reserve of energy, ATP
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may have a direct effect in maintaining the integrity of the cell mem-
brane. In their study, rat lymﬁhocyte suspensions were incubated with
phospholipase and variableﬁﬁggﬁnts of either ADP or ATP. It was hypoth-
esized that ATP would protect the cell membrane from the degradative.ef-
fects of phospholipase, as indicated by & reduction in the leakage of -

intracellular lactate dehydrogenase. : _

The results indicated that, at concentrations greater than 5 mmol/l,
ATP reduced the amount of lacFate dehydrogenase released from the sus-
pended lymphocytes, when in the presencelof phospholiﬁasesl No such ef-
fect was found when ADP was added to the suspensions in similar concen-
trations. The apparent protective effect of ATP, defined by a reduction
in enzymes released, was found to be proporticnal to the concentration
of ATP in the suspension. These results bear some consistency with the
view‘that the maintenance of cell integrity is, to some extent, depen-
dent upon the cnergy level of the cell. Yet, the mechanism of this phe-

nomenon, and whether it occurs in muscle cells in vivo, remains unclear.

In a2 recent study, involving isometric exercise, Mayer and_ Clarkson
(1984) administered regimens on th#fe separate occasions -which, in each
case, required a tension of 40 peﬁcént of the subject's MVC strength.
However, variations were made in the number of seconds regquired “in the

3
work:rest ratios. Each subject completed a session of *contractiong.
wheréin the work:rest.ratios were 60:60 sec, 30:30 sec, and 15:15 sec.
The results showed that the greatest increases in the total serum CX oc-
curred after the 60;60 sec work:;égt cﬁdditioﬁ (the longest duration of
themthreg regimens). Since, in all regiﬁens, the’flow of blood to the

-

active muscles is restricted to a large degree at 40 percent of MVC
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i

(Gollnick et al., 1974a), greater intracellular ATP depletion within the

longer work intervals could be one explanation for the increases in the

post-exercise serum CK activities, in spite of the correspondingly long-’

-

er rest intervals. This supports the ATP depletion'theory of Thomson “et

te

al. (1975). "

4 study of glycogen depletion patterns between FI and ST muscle fi-
bres, following susta%ned isometric contractions was done by Gollnick et
al. (1974a): Through biopsy and histochemical techniques, it was re-
vealed that at intensities of less than 20 percent MVC, there is a major

vse of ST £fibres and, above this critical tension, there is a selective

-

_ use of FT fibres. It was postulated that the relative hypoxia present
in the muscle, during such isometric efforts when blood flow is re-

stricted, may be an important facter in the recruitment of FT fibres

-

(Gellnick et al., 1974a).

It might be hypothesized that during low intensity exercise, the en-

.ergy demands of the cell are such that they can be met by the more aero-

bic.ST fibres. Hence, if they are not fatigued by the duration of the
bout and int&agellular levels of AT? remain high, thé.impermeability of
the cell membrane to enzyme leakage will remaim “intact. However, at
higher intensities, a greater output and turnover of ATP is required
such that the more anaerobic fT fibres are recruited and the level of
. intracellular ATP, in these fibres, at équilibrium, is decreased. It

may be that this level of ATP depletion is sufficient to increase the

cell membrane permeability to enzyme leakage.
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2.3.2 Cell Injury Resulting from the -Trauma of Exercise

Whether or not significant elevations in total plasma CK activity can
be BVOkeQi'without irreversibly damaging the muscle cells, remains ques-
tionable. * However, it is apparent from a number of studies that exer-

cise can result in significant damage to musggi‘fibres.
~

In contrast to Thomson et al. (1973), who found no apparent fibre
damage after stimulating the hindlimbs of cats, Kuipers et al. (1983)
foﬁnd‘th;t an‘acute ﬁon-éghaustive treadmill exercise, given to rats,
cdn cause transient focal degenerative changes, whiéh are visible under
a micgoscope. Intergghingly, these changes were Pbserved to be most
pronounced 24 to 48 hours after exe;cise, demonstrating a delayed effect
which might ;orrclate to enzyme efflux. Friden et al. (1981) have also
néticéd myofibrillar disruptions at the z-bands in muscle biopsy.sam-
ples, from human subjects experiencing an exercise-induced delaved mus-

cle soreness.

An estimation of muscle damage in runners, following 50 and 100 mile

~,

uitra-marathons, has been accomplished by Matin et al. (1983), utilizing
a radioisotope perfusion and scintigraphy method. Subjects were inject-
ed with technetium 99m pyrophgsphate (Tc-PP), at a selected time befo;e

and/or at a particular time after the race. Other research has indicat-

ed that, through a number of possible mechanisms, described by Buja et

al. (1977) and Brill (1981), the injected Tc-PP would be selectively and

¥

rapidly taken up by necrosing cells. T?géj’a scintillation;camera could

provide images of the total body and selected views of the lower extrem-

.

ities, to locate the areas of muscle damage.

-

V
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The results showed that', in nine of ten cases, abnormal amounts of
Tc-PP weré'taken up by specific leg muscle groups, in the time period 24
to 48 hours after the racé. In similar follow;up analyses, the degree
of abnormality in Te-PP levels were reduced,‘in a time peried within
fiv;‘days of the race, and normal, in all cases, by seven and eight days

after the race.

ﬁhother interesting finding was that subjective ratings of pain,/sy
the subjects, on a five point scale, correlated positively with a simi-
Jdar five point rating of their respective sciﬂtigrams. indicating in-
creasing degrees Af muscle uptake of Tc-PP, by the experimenters. Al-
though total serum CK activity was evaluated only once, immediately
;fter the race, it was—vefy elevated in all runners, ranging from 485 to
34,130 IU/1, with a mean of §,640 IU/1. CK-MB activity was elevatea in
eight of the ten runners, in a range f;cm 37 to 2,049 IU/1, with a mean
of 279 iU/i; However, no evidence of myocardial damage was indicated in
the scintigrams. The significance of'this study is that it associates
further evidence of the occurrénce of muscle damage with the observation

of elevated serum CK activity, as well as the phenomenon of delayed-on-

"set muscular soreness.

Few other recent‘studies have investigated %hﬁ‘relationship of de-
layed-onset ﬁuscle sdreness to the levels of increased total serum CK
activity. Following dynamic leg extension exercises, Tiidus and Ianuzzo
(1983} found a correlation coefkicient of 0.80 (significant at p<d.005),
between muscular soreness perceived and the changes in total serum CK
activit&.' Soreness was evaluated on a ten-point scdle, at fifteen sites

on the exercised muscle.
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Also, in a recent §;udy comparing responses to downhill and level
running, Schwane et al. (1983) found extensively greater levels of sore-
ness after downhill running than after level running. This appeared to
correspond to the increased levels of plasma CK activity found after the

downhill running: However, this was not tested statistically.
’

It was also found that although the soreness persisted in some of the
runners for 24 and 48 hours  after level running, soreness was found in
all subjects after the downhill run, and persisted for 24 to 72 hours

later. This, again might be indicative of the greater damaging poten-

tial of sccentric types of exercise (as discussed in“section 2.2.6).

Byrnes et al. (1985) reported some similar findings folléﬁing repeat-
ed bouts of downhill running, as,total serum CK activity became signifi-
cantly elevated. However, the peak levels recorded did not significant-
ly correlate with the peak levels of soreness perceived, on a tem-point
scale. In spite of the findings by Tiidus and lanuzzo (1983), the re-
sults of Byrnes et al. (1985), at least demonstrates the possible diffi-
culty to be encountered when using perceived soreness as an indicator of

muscle damage.
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2.1.3 The Process of Muscle Regeneration

) §
Carlson and Faulkner-(1983) have noted, in a review, that after skel=-

etal muscle is injured, it will repair itself, while utilizing the re-
mains of the intact fibre complex. }nitially, the damaged muscle fibre
will begin to degenerate itself. fhe;Pyofibrils break into individual
sarcomeric.units and* the mitochondria, the sarcoplasmic reticulum, and
the sarcolemma begin to show disrﬁption. Satellite cells, which are
also located beneath the basal lamina, underge an activation'reaction,

which enlarge the nuclei and increase the rates of DNA synthesis.

Next to occﬁr is the breakdown and removal of the damaged components
of the muscle cell (Carlson and Faulkner, 1983). Macrophages, neutro-
phils, and some other phagocytic cells enter the area, through the local

.

circulation, to accomplish this function.

Once the myoplasmic debris has been removed, the regeneration of a
ne* fibre begins. Spindle-shaped myoblast cells fuse together te form
multinucleated myotubes. The myofibrils, in turn, intensively synthes-
ize contractile proteins and arrange them into. regular arrays of myofi-
laments. As thé myotube matures, & greater proportion of it's volume is
represented by contractile proteins. The nuclei become more compact, as
they migrate to the periphery, at which point the myotube is then clas~-

sified as a muscle fibre (Carlson and Faulkner, 1983).

In a histochemical study by Vihko et al. (1978a), evidence indicating
that degeneration and regeneration of muscle occurs, following exhaus-
tive exercise, was shown in experimental mice. 1In particular, hindlimb

muscle tissue samples were removed from untrained mice, 1, 2, 3, 5, 7
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or 15 days follo@ing an exhaustive run on.a motor-driven treadmill. Se-
rial sections, stained for particular hydrolases, indicative of muscle
lyspsomal activity, revealed: that the strongest activity was recorded

following at least two days following exhaustion.

An increase in the activity of B-N-acetylglucosaminidase was two and
three days after exercise, in red oxidative fibres, with the less oxida-
tive white fibres demonstrating a smaller degree of activity. By the
fifth and seventh days post-exercise, the predominance of activity gran-
ules increased further. However, the B-N-ace}ylglutosaminidqge activity

was again only slight by'fifteen days after exhaustion.

Further histological analyses revealed that changes in B-glucuroni-
dase activity were even more clearly evident from three to seven days
after exercise exhaustion. In a similar manner te the analysis of B-N-
acetylgkrcosaminidase activity,- the strongest activit# occurred in the
red fibres, as opposed to the white fibres, or in the interfibrillar
area. Vihko et al. (1978b),_has suggested that this may occur as ;ffé-

sult of greater recruitment of the oxidative red fibres during the exer-

cise period.

' The animal study by Vihko et al. (1978a), also showed that degenerat-
ing and necr;tic fibres, as evidenced by the presence of mecnonuclear,
phagecytic cells, were observed to be greatest at two and three days af-
ter exercise. The observation of regenerating fibres, as indicated by
the the presence of centrally located nuclei, did not occur until the
fifth and seventh days after exercise. By the fifteenth day post-exer-
cise, there was no remaining evidence of degenerating fibres. However,

regenerative changes. were still seen in every sample at this time,
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although to a lesser degree than seven days post-exercise. These obser-
vations thus correspond to the ‘sequence of events in muscle regenera-

tion, as out{?ned by Carlson and Faulkner (1983). .

In the study by Kuipers et al. (1983), on untrained rats, running for

one hour, at a submaximal intensity, a similar time course for these

changes was observed. Some focal disorganization of my6fibrils and mi-

nor signs of degeneratioﬁ were observed immediately post-exercise. How-
ever, further degenerative changes were clearly visible after twd to
three hours, and were most pronounFed within the 24 to 48 hour period.
Similar recent histological evidence of skeletal muscle injury has been

also found, in rats, resulting from eccentrically-based exercise, by

Armstrong et al. (1983).

It woﬁld seem reasonable to assume that similar processes would occur

as a result of exercise in human skeletal muscle. The factors which de-
termine the time course of such muscle degeneration and subsequent re-
generation, after exercise-induced damage, may'fepresent the same cause
of delayed increases seen in total plasma CK éctivity. If this is so,
it would then seem . likely that the release of intracellular. enzymes

would be greatest during the period of muscle degeneration.

-
=

——



Summa'ﬂ ‘

In csnsideration of the possible m$phani5ms of CK efflux, iE would
appear, that studie; have indicated that intracellular ATP depletionm,
traumatic cell injury, and the process of muscle cell regeneration may
play sigﬁifigznt roles. Additionally, a review of past research has in-
dicated that there are several other indirect, but impo;tanf, factors
which complicate the relationship between total plasma CK activity and
exercise. However, invgﬁtigations have primarily observed the effects
of h%gh levels of intensity or duration of physical exertton upon chang-

es in total serum CK activity.

It_would be interesting to observe .the patterns of change in total
plasma CK activity as a result of relatively “\low intensities of exer-
cise. Through such én investigation, a threshold intenéity may be
found, below which total serum CK activity does not change post-exer-
cise. This hypothetical threshold may be representative of an energy
threshold, whereby greater energy output results in large enough deple-
tiens in intracellular ATP to result in membrane permeabiifty chénges.‘
On the other hand, this theoretical thresheld may also be representative
of a particular level of muscular force exerﬁgé? above which, disruption
of the myofibrils begins to take place, resulting in enzyme leakage into
the blood. Nevertheless; it is poss;ble that such an investigation, at
lower intensities of exercise, which controls the factors which have
been deemed influential, may help in fﬁrther describing the general re-

sponse of the total plasma CK activity levels to exercise.



- Chapter 1l -~

METHODOLOGY

3.1 Subjects‘

I

W

Nine sedentary male subjects, between the ages of 21 and 31 years of
age, participated in this study. In accordance with the Department of
Kinanthropology poliecy regarding the use of human subjects, each indi-
vidual was'given a written éeneral description of the study and its ob-
jectives. Also included in this document was a description of the ex-~
perimental procedure in which each subject would participate @and a
description of the risks inveolved. Further quesﬁions‘were given reason-
able explanations and each subject signed an Informed Consent Form (see
Appendix A) to attest that this was done to his satisfaction and ihat

consent had been given to participate under the conditions described.

}

3.2 General Experimental Procedures

-

Each subject volunteered to participate in this study for a peried of
about two weeks. On three separate exercise days, each subject was re-
quired to repeat a given exercise isometrically, under controlled condi-
tions, at 10ﬁ, 3 %,.and 50% of his premeasured MVC strength. The order
in which each of the separate exercises were done, with respect to in-
tensity, was randomized for each subject prior to the start of the

study.
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" The following schedule explains the procedures which took place on

each day of a fourteen day testing period.

DAY 1: Screening Day

After questioning the subject about his current physical
activities, and under the condition that he had not engaged in
any strenuous, new, or prolonged activities in the two days
prior to,this day, a small blood sample was taken,. with a lan-
cet, from a fingertip and ccllected in. heparinized capillary
tubes {approximately 300 to 360 ul.) The tubes were ghen cen-
trifuged at 11,500 rpm for ten minutes and the plasma was then
taken and stored in the refrigerator at a temperature of three
to five degrees Celsdus. All subsequent blood samples were
also taken and stored in this manner.

A determination of the total plasma CK activity for that
blood sample was made shortly after collection. If the total
plasma CK activity level was above & criterion level of 100.0
U/1, another day of rest was indicated to allow the activity
level to decrease further.

DAY 2: MVC Strength Test Day

A determination of the subject's maximal voluntary contrac-
tion (MVC) strength for an isometric, two-legged, knee exten-
sion was made (see Measurement of MVC Strength).

DAY 3: Rest Day

No testing took place on this day. However, the subject
was reminded not to engage in any strenuous, new or excessive-
ly prolonged physical activﬁties during this peried and
throughout the study peried.

»

DAY 4: Screening Day

»
No testing took place on this day. However, as on DAY 1,

one blood sample was taken and the total plasma CK activity .

level was measured to determine if another day &f rest was re-
quired.

DAY 5: Exercise Day

Prior to the start of exercise, a,resting blood sample
was taken. '

After preparation (as in the MVC Strength Test prepara-
tions), the subject performed isometric¢c leg extensions at one
of the selected intensities (ie. 10% MVC, 30% MVC, or 50% MVC)
for periods of ten seconds in duration, between which rest
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periocds of twenty seconds were allowed. While observing a-
feedback monitor, which responded to the tension developed
across the load cell, the spbject attempted to maintain the
isometric tension output at the appropriate selected percent-
age of MVC strength. Measurements of the actual force exert-
ed, during each of the contractions, were recorded by a micro-

computer system {see section 3.4 The Exercise Session
Apparatus).

In order that the total impulse (force exerted over time)
among the three separate exercise days, was constant, the to-
tal number of contractions to be done varied depending upon
the amount of isometric force to be exerted. These were done
as follows: ' '

(i) For the 10% MVC contractions, a total of 105 contrac-
tions were performed.

(ii) For the 30% MVC contractions, a total of 35 contrac-
tions were performed.

(iii) For the 50% MVC contractions, a total of 21 contrac-
tions were performed. ‘

At the completion of the exercise period, the time was

. noted and & post-exercise blood sample was taken within five
minutes. Thefeafter, blood samples were similarly taken at 2,
4, 6, 8, 10, 12 and.l4 hours post-exercise. After centrifuga-
tion and separation of the plasma, at each sampling time, each
of the plasma sdmples was stored in the refrigerator, at three

to five degrees Celsius, to be analyzed together at a later
‘time.

DAY 6: 24 hr Post-Exercise Sample and Second MVC Test

On this day, a 24 hr post-exercise blood sample was taken
and stored,and a second determination of the subject's MVC
—strength was made.

DAY 7: Rest Day

On this day, the subjects were reminded tc not engage in
any strenuous, new, or excessively prolonged activities. As
on DAY 3, no exercise testing took place.

DAY 8: Screening Day
No exercise testing tock place on this day. However, as in
DAYS 1 and &4, one blood sample was taken and the total plasma
CK activity level was measured to determine if another day of
rest was required,.

55



DAY 9: Second Exercise Day

“As in DAY 5, the procedures followed were the same, except
the exercise was done at one of the two other .selected inten-
sities, and for the appropriate total number of contractions.

DAY 10: 24 Hour. Post-Exercise Sample & Third MVC Test
On this day, one 24 hour post-exercise blood sample was
taken and, as on DAYS 2 and 6, a determination of maximum
strength was &gain made.

DAY 11: Rest Day

»
e,

On this day, the subJect was again reminded to refrain from,

any strenuous, new, or excessively prolonged activities. As
on previous rest days, no exercise testing took place.

DAY 12: Screening Day

No exercise testing took place on this day. However, as in
DAYS 1, &4, and 8, one blood sample was taken and the total
plasma CK activity level was measured to determine if another
day of rest was required.

DAY 13: Third Exercise Day'

As in DAYS 5 and 9, the procedures followed were the same,
except the exercise was done at the third selected intensity,
for the appropriagte number of contractions.

DAY 14: 24 Hour Blood Sample

. Only the 24 hour blood sample was taken on this day.

-56
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- 3.3 Measurement of Maximal Voluntary Contraction Strength

Maximum voluntary contraction (MVC) strength is defined, for this
study, as the greatest amount of force which can be developed against an
unyielding resistance and maintained in a single contraction for a dura-
tion of one second. Each subject performed 20 maximal‘voluntary isomet-
ric gbntractions, which were mai;tained for two to three seconds. Each
MVC was separated by & one minute rest interval. The highest of the 20

measures was accepted as the MVC strength for the subject on' that par-

ticular day.

This test for MVC strength of the kneé extensors was done with the
subject in a sitting pogition on a table, with the knees extended such
that the acute angle at the lateral epi;ondyle of the knee, betweén the
greater trochanter of the femur and the lateral malleclus of the fibula,
was 120 degrees. Stabilization during each contraction was provided by:
(L) tﬂe weight of the upper body, (ii) the table surface and a back rest
at a right angle, (iii) a seat belt, which crossed over the thighs, near
the hips, and (iv) the hands, which gripped the sides of the table (see
figure 3.1). A previous study of videotaped trials revealed that, in
such & stabilized position, ghe knee angle of 120 degrees would be main-
tained between.trials withid a +/=- 5 dggree range.

The extensions were done with both legs against a padded beard, which

was placed in position above the ankles. The exact position of the

.

board was determined by first measuring the distance- from the lat

epicondyle of the femur to the lateral malleolus of the fibula. A land-
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mark was then made with a marking pen at a point, 75 percent of this

length, from the lateral malleolus. This would ensure a consistent lev-

er arm length, for each contraction, as the board was centred at th;g

.
-

Iandmark.
\ o

The padded board was connegtédfto a load cell (Lebow A4ssoc. Inc.,

. model 3132), which, in turnm, wa§ connected to the table beneath the sub-

ject with & chain fsee figure 3.1)7‘ The chain length was adjusted such
that the limit of extepsion.of the knee occurred at an angle of approxi-
mately 120 degrees. This was fddilitated by the use of a prééractor de-
vice. The voltage chagges in ther load cell were amplified in a bridge
amplifier (Honeywell Inc., Acéudata 218) and the siéna;s were digitized

using an Applescope Analog to Digital Converter (RC Electronicg Inc.,

APL-D2 system), in conjunction with an Apple micro-computer system (see

~figure 3.2). A visual output of the voltage changes could Be,seen on

the cathode ray tube FCRT) monitor of the system. The recorded data

were subsequently stored on 5 1/4 inch diskettes, for later analysis.

-

Calibrations of the exercise apparatus was done prior to!each of th;
testing sessions with known weights. Subsequent force determinations
for each of the trial measurements were calculated from the linear re;
gression equation of the given calibration forces on the recorded milli-

volt deflections.



BACK REST - SEAT BELT
¢ 1\
TABLE LEG -RESTRAINER -
n__!
\ LOAD GELL
CHAIN ‘ ' QUTPUT LINE

(anchored to the table and
attached to the load cell)

Figure 3.1: Diagram of the experimental apparatus {(excluding

tHe recording apparatus).
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ANALOG TO DIGITAL CONVERTER
WITHIN & MICRO-COMPUTER .

VISUAL DISPLAY ON A
C.R.T. TERMINAL

!

@ DATA STORAGE ON A DISKETTE
S ‘

0

-,
Figure 3.2: A schematic diagram of experimental recording

system.
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3.4 The Exercise Session Apparatus

The exercise~gession, as outlined in the General Expérimentai Proce-
dures previously,! took place on the same apparatus .as for the MVC
strength test. However, in each of these sessions, the subject was able

to see an instantaneous measure of his force output on a’ CRT monitor,

. -t
‘placed in front of him. The micro-computer screen displayed the output

of the load cell, as digitized using an Applescope Analog to Digital

-

Converter (RC Electronics Inc., APL-D2 system).

_ - e ——————s

Prior to the session, the oscilloscope beam was set and marked on a

i

line, on the monitor, by adding a weight to the load cell which resulted

A
in a force equal to the appropriate preselected tension. Consequently,
with the feedback on the monitor, the subject, was able to maintain the- -

tension exerted &t the same preselected level.
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3.5 The Determination of Total Plasma CK Activity

The saﬁples of plasma were assayed for their total creatine kinase
activitydn a method originally used by Oliver (1955), and since modi-
fied by Rosalki (1967) and Szasz et al. (1976). The assay reagents were

provided in kits by Boehringer Mannheim Ltd. (Cat. No. 126357).
4

"

[

.5.1 Assay Principles

Creatine kinase reversibly catalyzes the phesphorylation of creatine
i

by ATP in the feollowing reaction equation:

pH 9.0 Mg +2-->

Creatine + ATP < . > Creatine Phosphate + ADP (L

<--pH 6.8 Mg +2

The estimation of total creatine kinase activity in this assay was
based upon the production of creatine and ATP, through the "reverse" re-
action. The formation of ATP in reaction (1) was then coupled with the

following two reactions:

hexokinase

ATP + glucose <———— > ADP + glucose-6-phosphate (2)

G-6-PDH

G-6-P + NADP+ <————> @-phosphogluconate + NADPH + H+ (3)
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The conditions w;re fixed in.the reagent solutions, such that the
aﬁxilihry enzymes, substra;es, and cofactors, other than ATP, were not
réteglimiting in the ab;;e reactions. Thus, the formation of NADPH pro-
“ceeds- at the same rate, in reaction (%), as the formation of ATP, in
equation (1), in equimolar amounts. The rate of NADPH formation can be
measured photometrically, based on the principle that the reduced cocﬁ-
zyme, NADPH, absorbs ultraviolet light at a wavelength of 340 nm, where-
as the, oxidized form, NADP, shows no absorption (Adelph and Lorenz;

1982). Therefore, the total creatine kinase activity is directly pro-

portional to the rate of change in the absorbance measures at 340 nm.

3.5.2 Assay Reagents

The reagents for this assay were prepared as outlined in the guide
for CK analysis by-Boehringer and Mannheim (Cat. mo. 126357 and 181188).

The working solution was prepared to contain the following concentra-

tions of reagents:

Imidazole buffer: 0.11 mol/l, pH 6.7

Glucose: 21 mmol/l

Mg-acetate: 11 mmol/1

EDTA: 2.1 mmol/1

ADP: 2.1 mmol/1l

AMP; 5.2 mmol/1

Diadenosine pentaphosphate: 10.5 umol/l

NADP: 2.1 mmol/1 i
Hexokinase: >=2.5 U/ml .
Glucose-6-phosphate deydrogenase: >=1.6 U/ml
N-acetylcysteine: 21 mmol/1

creatine phosphate: 31 mmol/1}

These represent the optimum reaction conditions for CK actjivity measure-

went as outlined by Szasz (1976).

C
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Szasz (1976) also reports that creatine kinase is rapidly inactivated

as a result of the oxidation of the sulfhydr&l groups in its active
sites. Thus, in order to reactivate the enzyme, thiol compounds may be
added to the reagents used. In the Boehringer Mannheim assay kit, N-a-
cetylcysteine (NAC) was used as the enzyme activator, in a concentration
of 21 mmol/1. ‘

Prior to analysis, the plasma samples had been stored iﬁ the refrig-
‘eratox, at a temperature between three and five Celsius degrees. It has
.Been reported that creatine kinase could be reactivated to within two
percent of the original activity measurement, if the sample is stored at

four degrees Celsius for up to .seven days (Szasz, 1976; Boehringer Mann-

heim Guide for CK Assays). This was confirmed in a pilot study prior to

this project.

3.5.3 Assay Procedures

The procedures for this assay were done as outlined in the gufae for
CK analysis by Boehringer and Mannheim (Cat. no. 126357 and I§1188).
Prior to the addition of the plasma sample, 1000 ul of the reagent solu-
tion was pipetted into a semi-micro cuvette (Spectrovette semi-mic;g cu-
vette UV #119). Subsequently, the cuvette was covered and placed inte a
temperature controlled water bath (American Dade, Tek-Bath B6990) to
bring the solution to a reaction temperature of 37 degrees Celsius. The
plasma sample, which had been stored in a sealed}capillary tube in the

refrigerator, was transferred into another capillary tube, and left

open, to facilitate pipetting directly from the tube at the appropriate -

time.
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To begin the assay, 20 ul of the plasma sample was pipetted inéo the .
pre-incubate& reagent solution in the cuvette. The solution was mixed
by covering and then gently inverting the cuvette several times. At
this pointf the cuvette was replaced into the water bath, to maintain
“the reaction temperature, and a stopwatch was started. Readings of the
absorbance of ultraviolet light, at a wavelength of 340 nm, were ﬁudc
through the sample on & spectrophotometer (LKB Biochrom Ltd., LKB Ultro-
spec 4050). At exactly 5:00 min, the first readiné of absorbance of the
sample, was made. The sample was again replaced in the water bath, and
subsequent readings of absorbance were made at exactly 10:00, 15:00,

20:00, 25:00, and 30:00 minutes.

Enzymes are not measured in terms of weight becaqsc many.of them can-
not be conveniently isclated in pure form. Thus, they are conventional-
ly quantified in terms of their respective activities; that is, the
amount of substrate they convert per unit of time. The International
Unit (U) of enzyme activity was defined by the International Commission

on Biochemical Nomenclature (1972) as the amount of an enzyme that will

convert one micromole of substrate per minute under standard conditicns.

In clinical chemistry, enzyme activities are ysually measured in ref-
erence to the volume of the enzyme solution, whether it be serum, plas-
ma, or other body fluid. Thus, with one litre as the reference volume,

enzyme activity is often measured in International Units per litre

(U/1).
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4 factor for the determination of the total plasma CK activity was

-

derived from the following formula:

a(ébs)/min x total assay volume x 1000 ml/1
CK activity = -==---------scomooomcomcosoocmommoo oo m o e nee

M.E. coefficient x light path ¥ sample volume
Y : .

where:
d(abs)/min = the calculated rate of change

absorbance per minute

s

total assay volume = volume of the reagz;t solution
and the sample = 1.020 ml
1000 ml/1 = a factor for the conversion of the units
to U/1
M.E. coefficient = the mOIAr extinction coefficient for NADPH
at 340 nm = 6.3 cmZ/umole
light path = the width of the cuvette = 1 em

sample volume = volume of the enzyme containing plasma sample

0.020 ml

Therefore, the calculation for total plasma CK activity, at 37 degrees
Celsius, becomes: | ,
d(abs)/min x 1.020 ml x 1000 ml/1
---------------------------------- = d(abs)/min x 8093

6.3 em2/umole x 1 em x 0.020 ml

= total plasma CK activity

in U/1
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The determination of the rate of change in absorbance, d(abs)/min,
required to calculate the total plasma CK activity, was done through a
linear regression. A least square estimate of the slope was obtained

from the regression of the absorbance values on time.

3.6 Statistical Analyses

Initially, a two-way anﬁiysis of variance with repeated measures was
used to analyze the collected data. The intensity of the exercise and
the time of the blood saﬁple were the two independent variables in the
analysis, while the measured total plasma CK activity, served as the de-

pendent variable.

Significant changes in the total plasma CK activity were determined
post-hoc with a Tukey test, modified for repeated measures. Thué, com-
parisons were made among the peak to£31 plasma CK activities at each se-
lected intens;ty.. Also, attention was giveﬁ to when significant in-
creases in total plasma CK activity were seen, and when peak activity

occurred, within each intensity level.



.Chapter IV
RESULTS AND DISCUSSION

4.1 Results .

This chapter will begin with a brief section which describes the sub-
ject group, followed by a section on the results of the responses to the

-

separate MVC tests.

Following these results will be . a section on the responses of the to-
tal plasma CK activity to each of the given treatment intensities of ex-
ercise. The analysis of these responses represented the main area of

. investigatioen.

4.1.1 The Subject Group

Nine male sedentary subjects were tested in this study. Prior to the-
Start, it was determined that none of tﬁ; individugls were currently in-
volved in & program of-regular physical activity, or had been Envolved
in one within the past @;nth. As agreed, they did not participate in
any strenuous, new, or proloFged physical activities for the duration of
the study. |

7N

5 i
v 1

The ages of the subjects were between 21 and 31 years, the mean age

being 25.5 years (§.D. = 3.4 vyears).

o~
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4.1.2 The Maximal Voluntary Contraction Méasurements
A

The mean maximal voluntary contraction (MVC), measured in newtons (N)

of force, have been recorded for each of the test days in Table 4.1.
The individual results, regarding the measured MVCs may be found, in &
table, in Appendix B. Also included in Appendix B, are the order in

which the treatment intensities were administered, on each separate

‘testing day, and the absolute forces, which these intensities represent-

ed.
U +
I ) I
| |
I ' |
l Table 4.1 |
) l
| Mean MVC Test Results for Each of the Three Test Days |
[ |
f Test n Mean MVC Standard

| Day (Newtons) Deviation

I l
I 1 9 1393 357 |
] 2 9 1748 408 |
] 3 S 1724 375 |
l |
I [
e e e e e oo —m e e m o e e mmmmmmmmmm o mmmmmo oo +

A one-way ANQVA for repeated measures on the recorded MVCs has been
summarized in Table 4.2. Following this, in Table 4.3, are the results
of the Tﬁiey post-hoc analyéis.

-



Table 4.2

Summary of ANOVA with repeated measures, examining,
the recorded MVCs over the three test days.

Source Sum of df Mean F
squares square

Day of Test 125458.72 2 62729.36° 7.52 =*

Subjects 3342512.41 8 « 417814.05 50,09 *

Error 133453.00 16 8340.81"

% significant p<0.0S
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Table 4.3 -
Results of the Tukey post-hoc comparisons for the
effects of the given day of the MVC test upon the
measured MVC. Tabulated are the differences in mean
MVCs, in newtons, between two given test days.
The calculated shortest significant range = 111 N.

-

|
|
i
I
|
]
|
|
|
I
|
Day 1 Day 2 Day 3 |
' |
|
|
|
|
|
!
I
|
I
I
!
I

Mean | 1593 N 1748 N 1724 N

Day 1.. 1593 N | =====- 155 % 131 *
l .

Day 2 1748 N | = ====e- 24

|
Day 3 1724 N} ===ee-

* significant p<0.05

e Measurements of Total Plasma Cresgtine Kinase

The mean values of the measured responses of the total plasma CK ac-
tivity, to each of the given treatment intensities, over time, have been
recorded in Table 4.4, and are illustrated graphically in Figure 4.1.

The responses of the total plasma CK activity, for each subject, may be

- )

found in Appendix C. : \\\’\\\
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Table 4.5

Isclation of the pre-exercise total plasma CK
activity values (U/1 at 37 deg. C.), from each
of the three test days, to illustrdte the inter-
and intra-individual variation (S8.D.= standard |
deviation, C.V.= coefficient of variation).

Subject DAYl DAY2  DAY3 Mean s.D. c.v.
W 78.1  64.9 76.7 73.4 7.5 10.2%
PS 82.2 73.4 92.6 82.7 9.6 11.6%
KM 67.2  66.4 74.6 69.4 4.5 6.5%
PT 91.6 90.0 89.2 90.3 1.2 1.4%
PM 88.8 82.3 90.5 87.2 4.3
BH 31.4  38.4 52,4 40.7 10.7 26.2%
™ ' 69.4 72.7 60.4 67.5 6.4 9.4%
MD - 82.7 86.6 76.3 81.9 5.2 6.4%
AG 83.4 82.4 62.9 76.2 11.6 © 15.2%

Mean 75.0 73.0 75.1
S.D. 18.2 7 15.6  14.3
c.V. 24.3% 21.4% 19.0%

Mean inter-individuzl coefficient of variation= 21.6%
Mean intra-individual coefficient of variatjon= 10.2%

[
I
I
|
|
l
|
|
i
I
|
l
l
l
|
|
5.0% -7
I
|
|
|
I
[
[
l
I
I
I
!
]
l
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Table 4.6 I

| o |

Summary of an ANOVA with repeated measures on two |
factors, examining the effects of exercise intensity |
and the time of sampling upon the measured total I
plasma CK activity. |
|

I

|

I

|

|

ST

significant p%0.05

_ Source Sum of df Mean F
squares . square

Intensity 21544.72 2 10772.28 5.79 * |
‘Error 29757.17 16 1859.82 |
. . I
Time ' 14764.38 9 1640.49  13.01 ¥ |
Error 9077.56 62 126.08 |
— |
Int. X Time 7712.09 15 428.45 3.35 % ||
Error - 18396.62 144 - 127.75 N
I
I
|
l

"75
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Table 4.7
ANOVA summary table examining the simple main effects
of exercise intensity and the time of sampling upon
the measured total plasma CK activity.
Source Sum of af Mean F
squares square obs.
Intensity . . .
Int. &t Pre 25.28 2 12.64 0.04
Int. at Post 135.57 2 67.79 0.22
Int. at 2 hr 526.56 2 263.28 0.88
Int. at 4 hr  1377.40 2 688.70 2.29
Int. at 6 hr 1768.98 2 884 .49 2.94
Int. at 8 hr 2648.54 2 1324.27 &.40 *
Int. at 10 hr 3330.14 2 1665.07 5.53 %
Int. at 12 hr 5597.33 2 2758.66 9.30 =*
Int. at 14 hr 7959.76 2 3979.88 13.22 *
Int. at 24 hr 5887.10 2 2943.,55 9.78 *
Error ‘ 48153.79 160 300.96
Time .
Time at 10% 1364,73 9 151.64 1.19
Time at 30% 2368.39 9 263.16 2.07 *
Time at 50%  18743.31 9 2062.59 16.37
Error 2747418 216 127.20

e
i

significant p<0.05 -~
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| Table 4.8 I
I - |
| Results of the Tukey post-hoc comparisons for the ]
| simple main effects of intensity at the 12 hour |
| sample time. Tabulated are the differences in mean |
| total plasma CK activity levels, between gi}gg

| "intensities., The calculated shortest significant |
| range = 26.3 U/1 (p<0.03). |
| - iy I
| . | !
| Intensity | 10% MVC 30% MVC 50% MVC |
| o | I
| mean U/1 | 82.2 B8.4 115.4 |
e |
I |, !
[ 10% MVC  82.2 | =--~=--- 6.1 33.2 * i
| , A I . |
| 30% MVC  88.4 ] 0 ee=e-- 27.0 * |
I l I
| 50% Mv€¢ 115.4 | =emee- |
] ' I
| * gignificant p<0.05 |
| : |
| B !
T et T R PRI IR +
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Teble 4.9

Results of the Tukey post-hoc comparisons for the
simple main effects of intensity at -the 14 hour
sample time. Tabulated are the differences in mean
total plasma CK activity levels, ‘between given
intensities. The calculated shortest significant

| |
I |
| |
| |
| |
| |
| |
| |
| |
I |
| range = 26.3 U/l (p<0.05). v |
| |
| ‘ |
| Intensity | 10% MVC 30% MVC 50% MVC |
| I ) ‘ |
| mean U/l |  81.8 85.3 119.8 [
B S
| 10% MVC  81.8 | -=-=-- 3.5 38.0 = |
l [ , l
[ 30% MVC 85.3 S 34.5 ¥ |
l . [ C [
| 50% MVC 119.8 b eeemaea i
| i
| * significant p<0.05 ]
| - R
I - |
+-----—--~~—-—----~--—---------------------F----} ---------- +
g



Table 4.10

Results of the Tukey post-hoc comparisons for the
simple main effects of intensity at the 24 hour
sample time. Tabulated are the differences in mean
total plasma CK activity levels, between given
intensities. The calculated shortest significant
range = 26.3 U/l (p<0.05).

[
mean U/l | 74.6 - 81.0  108.6
................. hmmmmmmmmmemecaemm e ———————
|
10% MVC  74.6 | =eee-- 6.4  34.0 %
|
30% MVC  81.0 |  eeee- 27.6 1
|
50% MVC 108.6 | S

[
|
|
|
|
I
|
|
|
J
l
I
Intensity o] 10% MVC  30% MVC 50% MVC |
f
!
|
I
|
|
|
!
|
I
* significant p<0.05 !
|

[

RO ey,

79



*1oA9T 50°'0>d ay3 3e JuedTITUbYS

..... : . 9°80T YH ¥
S S S . A grett um et
d
8'9 by ———-- . P*GTT WH 2T 1T
d
L0, S*'0T T°9 ———— £'60T ¥H OT W
v
' 1 L°21T ¢€£°'8 AR AN LT T'¢O0T ¥H 8 S
£'8 *m.mﬂ 1°'sT 0'6 8'9 ——— £'00T1 d4H 9 d
: 0
€T 6°GZ _T'1¢ @ST  8'¢T 09 ———— €°V6 4H ¥
¥ ¥ . , . .‘mf.l.l
€°22 G°€E€ 1'6Z¢ 0O°€Z . 8'0C O'pT ©'8 —e— £'98 Y¥H ¢ W
¥ ¥ ¥ % * : T
9'8Z --8'6¢ p'SE  €£'62 T'LT  £'0Z  €£°PT £°9 ————— 0°08 XI-LS0od I
s ¥ * ¥ ¥ ¥ *
9'EE 8Py ¥°Ob €°VE T*Z¢ £°62 £°6T £€*'1T  0°'S w—=ww | 0'GL XE-TY4
» ¥ * s ¥ ¥ ¥ ¥

9°'BOT 8°'6TT ¥°STT €°60T T°LOT €°00T €°¥6 £'98 0°08 0'sL zcmr

dH v¢ YH ¢T d9H T dYH OT dWH 8 ¥H 9 UH § dH € LSO0d XH~ddd

7y -~

ATdWNYS 40 JWIL

*{50°0>d) 1/0 0" LT ST abuex jueoyITubis 3sajaoys

pajernoTed oyl ‘*Sawtl UIATD usemijaq ‘(D *bep Lg 3Ie T/0 UF) STIAST A3tTaTioe D
euseyd T30} UERBW UT S9OUDABZITP 99U} 9ae pajelngel *AJTSUSIUT DAW $0S m:u.uw
PwT3 JO S309335 utew ofdurs a8yl I03 suosTiedwod ooy-3sod Aaynl oyl Jo s3Tnsayd I1°F 919%l



4.2 Discussion -

£
PO

The finding that the mean measures of MVC increased significantly for
the group, as a whole, after the first MVC test day, would seem to rep-

resent an unforeseen adaptation. towards a more cfficient technique in

force production. This is in spite of allowing each subject twenty tri-

als to obtain his MVC.

It might be suspected that the MVC test répresented a sufficient im-
pulse to produce strength gains, within the knee extensors, particularly
in sedentary subjects. However, this idea is somewhat contradicted by

the fact that no further significant increase was found between thé sec-

ond and third MVC tescts.

In any case, the protocol was designed so that each individugl's ab-
solute exercise treatment intensity was determined relative to his most
recently determined MVC. Thus, the possibility of incorrectly applying
a particular intensity, relative to an MVC test, which was done two
weéks earlier, was controlled for. Furthermore, the order of the given
treatment intensities were varied, to control for any biasing factor,
which may occur as a result of the treatment order.

i

Although not in the main focu? of the study, the isclation of the
pre-exercise total plasma CK activity values, from each of the test days
{(in Table 4.5), indicate that the experimcntal pre-iest conditions and
screening procedures produced exceptionally good estimates of basal to-
tal plasma CK activity levels. As found by Nicholson et al. {(1983a),

the data of this study showed that the inter-individual variation (mean
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C.V.= 21.6%) was much greaﬁer than the(;alculated intra—ind;vidual var-
iaition (mean C.V.= 10.2%).’ In comparison, Nicholson et al. (1985&1
measured a mean inter-individual coefficient of variation (C.V.) of 47%,

. e , L .. .
and & mean intra-individual coefficient of variation of 19%, in fifteen:

subjects.

The finding that the coefficients of variation, in this study, were
i
much smaller than those found by Nicholson et al. (1985a), is most like-
~ .

ly due to more specific pre-test instructions and the use of a pre-test

L

screenipg procedure. The importance of not engaging in any strenuous,
new, or excessively prolongéd physibal activity was st%essed to eaéh of
the subjects frequently throughout the study -period. This request may ’
have been ::;nforced to a greater extent, and more specifically,‘than
when apparently given by Nicholson et al. (1985a). 1In their sﬁudy, the
subjects were apparently asked only "to aveid all forms of recreational

exercise on the three days prior to each venesection'.

~

Furthermore, unlike the procedure used by Nicholson et al. (1985a), a
pre-test screening procedure was used in this study. Thus,, if total
plésma CK activity were found to be above criterion levels, an extra day
of rest was given, in order that the eiercise treatment days began &ith‘
near-basal activity lqvels. This was particularly important for this
study, since it was expected that.the exercise treatment intensities
given would evoke only relatively small changes in total plasma CX ac-

tivicy.
L

In comparing the effects of different intensities upon the total
plasma CK -actiwity, at given times of sampling, it was found that the

50% MVC treatment produced significant elevations (p<0.05) zbove the 10%
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MVC and 305 MVC treatments, but only at the 12, 14, and 24 hour sampling
K ]

time (see Tables 4.8, 4.9, 4.10).+ No significant differences were found

between the 10% MVC and 30% MVC treatments, at any of the times of sam-

pling.

+

A close examination of the ANOVA summary in Tablg 4.7 will reveal
that significant differences in the total plasma CK activity due to the
simple main effects of the exercise intensity at given times of §Ehpling
occur also at the 8 and 10 hour sampling time. However, Tukey post-hoc

b -

analyses did not reveal any significant differences at these times of

sampling at the p<0.05 level of significance. This is explained by the

‘relatively greater conservativeness found in the Tukey post-hoc proce-

dure towards type I errérs, than found in other post-hoc procedures
(Keppel, 1973). This post-hoc approach was specifically selected for
this study iﬂ the interest of reducing the experimentwise error rate
(ie. the probability of making one or more type I errors in a set of
multiple comparisons).' Unfortunately, the result of this conservative
approach is a decreasedlsensitivity for‘dete;tiﬁg real'differences when
they exist (Keppel, 1973). Significant differences in zotal plasma CK
activity among the times for the 30% MVC treatment (see Table 4.7) were

not found in the post-hoc analyses for the same reasop.

As expected, significant differences were nnt seen until the later

sampling times, due to a delay in the elevated total plasma CK activity,

which has been well-documented in numerocus studies. However, it was sur-
prising to note that the elevation in activity, due to the 50% MVC in-
tensity, was still significantly higher than the measurements at the 10%

MVC and 30% MVC levels, at the 24 hour sampling time. This is particu-

.
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larly interesting in light of the fact that the 50% MVC treatment was

only given for a total of 3.5 minutes.

It was earlier suspected that significant differences in activity
levelglmight have been found, at some time, between the 10% MVC and 30%
MVC\ treatments. However this was not shown. This hypothesis was par-

tially@based upon the findings of Gellnick et al. (1974a), who examined

the glycogen depletion patterns between FT and ST muscle fibres, follow-

- -

ing sustained isometric. contractions. They-revealed through the histo-
chemical analyses of biopsy samples, that at intensities below 20% MVC,
there is a mejor use of ST fibres, and above this> critical tension,

Pl

there is a selective use of FT fibres.

It was postulated in this study that some cell injury might occur as
muscular tension rises above this tbreshoid. At levels below 20% MyC;
where the demands of ATP are aptly met by the aercbic ST fibres, end
where the number of motor units recruited are relatively small, it would

seem unlikely that the integrity of the muscle cell would be affected.

-

-

The differences expected may not have been seen due to two possibili-
ties. Firstly, the actual FT recruitment threshold in the subjects of
this study may have been higher than suggested by Gollnick et al;
(197&&): In this case; relatively few ¥T motor units would have been
recruited, thus reducing the size of the pool of fibres whHich might have.
been affected. Consequently, proportionately less myofibrillar damsage

would likely have occurred. "Secondly, a number of fibres may have been

actually injured at the 30% MVC intensity. However, this may have oc-

curred in too small a number to be seen as an effect in the measurement

of changes in total plasma CK activity.
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Additionally, after an inspection of the graph of changes in mean to-

téL plasma CK activities in Figure 4.1, it would seem that there might
- - . ¢ ’ o
have been sigrnificant trends following the 10% and 30% MVC ‘trcatments

had ‘a greater number of subjects been used. Slightly higher total plas--

AN

ma CK activity levels, following exercise at these two lower intensi-

ties, were measured between 8 and 12 hours post-exercise. In considera-

tion of this, further studies which involve such low. intensities of

rexercise might reserve judgement upon the speculation that no signifi-

cant changes will occur following 10% and 3Q% MVC treatments.

An analysis of the changes in total plasma CK activity over time,
following the 50% MVC intensity treatment, also yielded some intefesring

rééﬁlts. An examination of Table 4.11 will reveal that total plasma CK

s Sy 7. X :
activity rose significantly above the pre-exercise levels, as carly as -

. four hours post-exercise. Beyond the 4 hour sample, another significant
.increase occcurred at the 12 hour sample time and remained so for the
subseduent 14 hour sample. Again, the effectiveness of the 50% MVC
treatment is illustrated, as the total plasma CK activity levels are

still well above the pre-exercise levels, after 24 hours post-exercise.

The. peak level of 119.8 U/1 iﬁ total plasma CK activity at the 50%
MVC level répresents 2 modest increase when compared to elevations scen

post-exercise in other studies. For example, Schwane et al. (1983)

found mean elevations of greater than 450 U/l, after bouts of downhill.

running. Also, Newham ot al. (1983) found elevati®ns as large as 34,500
U/l, five days following a prolonged stepping exercise. However, such
large increases- in total plasma CK activity were not expected in this

.-—-study, since low intensity exercise, in brief intervals, was used, and

- -

~, LY
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. i : .
the muscle mass used in the exercises in this study were relatively

smaller than would be expected in A stepping or running exercise.

* Finaily, these results concur with the previous findings of Tiidus
and Tanuzzo (1983), in that the peak 1level 6f total piasma Ck activiﬁy
will occur between 8 and 24 hours post-cxerciﬁf. It is, however, unfor-
tunate that blood samples could not be p;acticﬁlly taken, in this study,
between the l4th and 24th hour pbst-exercise. In an examingtion of Fig-
ure 4.1 it can be seen that the actual peak total CK activity, for the
group, may have occu;;ed in the range between 14 and 24 hours post-exer-
cigg. Th}s possibility is reinforced by the fact that peak aciivity was

measured at either she l4th or the 24th hour post-exercise in six of the

nine subjects in this study (see Appendix C).

. thus, extensive injury to. the muscles was not expected to occur. Also,



Chapter V

e CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The purpose of this study was to examine the effect of controlled
isometric exercise, at three selected intensities, upon the post-exer-

cise pattern of total plasma CK activity.

The following was determined from the results of tuis study:
1. Significant increases above pre-exercise levels in the total plasma
CK activity appeared following only the treatment intensity of 50% MVC.

. ”
2. No significant changes in total plasma CK activity were found fol-

lowing or between the treatment intensities of 10% MVC and 30% MVC.

3. The levels of total plasma CK acgzvity rose significantly above pre-
exercise levels as early as 4 hours following the 50% MVC triels. A
further significant increase, beyond the level of activity at 4 hours

g e

post-exercise, occurred at the 12 hour point, and remained so for the

subsequent 14 hour sample. _

4L. A significant interaction exists between the treatment intensity and .
v
the time of sampling. Differences between the 50% MVC treatment and the

30% or 10% MVC treatment were not evident until 12 hours post-exercise.

- 87 - -
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In add;tipn, it was demonstrated that a small amount of exercise,
-such as that used in the prese;t study, would evoke significant changes
in the measured total plasma CK activity, lasting‘}or as long as 24
hours post-exercise. Also, the outiinea experimental pre-test condi-
tions and screening procedure produced exceptionally good estimates of

what appear to be basal levels of total plasma'CK activity, in each in-

dividual.

5.2 Recommendations _ ) /

Based on the findings of this study, the following recommendations

have been made, for consideration in similar research endeavors:

1. The daily physical activity levels of the subject must be monitored

and controlled, since very small amounts of cxercise have been shown to

alter total plasma CK activity significantly.
&

2. Pre-test screening procedures and conditions,, as outlined, should be

- -

used to establish basal levéfg of total plasma CK activity, since a

large amount of inter-individual variation may be found within the test

group.

3.. If peak activity levels are of interest, several serial sampling
times should be used. Usually this will be between 8 hours” and 24 hours
post-exercise. However, the extent of sampling will depend upon the

!
type of treatment and some characteristics of the subject group. ‘J
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Appendix d

INFORMED CONSENT FORM

C-

For Participation as a Subject,
in a —
M.Sc. (KIN} Thesis Project
for
Richard Chin
Department of Kinanthropology
University of Ottawa

Project Title

The Effects of Selected Intensities of Repeated Isometric Knee Exten-

sion Exercises Upon Subsequent Total Plasma Creatine Kinase Activities.

[
Purpose
The purpose of this study is to examine the effects of three differ-
ent intensities of an isometric knee extension exercise upon the activi-
ty levels of an enzyme (ie. Creatine Kinase) in the blood, afterwards

throughout the day.
Description of the Study
r

As a subject for this study, you will be requested to not engage in
any strenuous, new, or excessively prolonged physical activities for the
dqratioﬁ of the study. The complete schedule consists of fourteen days,

described as follé@#:
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DAY, 1: SCREENING DAY
v . . ,
Under the condition that you have not engaged in any strenu-
ous, new, or prolonged activiti® in the two days prior to
this day, a small fingertip blood sample will be taken with a
"lancet and collected into small capillary tubes. The analysis

of this sample will determine if another day of rest is need-
ed.

DAY 2: STRENGTH TEST DAY ~

In a secure seated position on a table, you will be required

T to perform/™leg extensions against a padded board, situated

just above your ankles. Through brief maximum ecfforts, your

maximum knee extension strength will be determined, through a
series of twenty trials.

DAY 3: REST DAY

No testing will take place on this day. However, you will be
reminded that you should not engage in any strenuous, new, or
excessively prolonged physical activities during this peried.

DAY 4: SCREENING DAY :‘
No testing will take place on this day. However, as on DAY 1,

one blood sample will be taken and analyzed to determine if
another day of rest is needed. :

DAY 5: EXERCISE DAY

e

Prior to the start of exercise, another fingertip blood
"sample will be taken.

Briefly afterwards, seated with the same apparatus as on

DAY Z5—vou will be asked to perform a series of ten secend

contractions, between which you will be given a twenty second

rest. The amount of force generated by the legs will be seen

on an oscilloscope moniter, during the contractions. This

- will enable you to maintain the force -at a preselected amount,
by keeping the oscilloscope light beam at a given level on the

. _monitor.

At the completion of the exercise, the time will be noted,
and another blood sample will be taken. Thereafter, blood
samples will be similarly taken at.2, 4, 6, 8, 10, 12 and 14
\? hours post-exercise.

N



DAY

DAY

DAY

DAY

DAY

DAY

DAY

DAY

DAY

6: 24 HOUR POST-EXERCISE BLOOD SAMPLE AND SECOND STRENGTH TEST

On this day, one 24 hr post-exercise blood sample will be tak-

en and, as on DAY 2, a determination of maximum strength will
again be made.
7: REST DAY

No testing will take place on this day, as in DAY 3.

8: SCREENING DAY

-

As in DAY 4, no testing will take place. However, one blood
sample will be taken and analyzed to determine if another day
of rest is needed.

9: SECOND EXERCISE DAY

Testing and blood sampling will be the same as on DAY 5, ex-
cept the exercise will be at another pre-selected intensity.

10: 24 HOUR POST-EXERCISE BLOOD SAMPLE AND THIRD STRENGTH TEST

The procedures on this day are the same as on DAY 6.

il: REST DAY

No testing will take place on this day, as on DAYS 3 and 7.

12: SCREENING DAY

As on DAYS & and-8, no testing will take place on this day.
However, a blood sample will be taken and analyzed to deter-
mine if another day of rest is needed.

13: THIRD EXERCISE DAY AND BLOOD SAMPLING

Testing and blood sampling will be the same as on DAYS 5 and
9, except the exercise will be done at the third of the three
pre-selected intensities.

14: ONE 24 HOUR POST-EXERCISE BLOOD SAMPLE -

One final 24 hr post-exercise blood sample will be taken.
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Risks to Subjects v

In agreeing to be a subject ‘for this project, it must be
realized that there are possibilities of some health risks and

some discomfort.

In the course of taking several fingertip blood samples,
there will be some pain during the lancing. There is a risk

of infection if the wounds are not kept clean. However, some

swelling and tenderness of the fingertips is more likely to

occur, and should become reduced in one or two days. The fin-

gertips may take several days to completely heal, whereupon

scars or marks can no longer be seen.

During the exercise periods, subjects will experience mus-
cular fatigue in the thighs (ie. gquadriceps) and possibly in
the shins (ie. anterior tibial muscles). Howevef,_this fa-

. 1Y
tigue is very transient. Muscular soreness may develop later
and may persist for one or two days afterwards. Furthermore,

some bruising may develop on the shins.

ar——
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Final Notes and Signed Consent

All of the data and information collected will be treated
with confidentiality. Also, the subject has the right to any
e furtr.her explanation of any of the procedures or risks in-

volved.

- The subject Peserves the right to withdraw consent and dis-
continue participation in this project at any time. As a stu-
dent of the university, the subject is ensured that his aca-

demic standing will not, in any way, be affectLd by whether he

participates in this project or not.

I, , have read the descrip-

tion of this project and understand the possible risks in-
volved therein. Thus, having had the opportunity to ask and

receive answers for my subsequent queries, I hereby give my

consent to be a participant. \\x~///

signed:

- . ~

date:

experimenter:

witness:
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Appendix B

Results of the Individual Maximal Voluntary Contractien (MVC) Tests and
the Subsequent Treatment Intensities.

SUBJECT TEST MEASURED TREATIMENT  ABSOLUTE

| |
| DAY MVC INTENSITY  TREATMENT |
| (NEWTONS) (% MVC) INTENSITY |
[ (NEWTONS) !
I I
| PS 1 1736 50 868 |
| 2 1601 10 160 |
I 3 1822 30 547 |
| l
I KM 1 1875 10 _. 187 |
[ 2 2091 50 1045 [
| 3 2006 30 602 |
| 1 -
] W 1 2111 30 633 |
| 2 2302 10 230 |
| 3 2333 50 1167 :
| 1
| AG 1 825 10 82 |
| 2 964 30- 289 |
| 3 1038 50 519 |
1 I
I MD 1 1619 30 486 |
| 2 1690 10 169 - |
| 3 1558 50 779 |
I |
| BH 1 1432 10 143 |
1 2 1529 50 765 I
| 3 1506 30 452 |
| |
| PM 1 1546 50 773 [
| 2 1774 30 532 [
| 3 1681 10 168 1
| ~ |
| PT 1 1726 50 863 |
| 2 2189 30 657 |
[ 3 2018 10 202 [
I . I
] ™ 1 1466 30 440 |
| 2 1595 50 798 |
| 3 1550 10 155 |
L L Y +
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Appendix C

Individual changes measured in total plasma CK activity (U/1 at 37 deg.
C.) in response to the effects of exercise intensity and the time of
sampling. )

Hmmmmmmmmemawmmmmmm e cmemecemmemmeeee-wssAwmmmmmam—a- +
I I
| |
{ Subject: JW [
i TOTAL PLASMA CK ACTIVITY MEASUREMENT |
l : |
{ TIME OF 10% MVC 30% MVC 50% MVC |
| SAMPLE TREATMENT TREATMENT TREA{FENT |
| [
| PRE-EX 78.7 U/1 64.9 U/l 76.7 U/1 |
} POST~EX 74.9 69.9 §1.5 i
i 2 HR 75.9 75.3 §0.3 |
[ 4 HR 7.4 §7.3 101.4 ]
| 6 HR §3.1 75.7 85.0 |
| 8 HR 92.6 85.8 86.8 |
| 10 HR 95.6 86.8 §2.2 |
| 12 HR 82.1 $3.0 108.8 |
| 14 HR 79.4 74.7 8§1.9 |
| 24 HR 85.2 71.5 81.0 [
l , |
I |
g +
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Appendix.C (continued): Individual changes measured in total plasma CK
activity (U/1 at 37 deg. C.) in resﬁahse to the effects of exercise in-

tensity and the time of sampling.

I I
I I
! |
| Subject:PS |
| ) TOTAL PLASMA CK ACTIVITY MEASUREMENT |
I ' |
| TIME OF 10% MVC 30% MVC 50% MvC
| SAMPLE TREATMENT TREATMENT TREATMENT |
I ] |
! PRE-EX 82.2 U/1 73.4 U/1 2.6 U/1 _
| POST-EX 85.8 “86.5 89.6 |-
[ 2 HR 89.8 80.7 100.4 ]
| 4 HR 94.8 90.4 106.7 |
| 6 HR 100.6 89.7 118.4° |
l § HR 97.7 99.4 1?_2.;? |
| 10 HR 115.1 101.1 110.3
| 12 HR 57.0 101.3 121.3 |
| 14 HR 94.2 111.0 105.2 |
| 24 HR 75.8 88.1 100.1 |
| |
I I
L L +
i -
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Appendix C (continued): Individual changes measured in total plasma CK
activity (U/1 at 37 deg. C.) "in response to the effects of exercise in-

tensity and the time of sampling.

T et e b Ll bbbt +,
| - I
I I
| - |
| Subjeet: KM . |
| TOTAL PLASMA CK ACTIVITY MEASUREMENT |
I I
| TIME OF 10% MVC ~ 30% MVC * 50% MVC

| SAMPLE TREATMENT TREATMENT TREATMENT [
| I
1 PRE-EX 67.2 U/1 66.4 U/1 74.6 U/]

[ POST-EX 76.4 69.1 96.4 N ]
1 2 HR 79.2 66.5 105.5 |
| 4 HR 57.7 63.1 114.5 |
| 6 HR 85.0 76.8 124.7 |
| 8 HR 69.3 78.4 144.1

| 10 HR 63.5 - 76.1 137.8 7
[ 12 HR 63.8 83.1 147.3 7l
[ 14 HR 74.4 96.9 230.0 |
[ 24 HR 73.4 88.6 126.3 |
I |
l |
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Appendix C (continued): Individual changes measured in total plasma CK
activity (U/1 at 37 deg. C.) in response to the effects of exercise in-

tensity and the time of sampling.

T LR LT +
[ l
I I
l — 1o
| Subject: PT , |
| TOTAL PLASMA CK ACTIVITY MEASUREMENT |
| l
| » TIME OF 10% MVC 30% MVC 50% MVC

| +  SAMPLE TREATMENT TREATMENT TREATMENT |
I _d
| PRE-EX 91.6 U/1 90.0 U/1 89.2 U/1 |
|  POST-EX 87.8 94.2 97.6

1 2 HR . 93.3 102.0° 105.2

| 4 HR "92.3 105.9 108.7

| 6 HR 94.1 106.7 110.6 |
1 8 HR 102.5 105.1 126.6 - 1
| 10 HR 100.2 112.7 134.4 |
| 12 KR 95.9 111.5 139.1 |
[ 14 HR 94.0 104.2 140.2 [
i 24 HR 82.2 123.7 143.4

! . l
l |
e LT P PP R +
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' Appendix C (continued): Individual changes measured in total plasma CK
activity (U/1 at 37 deg. C.) in response to the effects of exercise in-

;'tensity and the time of sampling.

Fommmmmmeemmemmemmemmmmm——eeemmmeemc-smmmmmemmEmm—me——————— +
| I
| |
| |
| Subject: BPM l
| TOTAL PLASMA CK ACTIVITY ﬂEASUREMENT |
J = : |
| TIME OF 10% MVC 30% MVC 50% MVC |
| SAMPLE TREATMENT TREATMENT TREATMENT |
l I
| PRE-EX 88.8 U/1 §2.3 U/1 50.5 U/1 |
| POST-EX . B9.6 75.4 88.8 {
| 2 HR 93.1 84.4% S8.9 ]
| & HR 98.6 82.0 109.0 [
| 6 HR 100.7 §9.7 122.9 |
| 8 HR 99.8 95.8 137.3 E
| 10 HR T 106.6 86.8 152.4 |
[ 12 HR §9.9 96.4 1637 |
| 14 HR 97.5 80.6 163.2 i
| 24 HR §9.0 74.2 213.9 |
] ]
l l
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Appendix C (continued): Individual changes measured in total plasma CK

activity (U/1 at 37 deg. C.) in response to the effects of exercise in-

tensity and the time of sampling.

J e e e T A e e e e e R R

Subject: BH

TIME OF
SAMPLE

PRE-EX

POST-EX
2 HR

4 HR

6 HR

8§ HR

10
12
14
24

BHEH

N e A T L

10% MVC

31.
38.
37.
38.
43.
49,
40.
46,
41.
38.

OO O~ 0L

TREATMENT

[
S
[

30% MVC

38.
39.
38.
40,
41.
40.
37.
40.
37.
33.

= = R WL WO

TREATMENT

C
e
Pt

TOTAL PLASMA CK ACTIVITY MEASUREMENT

50% MVC

52.
33,
53.
60.
73.
B2.
Bl.
83.
83.
77.

O G~ D W~

TREATMENT

L=
-
fo
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- Appendix C (continued): Individual changes measured in total plasma CK
activity (U/1 at 37 deg. C.) in response to the effects of exercise in-

tensity and the time of sampling. oL

feeemmmmmmesemmammmmmsec——---c-emmmemessme-mm-m---e-c--cc-- +
| - I
R I
| !
‘| Subject: TM ]
[ TOTAL PLASMA CK ACTIVITY MEASUREMENT |
| o |
| TIME OF 10% MVC 30% MVC 50% MVC |
| SAMPLE TREATMENT TREATMENT TREATMENT |
| I .
| PRE-EX 69.4 U/1 72.7 U/1 60.4 U/1 |
| POST-EX 65.1 67.5 61.3 1
| 2°HR . 69.5 67.3 71.7 |
| 4 HR 64.3 63.9 78.8 |
| 6 HR 68.9 62.7 1.8 |
| 8 HR 70.8 71.5 88.7 [
| 10 HR . 62.9 65.4 95.5 I
| 12 HR 71.9 62.4 - 95.8 |
: 14 HR 70.2 61.5 87.7 |
[ 24 HR 67.2 sb.8 71.5 | .
I I
I - I
dmmememmmmcmmmemmeememccmcmme-semmmsmmememem—m—mm-——mme=a- +
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Appendix C (continued): Individual changes measured in total plasma CK .

activity (U/1 at 37 deg. C.) in response to <he effects of exercise in-

tensity and the time of sampling.

B L P L L L e
Subject: MD
TOTAL PLASMA CK ACTIVITY MEASUREMENT

TIME OF 10% MVC 30% MVC
SAMPLE TREATMENT' TREATMENT -
PRE-EX 82.7 U/1 86.6 U/1
POST-EX 88.9 84.9
2 HR §1.3 87.2
4 HR 92.6 91.9
6 HR 82.8 100.9
§ HR 85.7 104.2

- 10 HR.. 86.0 104.4
12 HR .. 87.8 101.8
14 HR 88.4 95.2
24 HR 80.8 99.0

P L L L L L L L T e R R P R R X

50% MVC

TREATMENT

76.
8&4.
89.
95.
99.
101.
102.
105.
106.
93.

oL O W

C
.
—
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Appendix C (continued): Individual changes measured in total plasma ‘K
activity (U/1 at 37 deg. C.) in response to the effects of exercise in-

tensity and the time of sampling. ) -

fmmmevemmemmmcmecme—e——tasmmmmm-meses;esSdeeseso-o—cses=-n= +
! ’ |
I |
| [
| Subject: AG , . !
| TOTAL PLASMA CK ACTIVITY MEASUREMENT |
| . !
| TIME OF 10% MVC 30% MVC . 50% MVC I
| SAMPLE . TREATMENT  TREATMENT TREATMENT |
I |
| PRE-EX 83.4 U/1 82.4 U/1 2.9 U/1T |
I POST-EX 76.5 86.1 67.9 11
I 2 HR 78.0 86.5 71.2 |
[ 4 HR §7.1 95.8 75.3 |
i 6 HR — 90.6 103.6 75.9 ]
; 8 HR 99.¢ 101.4 73.9 |
f 10 HR 95.8 108.0 76.7 |
[ 12 HR 105.7 106.0 73.6 |
[ 14 HR 96.3 105.8 80.0 [
I 24 HR . 79.7 Q. 71.1 i
| |
! I
T L T e e T +





