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‘I\SA healthy male oarsmen fromlthe Edmohton Flownng Club
volunteered to partumpate in a 90 second max'lmal anaeroblc power_
test This study ‘was desrgned to examine-the possibility of . exerc:se '
of a hlgh mtensnty and short-duration ellcrtmg creatme kinase (CK)

activities comparable to those rep’orted followmg exerctse of a

o prol ged duratlon (ie. marathon) Mean delta (A) total creatine

:'Akmase (’al'CK actlvrty increased. sagmfncantly (p<0 01) at both the 5

‘ mmute post (2&;?8 %) and 24 hour post (85 13 %) exercise sampllng,

-perrod ‘f"l’he predommate CK |soform found in the 24 hour post

'\

’*samples was the skeletal muscle specmc |soenzyme CK- MM Mean_.

. CK- MB content in the serum at the 24 hour post p”erlod showed an

absolute value of 312 + 0 19 (lU/L) whrch was calculated to be. 4.46

E % of the 24 hour TCK measure. A very low degree of commgnallty

(correlatlon range 0.002 -to 0261) was. demonstrated between: thef ;

AT'CK values and performance measures (\b2 max (ml kg temin- 1) and

90 second power output (watts)) In conclusion, the high- mtensrty,

-".short duratron bout of exercise ellcrted srgmflcant mcreases |n the,

CK aotrvrty Nevertheless these changes were not of the same ’
magﬁrtude as those wntnessed on marathon completlon Furthermore,

rt IS suggested that the reduced duratlon of the exercise bout,

- predommant contractron type employed and assaylng condltlons

utrlrzed in the expenmental procedure were strongry unphc,ated in

the charactenzatﬂron ‘of these findings.

v
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INTRODUCTION

-

Creatind—Kinase (CK) and its i,soenzymes, have been studied

extensively as biochemical markers used irf the‘"diagnosis of

myocardjal .and skeletal muscle disorders (R:}ers et al., "1985;

Gunderson et al., 1983). Although serum enzyrfe levels are used

freq.uently as a measure of cell injury, it ‘is not al§~ays clear what

their release really signifies with respect to the extent of damage.

"or Survival of the cell (Skillen, 1984). The phrase "cell injury”, is
used to describe a wide variety of cellutar condition's ranging from
- a transient, departure from optlmal functromng, ‘with no Ibng -term
adverse consequences, to seve'rﬁef irreversible damage leading to the
death of the cell (Danpure, 1984). |

The effect of exercise on serum enzymes has been well
documented nevertheless, there appears to be considerable,
controversy and rnconsrstency in the reported frndmgs Physical
exercrse has. been demonstrated to elicit increased actrvuty levels in

several sérum enzymes. Thls,exe_rcrse -induced release of muscle

' enzymes into the circulation has.been related to both the int\ensﬁity |

and duration of the exercise’ period. Evidence to date shows great
controversy surroundrng the possnb|e domlnate factor (intensity or
duration) in promotrng these augmented serum levels. Fowler et al,
(1968); Hu_nter et al.,, (1971); Chahine ot al., (1976). and Lott &
Landesman, (1984) suggest that the duration of’ the activity is of
fundamental s1gnrfrcances in the modulation of the exercuse induced
| -serum enzyme response. Berg (1978); Gatteau et al., (1976) and

e

‘



Tiddus et al., (1983) contend that the mtensuty with Wthh’ the

exercuse is performed is the predommate factor underlymg the

' yserum enzyme fluctuations.

The majornty of the work done in this area of late has dealt
with the serum enzyme response to exercise of a prolonged nature
(ie. marathons and triathl/ons)(AppIe-et a[., 1987; Apple & Rogers,
1986; Apple et al., 1985; Jansson & Slyven, 1985; Noakes et al,
1583; Rumley et al.,, 1985; Rogers et al., 1985). Furthermore,_very
little research Has examined the area of serum enzyme res'pons;bo
high intensity, short- duration _bouts of exercise.

It is hypothesized that u%'e‘ intensity wi'th' which an exercise is
\perfo,rmed is an important contributing factor in the enhanced total
creatine kinase (TCK) response witnessed pest exercise. Thus, the
principal aim of the present study was to determine if ex}er.cise_ of
short duration and high infensity could elicit alterations in th\é
serurﬁ TCK aetivituomparable to those reported follownng
”exergises of 'a prolonged duration (ie. marathon). A rownng ~exercuse .
which employsﬂ I‘ar'ge muscle groups at a high intensity (ie. 99 second
maximal anaerobic power test) was corngidered an ideal means by |
which enz;'matic responses could be elicited.
/ On completion of Iongwdura'ti_on’ltypes of exercise the lCK‘ .
isoenzyme_ p}ofiles have shown augmented levels of heart speciﬁc'
CK-MB isoforms in some individuals. These findings Have not been
“documented in activities other_thah those of a prolonged ~nature.
Therefore, if elevetee ‘TCK levels are produced in the present

experiment, it would be desirable to elucidate the specific CK ‘



Isoenzyme content present in )ﬁe serum following the: acute: exeroose

Y

mtervaf and to gf,ovnde an mdncatton as to their source.



Pl‘lOI’ to the present study, a pllot expenment was performed

in an attempt to observe whether short cluratron exercrse cbuld v
elrcnt S|gnrflcar}t mcreases in me@sured TCK actwrty Flv sedentary e
~J'|ndrvrduals partlcrpated ln a 45 ‘second fatlgue ‘test on t:g Cybex 2
v"glsokmetrc Dynamometer The results of that expenment showed a
g 'very rnterestmg response in that an mcrease of 46.7 % was.

':_W|tnessed”n the groups mean 24 hour post TCK actwrty Mor}eover
- oné partrcular mdrvrdual mjured a hamstrrng muscle whrle*

performmg the test. HlS pre 5 mrnute post and 24 hour post serum B

i -"TCK can be vrewed in Frgure 1. An increase of 1054 % was wrtnessed

on the 24 hours postPTCK measure Thrs mdrvrduals TCK actrvrtres |
" ,were not lncluded rn the gro:p means defcrlbed above. These ;
frndrngs formed the basrs for a detalled study in thls area. of
_exercrse mduced alteratlon in muscle enzymology

Frfteen tralned oarsmen consented to partrcrpate in a 90

e »
R second maxrmal anaeroblc power test whrch requrred the athletes

to complete as many revolutrons 'ptSSsrble in. 90 seconds at’

: ,,resustance of 3 kp on a rowrnd ergometer (Gjessmg Ergorow) The -

'subjects characterrstlcs are present in Table . 1. Subg\ects were

'i \a;‘asked to refraln from-physrcal-actlvrty for two days prior to testmg

_ Venous blood Samples were collected by a Certrfred Iaboratory :
_'technlclan from the antenor cubrtal veln ptior to ‘{estmg, 5 mrnutes

. post and 24 hours post exercrse All samples were allowed to clot

| _followed by tmmedlate centrrfrCatron whrch in turn was: followed by

4
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sample storage at -70 degre‘es Celsuus pendlng analySls TCK and CK- L
MB actnwty ‘was determmed spectrophotometncally as . per Slgma .
chemlcal techmcal Bulletln #45 UV and "BMC lmmunomhlbltlon Lo

respectlvely All samples were analyzed in |
/o

Bulletm #300691
‘dUplrcate by the researcher and the Unlversnty of Alberta Hospltal to

| lnsure value reprodumbllrty Samples were found to be wuthm t

‘O' s e
¥ B . A P . . - -
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Flgure 1:

ATCK Actrvrlw (lU/L) Pre '5 rhin. Po.st & 24 Hrs. bost
45 sec Cybex Fallgue test g :

/ L 531

501 e |
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_YE., V02 max was\aSSessed three - days prior to the 90 second'power".
" test. Thts measure was determlned dunng an incremental test on the
aforementnoned ergometer ReS|stance was mcreased 23 watts/mm
for seven mlnutes ‘at which ‘time the ‘subjects. were mstructed to
gtve*an‘aﬁ*cmt maxmal effort for the last two iworkloads '

To confirm - that W2 max Was obtamed all subjects met at leas:
on,e of the fol|owmg crltqua oxygen consumptlon peaked and/o:
ptateaued age predrcted maxumal heart rate was attamed an R value
" of greater than 1.10 was reached and/or vohtlonal exhaustuon
occurred Exprratory gases were collected? and 'analyzed every thurty

»ases of a known

seconds vna .a Beckman Metabohc
-concentration were used for cahbratlovn befdre'and after each test
‘Heart rate -was recorded each mlnute;; PE 3000 Sport Tester
heart rate monitor. IR o _' L
AL the tlme of testing the subjects were mvolved in" pre-

season trammg program which consusted of exercrsmg five days a

week on a Concept 2 rowung ergometer at an intensity - equal to the :
g heart rate at 75% of o2 max- Each training sessro*consrsted of a-
' mmlmum of 40 minutes of continuous rowmg ;

“were employed to determme S|gn|f|cance~

Paired t-tes

A. 'between the pre, {5 mmute post and 24 hour post exercnse TCK
activities. A: Pearsgn, Product Moment" Correlatron was. computed
between the foHowmg variables; V02 maxs 90 second power output,
ATCK pre to 5. minutes. post exercnse ATCK pre to 24 hours post.

exercrse and ATCK 5 mlnute post to 24 hours post exermse



| Table 1.
Subject| Age ‘\b2'max. Power Output
. - .| 90 Seconds
(years) mlekg-temin-1) (Watts)

B ] ) ) ] - - " " ; —
11 Y| es 57.5 453.0
"2 | 28 59.1 347.0

3 | 21 60.1 345:2
‘|4 . 20 . 53.2 443.9

5 21 60.8 413.5
16 18 62.9 ©363.6
7 23 598 .| 388.4

8 29 s&F | 4247 .

9 21" 53.6 456.9

10 28 481 | 4336

11 21 59.1 .415.4

127, | 25 53.3 401.8

13 20 589 358.2°

14 22 58.2 400.Q

15, 22 . 59:4 390.6
[MEAN | 2238 T 57.2 402.4

SEM | 08 1.0 9.6




" The effects of the 90 sécbnd. bout of é*éfcise on the meééure‘d =
TCK response are shown on Table 2. Th mean TCK activity was
: demonstrated to increase sugnmcantly (p< 001 fdllowmg the 90
second. \exercnse bout at both -the 5 minute and 24 hour post ,,exercnsg

tlm? period- .

Table 2.

PRE__ | - 5min POST 24 hrs. POST |
|aBsoLute - | |
TCK (uw) | 37.83 47818 | 69.980
l%TcKRELATVE | -
to PRE SAMPLE | 100.00 % 12598 % | 18513 %

a = sugmflcantly dufferent from pre test sample
p <0.01.

b= sugnmcantly different. from" pre and 5 min. post sample

p <0 01.

v
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_ An increase_in TCK activity of 26 % was Witnessed 5 minutes ( :
following the exercise bout while the 24 hour TCK response showed
~an increase of 85.13 % from the restmg level (anure 2). Mean CK-MB
L "2
'actlvmes 24 hours post testmg showed an absolute\value of 3 12 o

- 1U/L + 0.19 which was calculated 1o be. 4.46 % of. the 24 hour. TCK-\ \ |

»?-measure AppIe et al. (1984) reported CK-MB activities as' high as |

| 12% of the TCK following marathons Under: non pathophysuologwal‘
condltlons normal :CK-MB lsoenzyme composmon in the serum range ’

fromb trace amounts to 3% of the absolute- TCK value ( §|egel et aI

— 1983). - N\

Figure'2 A o _ . .

Mean TCK (lU/L) Actlvny, Pre, 5 minutes Post anp
\ " 24 hours Post Exercise -

. 69.98 t 5.41

sot 47812380

st ~ e o
Méan . 37.83: %2, o SRR .

CK (IUL)

5 i, Post 24 hrs, Post



The degree of co‘rrelatron between the measured varlables are
. Shown in | Frgure§‘3 through 8. These values mdrcate a low degree of
commonahty between the vanables exammed The 90 second power

outputs attamed in the present study ranged ‘from 345.2 to 456.9

10

watts. These power outputs demonstrated very little correlation . .

_ (correlation rangekjoz to .261) with the ATCK aotuvmes recorded.

'Furthermore Vb2 max Mmeasures (range 48.1 to 62.9 (mlekg-1 -mm )

showed next to none, commonalrty (correlatlon range, .001 to .107) ¢

“with the measured ATCK responses.

. . .
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Figure’ 3:
ATCK Activity Pre to 5§ min. Post (IU/L)
As.Compared to 90 sec. Power Oulpfit (Walts)
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‘ Figure 4: =~ -
'ATCK Activity Pre to 24 hrs. Post (U/L)
As Compared to 90 sec. Power Output (Watts)
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~-Figure 6:

ATCK Actuvuty Pre to 5 min. Post (IU/L) As Compared to \bz max
(mle kg‘1-m|n'1)

e ~ r= 0.261
. N= 15

40 7 - . . » ®

351 ' oo

30 4 |

25 1

20 4
ACK (lUL) 45 . : ' 7Y

Pre - . PS ‘ pe
5 min. Post 10 T

*®
L 4

-

14

_1 5 ! :. 4'l L 1 I e l l 5 l l. l l ’LL g ]

v .a * 2

46 47__ 48 49 750 51 52 53 54 55 56 57 58 59 60’61

. o ' b2 max (miekg-Temin-1)

=1

62 63



15

" )
Figure 7: - - .
ATCK Activity Pre to 24. hrs. ‘Post (lU/L) As Compared to \bg max
. (miekg-temin-1) #* '
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Flgufe 8:

ATCK Activity 5 min. Post to 24 hrs. Post (IU/L) As Compared to V02 max
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DISCUSSION

. Total creatine kinase activity following the 90 second bout‘of
rhaximall exercise showed sfgnificant increases at both the 5 minute
and 24‘ hour post sampling time (Table 2). The: TCK response appears
’ .
are said to be obtained a_nywhere from 8 to 24 hours post exercise
(Rogers et al., 1987; Apple et -al., 1987; Priest et al. 1982). It is
difficult to pin point the peak résponse without exhaustive serial

'sampling. Consequently, based on previous -research, the 24 hour
sample was taken to represeni ‘the peak TCK activity attained. Evans
.and co-workers (~1986) have demonstrated that myoﬁbriliar damage
is greéter 3 days following. a strenuous exercise bout than
"i\mmediately afte,r.‘This» woufll indicate that the degeneration of the

contractide unit is a delayed event that coincides with the enhanced

TCK activity viewed post exercise. The resting TCK lgvels (Table 2)

of the subjects utilized in the present study are close to the upper

range for normal basal TCK activities (8-50 IU/L)( Bias & Edwards,

1982). These elevated resting measures could be attributed to the
subjects enhanced muscle mass (Norton et al.; 1985) and/or the
augmented protein ‘tur_nover witnessed in trained athletes at rest
(Priest et al., 1982). On isoenzyme analysis it was concluded that

the TCK cleared in the current study was cori’\posed principally of the

CK-MM isoform. This isoenzyme is. predominantly found in the

_skeletai tissue (Nicholson ot al., 1985). CK-MB values of greater

than 6% of the Q?’CK are said to be characteristic of aCute myocardial

17

to be a temporally dependent event, whereby, maximai (peak) values -

Al



- 1985; Rogers ‘et al., 1985) Howaver, none of the subjects employedil |

. <
'

‘Penodtcally, CK MB actrvntres of thls magnrtude are reported post

1985; Jansson &. Slyven 1985 Noakes et al., 1983; Rumley ot al,

in the current study had values of this order

The TCK actlvrtres obtarned in the present study show a"

“‘srmrlar clearance pattern 1o those wrtnessed post marathon

""‘pr-rmarrly four factors. (a'), exercuse condrtuons (ie.- mtensnty and,

»,\however the magnrtude of the response is reduced wrth regard to

peak TCK leyels attamed Thrs reduction” could - be attrrbuted to "-‘

1“"d‘ur’at_iori);"~"(b)_ subjects level of training; (c)-predominate ,c_on.tractlon,

’condltlons

‘ 1 8 i

L marathon (Apple et al 1987 Apple & Rogers 1986 Apple" et als o

-. 't’yp'e -employ'ed in the - exercise ‘bout; (d) laboratory ’,assaﬂng

(a) Slnce the exercrse duratlon utllrzed in this study was’ qurte o

short (re 45 or. 90 sec) |t probably played a srgnlflcant role in

L contnbutlng to the lower than expected post exercrse TCK values

. ,',at the 24 hour post exercrse trme penod would suggest a roIe for.

-

: marathon (Apple et al 1987 Apple & Rogers 1986 Apple et al., ’
"',«1985 Jansson & Slyven 1985 Noakes et al 1983; Rumley et al., |
:.,;1985 Rogers et. al 1985 ) the 85% mcrease noted rn TCK actrvrty_

o exercrse rntensrty rn the mamfestatlon of the enhanced TCK

‘.»'.clearanceﬂobserved $Ost exercrse The precrse ‘contribution of

. "results of thrs study, however ~the |mportance of standardrzrng-v

_"-exercrse rnten51ty and/or duratron can not be elucrdated from the

" :,results |s of extreme |mportance S

W

L]

"Although the TCK levels dld not approach those repo,fted postﬂ._' ’

_'exermse mtensrtres or work Ioads when companng mdrvrdual TCK o



‘:’&“J

. ;' R

| (b) The subjects degree of physmal condltromng “has. Been
'demonstrated to play ae's'lgnlflcant role in the oharacternzatlon of
the ‘TCK response (Apple et al 1987, Jansson et al., 1985;. rown

1988). Nevertheless the - results oft tpe present study showed . no

relatlon between TCK actlwty and subjects physmal condition as -

o measured by Vo2 ‘max and 90 second power - outputs (thure 3-8).

Perhaps this Iack of correlatlon ewdence may be ‘due to the small n.

-’:‘employed or the Ilmlted spread of data found in the present study.
'TCK content has been shown to be hlgher in type H fibers than in
type 1. W|th ‘the SUbJGCtS working --at the intung/ty utlllzed in the

_"present study, the majorlty of the muscle “bee: tecruited should,
theoretlcally be of a type |I nature The increase n TCK actrvuty post
' >

testing is .con5|stent ‘with-: this. notlon, whereby, it is speculated that"

the type Il fibers are predominantly :re‘_crtflited: during the 90 second |

‘exercise bout and consequently are most l-ikelythe sites” of cellular

dam'age and TCK. CIearance ‘When an i'ndividual trains for specific

contractlle actlvnty a decrease in’ delayed muscle soreness and-

: tenzymatl.c streammg lS wrtnessed (Armstrong et al 1984) The

athletes employed in the current study were tralned and teqed on

lIy identical  pieces of equrpment Perhaps the subjects

habltuatlon\to the contractlon types and sequencrng contributed to

the lower than expected TCK actlvntles Newham et al, (1986) ,states_‘

that the extent to whtch the actlve muscle is |engthened and the - |

degree of . habltuatlon to eccentrlc work plays an S|gn|f|cant role in

d,et_ermmmg the extent of the e_nzyme response. .



: (c) The mechamcal poundmg and eccentrlc components of

runnlng are thought -to COﬂtl‘lbU—t-S—-tO the increase in TGK ‘activity .

witnessed post exercrse Gunderson and co- workers (1983) suggest.

1

that distance runnrng ‘may cause a state of cell membrane
"hyperpermeabr.lrty in the skeletal myscle whrch in turn facilitates
enhan'ce‘d cytoplasmic content  streaming into the circulation‘ ‘The
increased membrane permeabrlrty viewed by the elevated serum
-_enzyme Ievels lndrcates that other crucial cellular components may.
llkewrse efflux rnto the serum. Under these crrcumstances cellular

.vfunctron would probably be retarded Furthermore, the ablllty of the

'",cell to sustain muscular contraction would be reduced Fowler et. al

"(1968) found no_clear relatlonshlp between the molecular weight of
the enzyme and the degree to Wthh the ~enzymes appeared |n the
serum Rowmg, however, is characterlzed by ndt only an absence of
such locallzed trauma but also by reduoed force production. Forces
vof 136, - 275 kg _haye been mea's,ured duringf'the _foot strike phase of
‘,run»ning (Symanski et al' 1983). Secher (1983), conte"nds that the

rnagnltude of the force requrred to develop dynamic strength

| rowing |s equal to 84 kg. Both .the - energy demands and forces '

'rncurred by the oarsman are somewhat drfferent than those placed

gon athletes of other exercrse modes Rowrng utrlrzes the muscles of~'

20

the arms back and Iegs rn a concentrrc manner, while actrvrtlés '

such as running are aImost entlrely dependent on the muscles of the

legs in both an eccentnc and concentrrc fashron. Moreoyer, rowrng is

,a"weight supported activity in 'eontrast- to a non weight-supported
_ activities such as marathon runmng Conspl;rently, in-the’ present

study the predomrnate contractlon type em

ed durmg the actrvrty .



. may have cbhtributed to the reduced TCK ‘activity witnessed post
exercise. |
(d) As mentloned prevrously the TCK activities recorded in the

present study were sngnlfrcantly elevated, although it was not at

Coal comparable to’ the - magnrtude of the results viewed post

marathon: 1t is cntrcal to note that any blochemrcal measure is

Aassay dependent |n that the pH temperature and buffer medlums

 utilized in the procedure have a powerful influence on the vrewed‘

results Although temperature correctron factors were utrllzed in
the assaylng procedure employed in the present study, some variance
. in TCK activity aftér temperature correctlon was observed Thus, the
sensrtrvnty of the assaying medium- temperature on the TCK response
plays a crrtlcal role in the vrewed results Keepmg this in mlnd it |s
therefore dlffrcult to compare the results of the current’ study to

those vrewed‘by other researchers

The clearance of TCK and its' isoenzymes into the.

* circulation is thought to be facrlltated by two mechanrsms whrch -

both effect sarcolemma permeablllty These bemg mechamcal

~ and/or ‘metabollc factors. The. mechanical effect of exercise that

requ'ires contraction types of an eccentric nature have been shown to

alter the muscle ultra sﬁgture Newham et al., 1986; Jansson et al

1985 Armstrong 1984) Eccentrlc contractions: produce a hlgher

tension per active -motor. unlt than erther concentrrc or lsometrrc'

| ontractlons yet the metabolrc cost in producrng such forces is less
| than~that seen with |sometrlc or concentric ‘contractions. It

speculated that the great tension produced by eccentrlcally

o contracting frbers ultlmately facilitates 'the enhanced TCK response

- 21



‘seen "post-.ei(ercise due to thé damage incurred to the contractile unit

during the exercise bout. | | -
The m'etabohc depletion of AATP in exercising tissues may be

responsrble for the enhanced TCK actrwty mtnessed post exercise

‘(ng et al., 1976 Cheetman et al., 1986; Maxwell et al.,1981). The

argumen_t presented in: the -literature is that - with exhaustive

exercise a situation. exiSts in the working tissues in which cellular

pl‘OCBSsSGS are in a sense competrng for the ATP that is normally

# .
allocated to the mamtenance of cell membrane lntegrlty A reduction

in the sarcolemmlc lntegrrty increases the cells permeablllty whrch
in turn facrlrtates the enhanced clearance of CK from the exercrsrng
tnssue Perhaps’ the exercrse bout employed in. the current study was
not of _a long enough -duratron to deplete the ATP levels suffncrently
to allow for a rise in the TCK actrvuty ta a level S|mllar to those
'wrtnessed followmg marathons However the ir- s nature of this
E actrvrty would not allow for ATP productron to be malntarned A fall
in ATP levels mdst likely accompanled thrs exercise condition and
therefore, may have facrlltated the increase in TCK activity.
~ Obviously thrs requires further investigation before the role of ATP
depletion can be |mplrcated conclusrvely in the altered sarcolemmlc
permeabllrty W|tnessed dunng mtense exercise. Training may afford
some degree of protectron agamst the cell damage due to an
‘rncrease in ‘the - ere and number of mrtochondrra (Holloszy et al,,
1975, Hunter & Crltz 1971). "In this situation the potentral for’ ATP

productron is enhanced consrderably ‘As the level of ATP avarlabllrty

increases in the cell, the ‘potential for a red‘u.ctror; in —cellular -

integrity is decreased. Th"erefore,' the mitoch"ondrial_oroliferation

oL,
fa, N
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wrtnessed with aeroblc training enables the tissues to work, for a’

greater perrod of time before substantnal rncreases in TCK are '

\

observed in the serum

In summary, it was found that exercrse of a hrgh mtensrty and

short duratron elicited srgmfrcant increases in the post exercise

TCK response. The predominate CK isoenzyme observed under these
circumstances was.the skeletal mu‘scle.forrn,‘CK-MM. The TCK values
obtained in the present study were of a smaller magnitude than the

post marathon data dccume'nted in the literature. 1t is suggested

that the intensity of exercrse may be a srgnrfrcant factor in

eliciting gTCK response srmrlar to that.viewed on marathon

completlon The mechanism by Wthh the enzyme is cleared into the.

~ circulation is uncertain. Due to the reduced absolute forces incurred

“in roWing and the predominate contraction"types employed in this

 duration bouts of exercise in relation to the delayed muscle"

activity (le. concentric) it is suggested that metabolic fac‘tors play
a: promment role in facrlltatmg the enhanced enzyme clearance
Nevertheless, further study is requrred to more clearly eIucrdate the

significance of TCK clearance foIIowrng hrgh rntensuty, short

soreness response.
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1) Further research is suggested to' standardize CK ‘assaying

'gechniques, as methodology differences exist in the literature whichv

makes value comparisons difficult.

2) It is ‘recommended that an experimental study be implemented
htil.iz.ing both " anaerobically and 'aerébically' trained individuals lo

address’ the issue: of training specificity and the CK reéponsé..

Detailed bi'ochemical analysis'emplqying both serum samples and
tissue biopsies is recommended to further - elucidate the relationship

between the CK response and'delayed_ muscle soreness.

‘2.4



-~

Abraham W M (1977). Factors in Pelayed muscle soreness.
Me.drmne.and.&menwn.&mns._& 11-20.

Apple, F.S. & Rogers M. A. (1986) Mitochondrial creatine kinase
actrvrtyalteratrons in skeletal muscle during long- dlstan_ce

runnmg Ameman_E.tumlmaL_S.oﬂelL , 482-485.

| Apple F.S., Rogers M. A, Casal, D. C., Sherman, W M. &Ivy,J. L7
(1986). Creatme kinase-MB isoenzyme adaptatrons in stressed
human skeletal muscle of marathon runners: _,,Lqu_LD_aLQL ..

Aoo_h_ed:?fmmm% 149 1583,
- 'S

Apple, F.S., Rogers, M. A., Sherman, W M., Costill, D. L., Hagerman, F.
| C. & lvy, J. L. (1984). Profile of creatine ‘kinase |§oenzymes in

skeletal muscles of marathon runners. Clinical Chemistry,
3&(3) 413 416. : . : L=

Apple F. S., ‘Rogers, M. A,, Casal D.C,, Lewrs nL lvy,J L. & Lampe ‘
d. WL (1987 Skeletal muscle creatine kinase MB alterations in
women marat’hon runners.. Eumpgan_d_o_umaL_Q_f_Ap.ah.ed_

Physiology. 56, 49-52.

~Armstrong, R. B. (1984). Mechanlsms of exercise- mduced delayed
onset  muscular soreness: A brief review. M_Qdmn_e_an_d_s_mgng_e_
in Sggns add Exercise. 16(6), 529-538.

Berg, A & Haralambie, G. (1978). Chénges in serum creatin'e kinase
and hexose phosph \ate isomerase activity with exercise

duration. EuL_.L.__AooL_.Ehxs..QLJi 191. ~

Bessffan, S. P.. Yang, W. C. T., Geiger, P. J. & Erickson-\ug -0 $
(1980). Intlmate coupling of creatine phosphokinase ar
myofibrillar adenosmetrlphosphatase W

[ ' (3), 1474-7420.

25



Bessman, S P. & Fonyo, A. (1966) The possible role of the
mitochondrial bound creatine kinase in regulation of

mitockondrial resfiration.) Bmc.he.mmal_ansi_anhy.mszaL
Bgsgam.tL_QQmmunmannni_ZZ(S) 597-601. h

Bessman, S. P. & Geiger, P. J. (1981) Transport of energy in muscle
The phosphorylcreatme shuttle. ~ Sciense, 211, 448-452.

B|as R: & Deamer, D (1984) Creatine Kinase. Q_BQ_Qun_Lab_S_c_L_Q,
- 291-335. o

Bloor, C. M. (1978). Effects of exercise on enzyme interpretation.

MMW(U 46-47.

Bornhenmer J.F. & Lau, F. Y. K. (1981) Effects of treadmill exercise
on total and myocardial creatune phOsphokmase Chest.
QQ_(2) 146-148. ‘

Byrnes, W C Clarkson, P. M., Spencer Whlte J, Hsieh, S. S., Frykman,
P.N. & Maughan R. J. (1985) Delayed onset muscle soreness
following repeated bouts of downhill running. Journal of

Applied Physiology, 710-715. ‘

' Chatiine, R. A., Kazantzis, A., Luchi, R. J, Raizner, A. E & Gyorkey, F.
(1976). Effects of routine treadmill testing on the serum -

- enzymes. Qa[dmlggy, 61, 162- 169

Cheetman M. E., Brooks, B. S. &Wllllams, C. (1986) Human muscle

‘metabolism durlng sprint runnmg Journal of Apphgg Physiol ng
54-59.

'Clarkson P M., thchfleld P Graves, J, Kirwan, J & Byrnes W. C
(1985): Serum creatine kinase activity following forearm

~ flexion isometric  exercise. Eumug_uma]_qf_App.h.e_d_
P_hxmls.am 368-371. .

'_Clarkson, P. M., Appls, F. S., Byrnes, W. C., McCormick, K, M. &
Triffletti, P. (1987). Creatlne kinase isoforms foll fowung
|sometnc exercnse ,\M_u_sgj_e_an_d_ug_w_e._]_Q 41 -44.

Costlll D. L, Coyle E. F., Fink, W. F., Lesmes, G. R & Witsmann, F. A.
(1979). Adaptations in skeletal muscle following strength .

training. J_o_umal_oj_App_ad_EhxslesL 96-99.

g

.26 Ay



! o ' ~ o - R ’ %

Danpure, C. (1984). Lactate dehydrogenase and cell injury. QQ_I,L_
Bmhem._Euns:L._iL 76-79. i

‘Desmos, M. A, Gitin, E. L. & Kagen L. J. (1974). Exercise
myoglobmemla and acute exertional rhabdomyolysns Arch, _of
mMQaLM.e.dmne..__La& 669 673. ' -

Dill, D. B & Costill, D. L. (1974).° ‘Calculation of percentage ehanges,‘
in yolumes of blood, plasma, and red cells in dehydration.

J_oumaLQ.f._Ath.ed_EhxiinﬂgL_ﬁl(?) 247-248. “

. Erickson-Viitanen, S., Geiger, P. J., Viitanen, P. & Bessman, S. P.
- (1982). Compartmentatlon of mltochondnal creatine

~ phosphokinase. Ihﬁ_J.oCumaL_QLB&LQm&a'_Qhamis.tm_Zﬂ(23).

14405-14411.

Evans, W J., Meredith, C. N., Canon, J. G., Dinarello, C. A., Frontera W
R. Hughes V. A, Jones, B H. &Knuttgen H. G (1986). Metabolic
changes fol|owmg eccentric_exercise in tfaped and  untrained

men. J.Q_u.Lnﬁl_O__AQQJJ.Q.d_EDXSLQlQ.Q! 1864-1868.
. ) |
Fowler, M., Gardener, G. A & Kazerunian, H. (1968). The effect of

exercise on serum levels. Arch, Phys. Med. RBehabil.. 49, 54.

Friden, J., Sfakianos, P. N. & Hargene A. R. (1986). Muscle soreness
and intramuscular fluid; pressure: Comparison between

eccentric and concentnc load. J_Q_uma]_Q_t_Anp_u_ed_Eby_stmx
- 2175- 2179

Friden, J. (1984). Changes in-human skeletal muscle mduced by Iong-

term eccentnc exercise. Q_gﬂ_a_r_l_d_lmsu_e__ags_e_amh__z;lﬁ 365-372.

Galteau, M., Seist, G. & Poortmans, J.-(1976). Continuous in vivo
measurement of creatine kinase variations in man -during

- exercise.. Qllmsza_c.mﬂm._ﬁﬁ. 89-93.

Galun, E. & Epstein, Y. (1984). Serum creatine kinase activity o
followmg a 120- km fmarch Q_[mm,_c_mmma_Ag_ta_._J_é_B_ 281 -283.

' Gunderson H., Parllm J Parker, J. & Bell,G. (1983). Membrane
permeabullty changes as a fatigue factor in marathon. Biochem.
Exerc,, 3, 877. : ’



28

-

- Hagerman, F. C. (1984). Applied physiology of rowing. Sports .
Medicine. 1, 303-321. -

Harris, R. C., Sahlin, K. & Hultman, E. (1976). Phosphagen and lactate
contents of m. quadriceps femoris of man after exercise. .Journal

of Applied Physiology Society, 852-857.

~ Hikida, R. S., 8taron, R. S., Hagerman, F. C., Sherman, W. M & Costill;
| D. L. (1983). . Muscle fuber necrosis assocuated with human

marathon runners. Jourpal of the Neurological Sciences, 59,
185-203. »- ' ‘

levonen J., Rehuhen S. Rusko, H. & Harkone‘n M. (1987). Breakdown
of high-energy phosphate compounds apd lactate accumulation d
uring short supramaximal exercisp. Emg_p_aan__\LQumaL_g_f__Apnneg_L
Ehmg_lggx._&& 253' 259. I \ ‘

Holloszy, J. O. (1975). - Adaptation of skeletal muscle to endurance ,
exercise. Medicine ‘and Science in $ports. 7(3), 155-164. K

Houk, T. W. & Putman, S. V. (1973) Location .of the creatine

phosphokma binding site of myosm Biochemical and
' (4), 1271-1277.

Houston, M., Green H. Thomson, J. & Reid; P. (1978). The response of |
oxygen consumptlon body temperature, blood substrates and
serum enzymes to heavy work performed over twenty-four hours.

Ej.man_io.umaJ_QLAnmm_EhﬁLome._a& 145-154.

Hunter, J. B. & Cntz J. B. (1971) Effect of training on plasma

enzyme levels in man. Journal of Applied Physiology. 31(1), 20-
23 r\"fb

Jansson, E. & Sylven C. (1985) Creatine kinas‘e MB and citrate / L

synthase in type | and type Il muscle fibres in trained and i
untrained men. f i j 4 2Q7->
209. . L ,

LY
~ . . - S
w /

Kaman, R. L. Goheen, B., Patton, R, & Raven, P. (1977). " The effects of
near maximum exercise on serum enzymes. The exercise
profile versus the cardiac profile. Qme_a_QmmJga_Agta._&L 145-
'152.
//

-



/
i
/

/

# Kasperek, G. J. & Snider, R.D. (1985).

>

)

Increased protein degradation

after eccentric exercise.
b4, 30-34.

Kasperek, G. J. & Snider, R.D. (1985). The susceptibility to exercise-
induced muscle damage increases as rats grow targer.

. Experientia, 41, 616-617.

Kettunen, P., Kala, R. & Rehunen, S.(1982). Creatine kinase and its
isoenzymes in skeletal muscle of athletes. The Lancet 611.

Kettunen, P., Kala, R. & Rehunen, S. (1984). CK and CK-MB in skeletal
"muscle of athletes and in serum "after thoracic contusion in sport.

J_Sports Med, 24, 21-25. .

King, .S. W., Statland, B. E. & Savory, J. (1976). The eftéct of a short
burst of exercise on activity values of enzymes in sera of healthy

young men. Qunma_CJ:mma_Agta._Zz 211-218.

Kirwan. J. P., Clarkson, P. M., Graves, J. E., Litchfield, P. L. & Byrnes,
"~ W. C. (1986). Levels of serum creatine kmase and myoglobin in
women after two isometric exercise conditions. European Journal

oj_Aame_Em@o.lm_ﬁi 330-333.

LaPorta, M. A., Linde, H. W.. Bruce, D. L. & Fitzsimons, E. J. (1978).
Elevation of creatine phosphokinase in young men after
recreational exercise. JAMA, 239(25), 2685-2687.

LOtt, J. A. & Landesman,P. W. (1984). The enzymology of skeletal
muscle disorders. Wmm&(z) 163-171.

Maxwell, J. H & Bloor, C. M. (1981) Effects of conditioning on
exertional rhabdomyolysis and serum creatine kmase after severe

exercise. Enume_._Zﬁ, 177-181.

McCellan, G., Weisberg, A. & Winegrad, S. (1983) Energy tgapsport
from mltochondna to myofibril by a creatine phosphaje shuttle

in cardiac cells. Am. J. Physiol, 245, ¢423- 427.

McCully, K. K. & Faulkner, J. A. (1985). Injury to. skeletal muscle
fibers of mice following Iengthemng contract:ons JoAppl,

Physiol., 59(1), 119-126.

29

&

~



McCully, K. K. & Faulkner, J. A. - (1986). Characieristics ef
lengthening contractions associated with injury to skeletal

muscle fibers. J. Appl. Physigl., 61(1), 293-299.

 Meyer, R. A., Sweeney, H. L. & Kushmerick, M."J. (1984). A simple
analysis of the "phosphocreatine shuttle”. Am. J. Physiol.. 246,
¢365-377. : .

Nanji, A. A. (1983)'. Serum creatine kinase jsoenzymes: A review.
Muscle and Nerve, 6. 83-90. .

Newham, O, J., Jones, D. A. & Edwards, R. H. T. (1983). Large delayed
creatine kinase ghanges after stepping exercrse M_u_sg_[e
380-385. ‘

Newh m, DJ Jones, D. A Tolfree, S. E. J. & Edwards, R. H. T. (1986).

S njeta| muscle damage: A study of lsotope uptake, ‘enzyme efflux |
and pain after stepping. European Journal of App]leqienysiglggy,‘
55,106-112. \

~ Newham, D. J., Jones, D. A. & Edwards, R. H. T. (1986). Plasma
creatine kinase changes after eccentric and concentric

contractions. Muscle and Nerve, 9, 59-63.

Nicholson, G. A., Morgan, G. J., Meerkin, M., Strauss, E. R. & Mcleod, J.
G. (1986). The effect of aerobic exercise on .serum creatine »

kinase activities. Muscle and Nerve, 9. 820-824.

Nrcholson G. A., Morgan, G, Meerkm M., Strauss, E. & Mcleod, J. G. 4
(1985) The creatine kmase reference interval: An assessment of
intra- ‘and intef-individual variation. Journal of Neurological
Sciences, 71, 225- 231.

Nicholson, G. A., McLeod, J. G., Morgan, C;‘-\ Meerkin' M., Cowan, J.,
Bretag, A, Graham D, Hrll G._Robertson, E. & Shefferld L. (1985)
Variable dlstnbutlons of gerum creatine kjpase reference values.

ManLNmumLomnal_Sﬂﬁm._Zl 233-245.

Noakes, T. D., Kotzenberg, G., McArthur, P. S. & Dykman, J. (1983).
Elevated serum creatine kinase MB and creatine kinase BB-
_ isoenzyme fractions after ultra-marathon running. _Eur. J.

AD.DJJ.Qd_EhﬁLQL_.S.Z.7579 ‘

A



-

/

Norton, J. P., Clarkson, P. M., Graves, J. E., Litchfeild, P. & Kirwan, J.
(1985). Serum creatine kmase activity and body composition in
males and females. Human Biology, 57(4), 591-698,

Olerud, J. E., Homer, L. D. & Carroll H. W. (1976). Incidence of acute
rhabdomyolysns Serum myoglobin and enzyme levels as

indicators of muscle injury. Arch.Intern Med, 136, 692-697.

Qhkuwa, T., Saito, M. & Miyamura, M. (1984). Plasma LDH and CK
actnvmes after 400 m sprinting by well-trained sprint

 runnérs: _Eump.ean._JQumaLo.LAmhad_E.hxmmnuJZ 296-299.

Ohman, E. M., Teo, K. K., Johnson, A. H.. Collins, P. B.,‘Dowsqﬂ. D.P.,
Ennis, J. T. & Horgan, J. H. (1984). . Cardiospecific creatine kinase
after stfenuous exercise in female athletes. .. _Sports Med,

24, 270-272.,

Panteghini, M., Bonora, R., Pagam F. & Calarco, M. (1986). Evaluation
of a commercual mmunoenzymemetnc assay kit for creatine
kinase MB isoenzyme determination using mbnoclonal antibodies.
J,_th__Qnem._C.lm_BLQQhﬁm._Zi._ﬂ? -102. ‘

Panteghini M., Cuccia, C., Malchiodi, A., Calarco. M. & Pagnoni, N,
(1986). Isoforms of creatine kinase MM and MB in acute
myocardial infarction: a’ clinical evaluation. Clinica Chimica
Acta, 155, 1-10.

Pedinoff, S. & Sandhu, R. S. (1978). Electromyographic effgct on
serum creatine phosphokinase in normal individuals. Arch Phys
Med_Be_llaQ_L_Si 27-29.

Poole, D. C. & Gaesser, G. A. (1985). Response of ventilatory and
lactate ‘thresholds to continuous and interval training. Journal of

Applied Physiglogy. 1115-1121.

Preist, J. B., Oei, T. O. & Moorehead, W. R. (1982). Exercise-induced
changes in com‘mon Iaboratory tests. A.J. C. P. 77(3), 285-289.

o

Robinson, D. & Wnlhams P. T. (1982) Raised creatine kinase
activity and presence of creatine kinase MB isoenzyme after

exerc'se Bmmn_MsdmaLJQumaL_Zﬁﬁ 1619-1620.
/

31



Rumléy, A G, Pettlgrew A R., Colgan ‘M. E., Taylor, R., Grant, S,

‘Rogers M. A, Stull A& Apple F.s. (1985) . Creatind kinase
rsoenzyme actlvmes in _men and women- followmgﬂ a ‘marathon °
\ : _ (6)', 679—

‘Ross; J. H., Attwood, E. C., Atkin G E. & Villar, R.-N. (1983) A study”
on the effects of severe repetitive exercise on-serum myoglobin,

- cteatine kinase, transammases and lactate dehydrogenase R

Quateﬂy__dgumal_gf__Mﬂmne._ZQQ. 268 279. .

~Roti, S lori, E., Gwduccr U, Emanuele R Robuschl G Bandnnr P,
. Gnud| A, & Roti, E. (1981) Serum concentratlons of myoglobrn
‘ creatme phosphokmase and lactic dehydrogenase after exercise in

trained and. untralned athietes J. Sports Med.. 21, 113-118.

Manzie,*A., Findlay, 1. Dargre H. & Elhott A. (1985). Serum s
lactate dehydrogenase and creatlne krnase durmg marathon
tramrng rn | i¢ |n 152 155

, Sahlln K., HarnsR C & Hultman E. (1975) Creatlne kmase
equmbnum apg lactate content compared with muscle . pH in
~ tissue’ sample obtalned after |sometr|c exermse Bi Qghem N
152, "173-180. _, o o

‘Saks V. A, Rosenshtraukh*L V Smrrnov V N. & Chazov E N (1978).'

Role . of creatine phosphokmase in cellular function and

B metabohsm Qan J, EbySIQl. Eha[maggl',-. 55, 691 706

,."fSanders T.M & Bloor C. M. (1975). Effects of repeated endurance
- exercise on serum enzyme activitigs in well-conditioned ‘males.
| 7(1), 44-47. o

| Savabr F., Gerber P\J/Bessman P (1984) Myofrbnllar end of
: the creatine. phosphate energy shuttle Am._J. thsrol 247 424-
_ B / SR e 8 | P

'Schnohr P.,. Grande, P. & Chnstlansen C (1980) Enzyme activities

~_«in serum after extensive ‘exercise, with special reference to

creatme klnase MB; Ag_ta_Mgd_S_Qand,_ZQﬁ 229 231

' Secher N (1983) The physrology of Rowmg ,J_Q_u_mal_o_f_s_pg_ns_
Me_dsg_n.e.._12324 r B . o

'&
Tl



M ?ﬁ

- Shumate, J. B, Brooka M. D.; Carroll J. E. & Davis, J. E (1979¢
m Increased serum creatine kinase after exercise: A sex—hnked

phenomenon N_e_u_LQ_I_QQL_ZS_ 902 905.

-

Sjostrom ‘M. (Karger, Basel, 1982). Muscle fine structure and Iess

advanced ischemia. Value of morphologlcal analysus in Lewrs pp.

80-100.
" Sjostrom, M. & Friden, J. (Karger, Basel, 1984). Muscle soreness and
muscle structure. Medicine an ) ience, 17, 169-186.
Skillen, A: 11984). Clrnlcal blochemrstry of Iactate dehydrog‘
- Cell, Biochem, Funct.. 2, 140. | o

Stahsbre D.. Aston, J. P., Dallimore, N. S., Williams, H. M. S. & Wilis,

‘N. (1983) Effect of exercise on plasma pyruvate kinase and
creatme kinase activity. Q_Lnga_C_h_mmga_Ag_ta._lﬁ.Z 127-132.

Staublu M., Roessler B., Kochlr H. P Peheim, E. & Straub, P. W."
(1985) Creatine- kmase and creatine kinase MB in endurance

runners and. in patients with myocardral infarction. Eur J Appl ~‘

Physiol. 54. 40-45.

Symanski, J. D., McMurray, R. G, Sllverman L. M Smith, B. W. &  *
~_Siegel, A. J. (1983). Serum creatine kinase and CK-MB isoenzyme:

responses to acute and prolonged swmmrng in trained athletes.
181- 187

- Tiidus, P. M & Ianuzzo C D. (1982) ‘Effects of intensity and
duration of muscular exercrse on delayed soreness. and serum -
enzyme activities. M

15(6), 461-465. o

""Thomson W.H. S.. Sweetin, J. C. & Hamilton, . J. D. (1975). ATP and-
muscle enzyme efflux after physncal exertion. ,Q!-imga b‘,gbimiga -

‘  Acta. 59, 241-245. N



'APPENDIX 1
REVIEW OF LITERATURE

y

~ , , .
To fully apprecrate the serum creatlne krnase {CK) response to

exercrse a global understandlng of the enzyme's structve and

'functron is fundamental. It has been speculated that both these
'parameters play a prominent role in- the manrfestatron of CK
clearance witnessed. post; exercise. ~The augmented TCK activity
'evrdent foIIowrng exercrse has been shown to be mtrmately related
to the delayed muscle soreness (DMS) experrenced on the completron

of. exercise. This weview will examlne how factors such as

contraction type, sex, exercise‘intensrty and duration, and; level of

training effect the TCK activity witnessed post exercrse
Eurthermore, a review of the mechanisms rnvolved in the TCK
“clearance will he -examined in an a.ttempt to elucidate the

significance "of the TCK response.to'exerci’se of a high intensity and

short. duration. T
g v
. -

CK e%sts in theﬁtoplasm of cells in’human tissues as -a dimer

> @
composed of two subunrts M and: B wdh a relative molecular mass
of 43, 000 and 44, 500 respectrvely (Panteghlm et al 1986) These

‘subumts comblng to produce three dimeric - molecular forms

‘.desrgnated CK MM, CK- MB and CK- BB A fourth |soenzyme has been -

. ‘&n . “x\ ~
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isole‘ted from the"“mitochondria‘of mammalian tissues ‘whichl h.as
been, shown to differ from the cytoplasmic isoform  (Nanj et al.,
1983). In human sera, it |s possnble to resolve three CK MM (MM1
- MM2 and MM3) and two CK-MB (MB1 and MB%) subspecres (Saks et al.,

1"978; Bias, '1‘98'2)1 The CK-MM subspecies isoforms will be discussed ]

in more detail ‘at] a later point in this review. .
2 \. : .
‘CK _FUNCTION

2.1 CREATINE' PHOSPHATE ; AN IMMEDIATE ENERGY SOURCE

The performance of muscular work is dependeqt’ on the energy

denved from chemical reactlons wnthm the tissues (Bessman et al.,

1981).Tqo date, there is very little mformatton on metabolic

respor’ises of humans to* brief‘dura"n

' nntensrty, short duraﬂnon work 'the eed. for energy exceeds the
energy suppled from ?e’robm sources consequently, under these
}crrcucmstances energy must be derived from high energy phosphagen
_ stores (creatine phosphate) and/or anaeromg‘_gl%ysrst_.

“In muscular vyo.rk creatine phosphate (CP) is broken down-gto
* creatine a'nd inorganic phosp'hat_e,with a concomitant release of

energy. This reaction is rapidly cataily'z.ed by CK which facilitates

the transfer of a high energy phosphete to ADP and thereby forming
.'ATP Any ADP produced from ATP hydrolysns is immediately
rephosphorylated to. ATP (Saks et al., 1978). CP is: consndered to be

an |mmed|ately avallable ‘store of ch}mrcal energy m cardrac and

-~
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sketlétal muscle . cells which - maintains the mtercellular ATP'
concentratlons during perlods of prolonged contractlon (McCeIlan et
1983) The CP concentration.in normal metabolizing cells is 3to

"4 tumes that of ATP. 1t is speculated that wrth mtense exercrse the

greatest reductron in ATP occurs in type- II flbers Research has

shown that the rlate of CP brdakdown is dependent on the |n_ten5|ty of

the muscular work mvolved CP stores are depleted with maximum -

sprlntlng in flve 1o seven 'seconds (Cheetman et al., 1986 Hirvonen .

et al., 1987) At the pomt when CP stores are depleted energy must
bée derived from glycolytlc means if the work is to continue.

However the energy production’ rate of hlgh energy phophagen stores

‘is much greater than that observed ln glycolysrs Therefore, when CP’

stores are depleted to a certain |evel the total energy productlon in
,-c\-

.the form of ATP is notlceable reduced The. crutlcal level -of CP is

- . reached when CK is no longer saturated wrth the substrate CP.

¥,

(Htrvonen et al., 1987)

' Maxrmal cycllng exercise of a brief duration results in a |

marked decrease in muscle phosphagens and glycogen . wnh a

concomltant increase in glycolytlc. intermediates (Hirvonen et al.,

1987). ln-'performing a thirty second sprint, marked decreases in_

egcogen are recorded Nevertheless ~with exercise of mcreased
intensity and shorter duratlon subjects become exhausted before
glycogen depletlon occurs Z(Cheetman, et al., 1986).

A\
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22  CK'REACTION KINETICS ~

CK, also referred to as oreatine phosphokmase catalyzes the

reversible phosphorylatron of creatine by adenosme trrphosphate.

(ATP). The optimal pH va_lues for the forward (CR + ATP --> ADP +
CP) and 'reverse (‘CP+ ADP --> ATP + CR) reaction are 9.0 and 6.8,

a respectrve|y The equilibrium posmon for the reaction is pH'

'_dependent At neutral pH CP has a much higher phosphorylatlon

~ potential than does A.TP. Ahis favors the reverse r_eactlon. with ATP

'Abe_ing formed. from CP (Bias et al., 1982). The apparent equilibrium

constant at pH 7 is as follows:

K'= [ATP] [creatine] = 100
| 3 [ADP] [CP]
In a sense the reaction illustrated above is a dead end reaction ,
as there is no cther known reaction involving CP in the cell (Sahlin
et'gl"' 1975). The' gfor—erhentioned reaction is very near .\equilibrium

~in skeleta| muscle (Bessman et al., 1981). The equilibrium constant

and ATP:ADP ratro are such that when high energy hydrolysrs occurs _
the CP pool is depleted to a greater extent than ATP (Saks et al.,

1978) “ _ h
The km for the ATP + CR side of the reactron equation is much

higher than that of the ADP + CP side. Although the.reverse reaction

is krnetncally preferable, oxrdatwe phosphorylation accelerates the
forward reaction” in the mitochondria (McCeIIan et al., 1983 , Meyer ‘

'et al;, 1984). CP is phosphorylated in the mrtochondrra drrectly from

~ ATP generated by oxidative phosphorylation.



The equahbnum constant for myoflbrlllar CK is very Iow as a
result ATP production from ADP and CP is kmetncally preferable
(Saks et al., 1978). In thl§ sntuatlon the equilibrium of the reaction

is such that it acts to transfer a phosphate from CP to ADP yielding

ATP at the CK myoflbrnl site on the M- }me (Houk & Putman 1973 &

- Savabi ot al. 1984)
23 THE ATRASE /CK INTERACTION

The molecular mechanism- of muscu|ar contraction 'i'nvolves ATP

: hydrolysus in the actomyosm ATPase reactlon (Saks ‘et al., 1978).

Available kinetic and biochemical evudence have indicated a possnble

_fpnctlon_al-.mteractlon between myofubrul CK and .ATPase, whereby

the product of the ATPase reaction is utilized as substrate for ‘the

CK reaction (Savabi et al., 1984). In the presence of CR,-the ADP"

~ produced ‘from ATP ihydrolysis during muscle contraction . is

immediately rephosphorylated by the myofibrillar CK'reaction at the

“expense of CP" . The newly produced ATP is then used in_ the

su-bsequ’ent contractlon cycle (Meyer et aI 1984) Extensnve

muscular work requires an effective energy supply and rapid removal |

of the |mmed|ate product of the ATPase reactlon (ADP) to avoid its

accumu|at|on and. the ,mhnbntuo._n pf the ATPase (Meyer et al., 1984;

McCellan et al.,1983). ATPase and CK are "thought to be spatially.

‘~coupled in such ‘a way that enerdy rich phosphates are efficiently
transferred by CK to the ADP formed by ATPase. Research has
demonstrated a hngh ATP: ADP ratuo is found in the vicinity: of the

ATPase (Houk & Putman, 1973). Although, the hngh ATP
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concentrations in. the 'myoplasm' are not ‘easily " acces‘sible‘ffdrj’\:
ATPase. The .newly formed ATP is COmpa[tmentalized in -such a
manner that it gains préferential acces,‘s to the active site
| (Bessman et al:;, 1980). Thijs close 'functional‘relationship"between |
CK and 'ATPase could possibly be due to aphysical associatidn |
between these two enzymes, which serves an ~i-rhpvortant role in

enérgy production and utilization (Ericks_dn-Viitanen et al.,'1982).
2.4 . CK LOCATIONS

'CK has "been shown to bind to the outer side of the
mitochondrial. matrix, rﬁyofibril,,,sarcoplasrﬁic\rﬁeticmum (S.R.) and
ro

| sarcolemma. However, tﬁhe two most p inent sites of its

aftachment are the myofibril and mltochondrna (Bessman et al.,
1981). CK bound to the mutochondna accounts for % of the total
CK activity of the cell (Saks et al, 1978). The myosin he d on the M-
line has been demonstrated to con'tain.the méjor CK-MM isoenzyme
" component (Bessm_'an‘.& Fonyo, '1965). On contraction tt ~myosin and
actin heéds are brought into a region rich in CP lo around the |- ;
Band This . provides substrate for the transfer of phosphate to the
‘bound ADP at the crossbrldge site and “thus . permits relaxatlon to
occur (Savabi et. al 1984). The CK that is associated with the S.R. is
in close proxnmlty wnth the Ca2+ dependent ATPase. The ATP utilized
by, the Ca?* pump is used for Ca?* sequesterlng durmg actuve
relaxation in skeletal and cardiac muscle (Sak§ et aI., 1978). The,CK
Iocéted on the plasma membrane play's a similar role to that of

sarcoplasmic re.ti;c'ulum_CK-, in that, the ATP produced in the CK



reactuon is utilized in supporting Ion balances across the surface
membrane of the cell (Bessman et al. 1981) It has been suggested
that energy transfer from the mitochondria to target organelles such
as the sarcolerﬁma, S.R., and myofibrils is organized by a CP energy
- -shuttle (Mey'er'et al.,1984). The two prominent locations: of CK
provide. appropriate receptors for the\ .,C.R shuttl'e at .' both" the

mitochondrial and myofibrillar ends.
28~ THE ROLE OF THE CP SHUTTLE

CP is thought to p|éy" an important rele as a buffer for the
resynthesis of ATP in muscle metabolism. CK" isoenzymes are
instrumental .in' the intercellu_lar energy 'transpdrt from the
mitochdndria‘ to the myofibrils and other sites of energy utilization

(Houk & Putman et al., 1973). La‘rge' cellular pools of ATP may not be

directly accessnble for utilization in muscle contraction. Instead -

only a small pool of ATP around or in the myofibrii may be utilized.

‘_ These small pools of ATP are replemshed by CP which has been

suggested to be a high. energy phosphate ‘carrier connec'qng the ’

mitochondrial pools of ATP. with the myoflbnllar and possubly other
ATP pools (Saks et al., 1978). The M-Band is believed 'to use the CP
that has diffused aiong the |-Band from the mitochondria (Bessman
et al.,” 1981). The apparent 'preferehtial 'utiliza’tioh of QP _by
myofibri'li'ar' ATPase su'pports' the. idea that energy for. mu}scul(ar
contracti‘:on is: delivered through a"mitochondriel -\ myofibrillar

shuttle of CP and CR. For the shuttle to operate there must be CK

/ ,

'present m both the mltochondna and the myoﬂbnl (McCelIan et al "
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1983). The mitochondria synthesizes ATP from ADP and Pi. Creatine

is phosphorylated in the mitochondria to CP by means of the CK -

reaction. CP diffuses to the myoplasm"where a second CK pool
_ rephosphorylates bound ADP to ATP transferring a phosphate troﬁn
CP (Bessman & Geiger, 1981).

Thus, €P has classically been considered to f'unctic&\asl a
storage form o"f high .energy phosphates that butfer changes in 'ATP
\and ADP Ievels however, it has is. been proposed that CP and CR
K functlon as a "shuttles" for fthe trénsport of high energy phosphates

#
between compartments of adenylates wlthln the muscle cell.

26 © CK INTERPLAY WITH OXIDATIVE AND GLYCOLYTIC.
R METABOLISM ’

L

"CP acts as art energy donor for contraction in which glycolysis’ |

and oxidative phosphoryletion supply the energy for its

rephosphorylation 'The action of CK produoes the 'immediate product

of ADP which . acts Yo stlmulate oxidative phosphorylat;on to produce

. CP (Savabl et al., 1984) Some believe that the CK reaction is a side

reactlon in the supply of energy for contraction, whereby ATP from

glycoly5|s and oxudatuve phosphorylatuon is considered to be used
dlrectly in the myoflbnllar ATPaj reaction, while CP acts purely as

¢ e high energy phos‘phate store ( aks et al., 1978; Meyer et el.,1984).

i
1
Y

41



42

Tiidus et al.,(1983); Galteau et al., (1976) & Berg (1978) report
that the magnitude of the gerhm TCK res.ponse is - directly
proportional to the intensity and duration with which an activity is
derformed Although the intensity of the exercise was found to v
have a more pronounced effect on the enzyme response than the
duration. Lott & Landesman, (1984), Fowler et al,, (1968) Chahme ot
al ‘-‘(1976) and Hunter & Critz 1971 refute - this finding. They
contend that increases |n CK activity are' linearly related to the
duratlon of the exercise rnterval ' e

Females have been shown to have lower resting CK levels than
maleﬁogers and co-workers research in 1985 demonstrated that -
females had a srgnlflcantly lower serum CK activity than the males
at all points of sampling post marathon Shumate et al., (1979)

" contends that female skeletal muscle is |ess sensitive to exercise
than‘ males. Norton et al.,, (1985) and Rogers et al. (1984) 'suggests
that this may be attributed to dlfferences in lean body mass se‘an
between males and females. Since skeletal muscle contains the
highest activity of CK in the body, (CK- MM 90- 100%, CK MB 0- 10%)
the observed male-female sex dlfferences in. serum CK elevatuor(:é‘ .
could be attrrbuted to a larger muscle mass in men. In addition,\:
hrgher CK activities m males may reflect a Iarger muscle fiber
recruitment which in turn facilitates greater skeletal muscle

leakage' of CK into the circulation (Rogers et al., 1985; Apple et al.,



&%
1986). Kirwan et al.,(1986) contends that decreé§es in the CK
response after. gxércise in females could bg associated wflth an
evstvrogen mechanism which s#fe guards females from exercise-
induced muscle damage. This increased levels of estrogen in female
‘may reduée‘enzyme effluxing due to the .protective or stabilizing
offect it has on the sarcolemma (Norton et al., 1985). '

-

l o N\ |
3.1 - CK RESPONSE TO AEROBIC TRAINING
»

Elevated ®erum er'lzyme(activities in healthy well trained long

distance runners may suggest that prolonged strenuous exercise’

re\sults in substantial damage to skeletal mus‘cley (Rogers eht al.,
1985). Rlecerlt documentation of changes in the ultra structure of
skeletal muscle from marathon ru‘nrlers' would lend considerable
support to this conclusion (Ev‘ans et al 1986; Apple et al., 1987,
Hikida et al., 1983). Several leports would indicated that serum CK
release after a standard load of Exercise may be lessoned following
a peri'od of aerobic trainlng (Rogers et al., 198_5'; Olerud et al.,19786,
Brown 1983). Nevértheless, it has been noted that the trained
individual displays an elevated resting TCK. Roti et al., (1581) and
Ross et al., (1985) 'suggest that training diminishes the ‘release of
enzymes into the serum’ following ex’eréise yet'augments the CK
actnvuty at rest. Both researchers contend that training elicits a
cellular adaptatlon in the exercised tlssue that facilitates an
lncrease in muscle enzyme synthesis followed by enhanced plasma
- effluxing. Moreover, research shows that this effect may .simply

reflect relative muscle mass or mcreased turnover of skeletal
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- proteins on a long range basis in the trained individual (Priest et al.,

-

1982; Stansbie et al., 1983). Jansson et al., (1985) reported that CK

activity was not related to training status, although it was lower in

type I(slow) fibers than type lI(fast). It was demonstrated that the
CK-MB content in skeletal muscle increased with the degree of
endurance training. Schnohr and co-workers (1980) contend that

there is no difference in post exerclse CK levels in endurance

trained versus untrained individuals.

Apple et al., (1984) has demonstr‘ated that slow twitch fibers

contain a.higher percent of MB than type || fibers. End'urance.training -

appears to increases the percentage of CK-MB in type | fibers

which ‘acts to yield a more heart-like muscle fiber. The human heart

"is comprised of fifteen to twenty percent CK-MB and seventy-five to
eighty- percent CK-MM (Apple et al., 1984). CK-MB has been

correlated with the oxidative capacuy of a cell as estimated by

mitochondrial CK {Jansson et al..“““1985) As mentioned prevnously,

TCK activity has been shown to be higher in type Il fiers. This is

consrgtent with the suggestion that TCK ac\non |s melucated in the

intercellular energy storage that should theoretncally be more

developed in type Il fibers due to their ability to react to sudden

energy demands (Kettun’en et al, 1‘982) CK-MB elevation above six ,
percent of the TCK is. widely accepted as an indicator of acute AMI'
(Stansbie et al., 1983). Kettunen et al.(1982); Lot & Landesman

#, K

(1984) and Apple. et al., (198 have reported CK-MB activities

greater than six percent of the TCK .in athletes post marathon.

' However on- further scintigraphic analysis, no damage to the

myocardlum was vuewed Schnohr et al. (1980) concluded ‘that, since

44 °



!

trace amounts of CK-MB are found: m skeletal muscle and the

molecular weight of CK- MB and TCK are vnrtually |denttcal. it is

likely that the small amounts of CK-MB found in the serum post-.

exercise originate from skelétal muscle sources. In fetuses and in’

dystrophy patients developing and regenerating muscles contain a
higher, CK-MB content than muscles of sedentary individuals (Lott &
Landeé‘%an 1984). Researchers believe that the damaged skeletal
muscle be‘gms its regeneration process through a reversal back to
its_ fetal form ,(Apple et al., 1987)‘. Stress induced' by training might
reactivate the 'B' subunit gene to initia;e and increasehthe synthesis
of MB, BB or (Apple et al., 1984). Rogers et al., (1985)

suggests thatsc ic runners have a transnent rhabdomyolysis

which during leads to muscle regeneration through the

fetal state. Chroflic stress-induced injury to skeletal muscle may

¥

allow for CK isoenzyme composition to differentiate through a °

pattern similar. to embryonic‘ skeletal muscle formation by
degeneration and regeneration of CK BB .to MB to MM.‘Thi‘s chronic
state of fiber necrosis:_ and regeneration could Iéad to an increase in
CK -MB content in the skeletal muscle (Apple et al., 1987). It is

possible that the CK-MB isoenzyme is released selectively from

different fiber types within the injured muscle (Newham et al.,e

1986). Moreover, injury to the enriched CK-MB muscle would
augment the levels of the heart like isoenzymes cleared into the
‘circulation and thereby yield an enzymatic profile- similar to those

observed following AMI.
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3.2 DELAYED MUSCLE SORENESS (DMS) AND THE CK

RESPONSE

Heavy physrcal work performed by trarned or. untramed
mdrvuduals results |n'~delayed muscular parn and stlffness “This
' delayed muscle soreness (DMS) has been attrrbuted to" the ‘gccentrlc

component of forergn exercrse (Kasperek & Snlder 1985) To date
| there is no- general agreement .on the: pathophysnologrcal mechanlsm

responsnble for DMS Delayed muséle soreness is a concept Wlth a

. vanety of. meamngs In brief, it comprlses a number of - symptoms .

with varying character and degrees of " dlfflCU|tleS (Fnden et al.,

1986) The underlylng pathoph)gmloglcal processes which are

usually flber -type .specrftc are very different and depend on the ‘

' amount and type of WOrk carrled out (Sjostrom & Fnden 1984)

Both CK and myoglobln are used as objectlve mdrcators of |

muscle trauma (Olerud et al., 1976) Myoglobm appears earlier- ln the

circulation than CK followmg exercise due to its smaller molecular

o werght (17 800 as compared to 80 000) (Byrnes et.al 1985)
Myogloblnanemla (detectlon of myoglobm m the serum ) lS thoUght to
be. the most sensmve mdrcator of micro- trauma to skeletal muscle
(Maxwell et al 1981 Olerud et al., 1976 Demos ‘et al., 1974)

However CK Wthh is predommantly composed -of the skeletal—

musc|s type |soenzyme (MM) has been demonstrated to be an

aecurate enzymatlc marker of skeletal muscle trauma (Lot_t }&

Landesman 1984 Ross et al 1987) _
. - S
Followmg heavy physncal work' of an Wentric nature muscles

exhlblt Zband dlsorganTatlon Iband wndemng and dlsruptlon of

;,“




b

_develoip'sjprefe_rentiallﬂy"abfter' eccentric work.

the sarcomeres (Ne;w'ha'm et .al . 1986) Hrgh myoflbnllar te),ron

v . N
- q-’ R
. .

deve{opment during contractron causes a mechanlcal disruption of

has been _shown to be the weak | hnk in the myofrbrrllar contragtile

chain (Frrden et al., 1986) Elevated Iysosomal enzyme actrvrty artd‘
.‘caJcrum (Ca2+) levels have been reported to weaken thls partrcularg

‘- fportron of the myofrbrrl structure (Armstrong, 1984) Lysosomal'

enzy‘es are rmphcated in the mcreased rate of muscle protern

. degradatron observed wrth exercrse This .increase in Iyslosoma.

actrvrty is' likely due to macrophage rnfrltratrdn assocrated wrth,

deg neratrve (proteolysrs) pro\cesseﬂfoccurrmg in damaged muscle'
(Kasperek & Snider, 1985 Nrcholson et al., 1986 Abraham 1977) |

As mentloned prevrously eccentrrc exercise has. been shown to

E _‘damage the sarcolemmrc architecture. It ‘has been well documented

y ;that eccentrrc work can: leadjo a very large .loss. of musc|e soluble

e.niz'ymes (notably CK) mto e crrcu|atron (Armstrong et al, 1984)

’:hrle most exercrse consists  of. 'eccentrrc and concentric

' vbo’ntractrons it is belreved that the eccentrrc component \is chlefly'

| ‘responsrb‘Te for causmg this muscle: damage (Evans et al., 1986) 'The

......

o ,f_;.vdrfference in the ex»tent of tissue rnjury wrtnessed post exercise
ﬂ,_may be attrrbuted to _either ' contraction strength ‘and/or velocrty'

vr(McCull.y,r& Fa.ulkner, 1985). Thﬁ’s muscle pain..and tenderness

(W)

the Z- dISC (Fr}en , 1984). Durlng the perlod of overload the Z-drsc’_ §



Be fu’bptron to the exercnsrng trssues (Sjostrom & Snider, 1984).

V-
L

3.3  MECHANISM OF CK CLEARANCE AND ALTERATIONS

L The' mechanism _of yme clearance which is _yet unknown

\ may include removal - of enzymes by the retrculoendothelral system :

rnactrvatron by the Iymphatrc system clearance of enzymes by the
tissue of origin and partial degeneratron by the enzyme in the cell
‘(Rogers, et ‘al.,, 1985). In view of known drfferences in the muscular

" contraction types, the mechanism responsible . for the enhanced TCK
e ;

clearance witnessed post exercise is controversral. DMS = and

enhanced CK clearance has been attributed to: (a) metabolic effect

- on muscle frbers producing’ rncreased membrane permeab ~an<ﬁ
£ (b) mechanical effect on . muscle fibers resulting in memQtane -

| damage and fiber. necrosrs (Newham et al., | 1986L Whole body |

’ massage which employs mechanrcal manrpulatron of the muscle has
O

&

is uncertarn (Clarkson et al., 1985)

The  CK efflux - demonstrated wlrth egercrse may b:“fd,ge to/
to be ~

metabolic’ factors, however conoentrrc contractions are’ kn

metabolicalfy,l more c05t|y than veccentric‘contractions (Newham et

> _
been shown to elrcrt rncreases CK actrvrty, however the mechanism
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al., 1983) Moreover eccent‘ri'cwork produces greater 'tension per

active motor unit than’ porrespondrng concentrrc work (Friden et al., - o

19&6) whrch |n urnws speculated to evoke a profound mechanrcafj o

A"&rvrtres su0h. as downhill runnrng and eccentrrc stepprng have

been found to induce DMS due to therr bras to eccentric contraction..
(Clarkson °et al,, 1985 Byrnes et al., 1985 Newham et al., 1983)."
Symanskr et aI (1983) observe@o significant rncrease in TCK

w-‘.



. v 7 ll&j

activity with trained swimmers following. acutei and prolonged swim'
stress testing to the point of ‘exhaustion. Theser‘ fin‘dings could |

perhaps .be at_tributed to a decrea_s"e in'me_chanilcal force produced in

'swimming as conipared _Ito‘. running which would suggest that under

- these circumstances CK?'reIease‘ is re»lated' to mechanical'factors

rather than metabollc fatigue . e
LAely ."' o M\‘ﬂﬁ}’f . )
Ih%" oa 'uttf CK from the muscle has been shown to oceur.

relative'ly fdd@f!y and only after prolonged periods of exercise
characterized by.marked decrease in intercellular 'ATP. levels
_(Schmit & Schmit, 1968). If the exercise is not sufficient in
' depretmg the mtercellular levels ‘of ATP, one does not see .these
pronounced mcrease in enzyme fluxes across the sarcoleqma (ng
et al.,, 1976), An rmtlal decline in ATP stores occurs at. th%set of‘
exercise, although only prolonged and strenuous exercise will -
depress' the ATP levels low enough to allow for the effluxing of the |
mtercellular enzymes (Thomson et al., 1975). Olerud and co-'
'-workers (1976) speculated that during extreme exercnse e‘nergy-
.deflC|encres occur within the cell that may reSUIt in subcellular
‘ competmon for the energy -rich phosphates. Such competltlon could
result in a relatrve defrmency in structural marntaamng energy.
‘Maxwell et .al., (1981) suggests that serum elevatrons of muscle
'enzymes followrng strenuous exercrse is- due 'to leakage through
‘damaged cell membrane compromlsed by a depletlon of ATP that\u v
_ normally dedicated to the mainfenance sarcolemmlc mtegrlty

Hunter and Critz - (1971) * reported that endurance tralnmg o
reduces the CK response to maxrmal and submaxnmal exercuse loads. * -

St was 5uggested that tramed muscle can produce ATP more

v ‘1‘:,\
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_ efficiently than untralned Therefore the” release of enzymes Jpost

exercise occurs -later and only after greater degree of fatlgue in the

trained individual (Priest et- al., 1982). Tralned muscle has also

been- shown to have an increased a%llabrhty of ATP which- may help

~in maintaining the mtegruty .of the cell membrane durlng strenuous

. work (Stansbie et al., 1985). Holloszy (1971) noted that enduran&e

training augments the synthesrs of particular enzymes and;. mcreases

" the size and number of mrtochondrla Since the’ mltochondrra |

“supplies approximately. ninety-five percent of the skeletal muscle

ATP by oxrdatlve phosphorylatron the capacrty of . skeletal muscle'

for producrng ATP should be enhanced (Cheetman et al., 1986) The

;lncreased amount of. ATP avarlable during strenuous exercise may

.assist. in marritalr;m.g the integrity of the cell membrane,‘ thereby’- |

rendering the %_ell. wall more stable and thus ‘reduce the enzymatic
~fluxing observed post exercise. '

When to!al work remains relatlvely constant, serum enzyme

levels «reflect. gellular damage and repalr (Newham q? al 1983) An

intriguing and as yet unexplalned feature of DMS is that the maxnmal
‘enzyme release occurs usually some time after the exercrse was
performed a time course that is -appreciably longer than that of

‘ musc_le paln (Newham et al., 1986).. Evans et al.,(198_6) noted that

myofibrillar damag'e' is greater three days aftereccentric, exercise.

_‘thanzlmmedlately followmg ThIS “would rndrcate that ,the

- .degradation of the contractrle unit is a delayed event Newham et al |

| ,(1983 ) found that muscle tenderness was decreasmg at a time when

—CK actwrty was reachrng its peak This - suggests that a pain

produclng substance might act as a precursor f_or the subsequent rise

<
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in ~enzyme. release. The processes asscciated with tissue repair

could be factors contnbutlng to the soreness sensatlon viewed. post

" exercise. The followmg chain of events is speculated be involved in

the DMS response.

a.'Hig'h tension eccentric contractions lead to structural
damage | | | | |
b. Cell membrane damage Ieads to disruption of the calcuum
ion homeostasis and enzyme leakage. |

- C Products of- macrcphage activity and intercellular contents
accumulate in ‘the mterstltlum Wthh in turn stimulates free
nerve endmgs in the muscle leadlng to the sensatlon of DMS.

(Armstrong, 1984; Tiddus et al., 1983; Bloor, 1978)

Armstrong et al., (1984) ‘s.uggests‘that training for a specific

activity reduces the DMS response. The etiology jand cellular

- mechanisms responsible for this reduction are unknown. There

' appears to be a great deal of varlatlon between subjects sensntuvnty' '

to eccentrlc work Tralmng appears to be hlghly specific, not only

for the partlcular muscles involved but also for the predomm
o ]

type of contraction employed in the event Some individua

' habltually eccentrically. trained. Thus, the extent to which the active .

muscle is Iengthened and the degree of habltuatlon to eccentnc work

can play an promfhent role in’ determlmng -the nature of the enzyme

| response (Newham et al., 1986).

-

f

are
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ADVANCED MEANS BY WHICH TCK ALTERATION

0o

The release of muscle enzymes has been a valuable means of

assessing the extent and time course of muscle damage, yet, because

. it is measured in the general circulation, it cannot- give precise.

mformatlon about the location of the damage. A fecently develdped
method of identifying* muscle damage is. to trace the uptake of- radio

labelled 99‘“technet|um pyrophosphate (Tc-PYP) (Newham et al,

1983) Te- PYP uptake is used to ldentify those musclesithat are _

- effluxnng enzymes aIthough little is known about the mechanlsm by
WhICh Te- PYP is taken up by the damaged ‘tissue. Orya.\ possmle
‘explanatlon is via hyperelemla and alteri‘ caplllary permeablhty
‘,(Newham et aI 1986) Perhaps the radlo |sotope dlffuses through

non- S[&GCIfIC Iesnons in the muscle flber membrane at the same tlme

- that a soluble enzye leaks out (Ohman et al., 1984) Thus Tc-PYP
tracings vide useful information about the |oca||zat|on and

- time course for muscle - damage However, it is possnble that a form
of muscle damage occurs in which no enzyme are released from the
muscle (Newham et al., 1985). i

As was mentloned previously CK-MM exists .in three |soenzyme
forms in the plasma OK-MM 1 is the pure: gene product and is

released from from the muscle tissue into the circulation. Once in

~the C|rculat|on the MM 1 is converted into the |soform MM 2 and then

MM 3 (Clarkson et al 19885). Elevated levels of the MM 1 isoform in

_ the blood mdncates new (@ ase of CK into the plasma prlor to its

s _conversion. The MM 1/ MM 3 ratuo can provude an |ndex of enzyme‘
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'release rate from damaged tissue. Clarkson - et al (1987) states
~ that the conversion oﬁCK MM1 to MM2 to MMS3:-is is performed
rapidly in the blood, as it is in the MM3 form that CK must be cleared

from' circulation. The presence of small fractions’_df CK-MM1 at rest
reflects»'release of. CK from mus'cle tissue . undergoing normal

p’Wsneloglcal turnover (Clarkson et al., 1987). | An increase/lt/vel of
. MM1 in the cnrculatlon can provude a sensmve mdlcator of ‘enzyme
release from the exercnsed muscle " As the release of MM1 into the
'_‘CIrculatlon begms to exceed th\Ke of clearance from the blood the'f
total Ck acttwty increases markedly (Clarkson et aI 1987). Thus,
- the quant|f|cat|on of CK isoforms can provnde an earlier mdex of CK
release from damaged muscle tissue and moreover,- may be useful m

tracmg the time dQurse of muscle damage and repalr '

- 4
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~ The release of CK following exercise is thought to be analogous

to the release' of cardiac specifie enzymes after 'ac'ute" myocardial -

infarcts .(_AMI),v:As the magnitude‘_ of the enzyme flux |s related te the
| severit‘y of the infard‘t, the rel_eaee of the skeletal muscle enzymes
following'ex‘ercise has"heen "postulated to be related to a number of
dlfferent contrlbutmg factors such as: the phgsical condition of the
subject (Apple et al, 1987; Jansson et al., 1985 Brown, - 1983;
Sanders & Bloor, 1975); magnitu " of "the stressor (exercuse‘
intensity and duration) (Tiddus et al., 1983; Rogers et al., 1985);
i T )
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" subject sex (Kirwann et al., 1986; Shumate et al.1979), specific
char_actei,of ‘the' enzyme (Priest et al., 1982); lean body mass (
Nort'cn et al., %1985); cl;loice. of sampling time (Lott &
‘Landesm‘an.1984); assaying method utilized for CK analysis
(Nicholson et ai-».;1985; Bias et al., 1982); and, ,t_h‘e ‘nature of the

exercise (cohtfaction type and mode of exercise) (Newham et al.,

1986 ; Roti et al., 1981; Friden et al., 1986; Kasperek & Snider,

1985). These factors have all been.demons_trated‘ to elicit a powerful
.influen'c_e on the elevated eniyme clearance witnessed on completion
of exercise.

It is quite apparent that the effect of exercise on certain

bi.ochemkicall testé- can lead. to false diagnosis, especially where :

exercise-induced muscle trauma mimics the effect of muscular

disease (Nicho’lson et al., 1986). Since CK levels are f'requéntly usg’d

to diagnose pathological conditions, - it is particularly critical that

the subjects level of physical activity be taken into account under

these circumstance to -avoid -false diagnosis.
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