
=NVEST=GAT=0討 OF EXERCISE-INDUCED

DELAYED-ONSET
_MUSCULAR

SOREflESS‾

AND SERtIH CK ACTIVITY

By

Ki5atO YA捜AGUCH=

Majoring in:

Thesis advisor:

Sport medicine

Eazutoshi M=NAM=TAN=

Approved bY

__盟_痩_-塵二塊___
#T』1%温
止L

Approved on

料
i

A

鼠

佗:藍感

#'㌔
&

叫憎
もY･,Jv

∨∴あ
β

&J襲
-

1ヰっヰ｣

.′ヽ.

ち./11凄も &

A Thesis presented to

the Faculty Of the School of PhYSica1三aucation

Juntendo University

in Partial Fu11fi11ment

of the Requirements for the Degree

Master of Physical Education



AbbTeV⊥at土ons 土n the text

CX

DOMS

WBC

F．工．

C工・eat土ne k土nase

Delayed－OnSet muSCulaご SOreneSS

Whlte bl00d cell

F土tness lndex



CONT五NS

Chapteご

工． 工NでRODtJCで工ON

工工． B工B工王oGRA王）H工CAI SURVEY

l）Descご1pt⊥on of delayed－OnSet muSCulaエー

SOごeneSS（DOMS）

a．Defユn土tlon

b．DlffeごenCeS j＿n muSCle くコOntごaCt土on type

C．Tごeatment

2）Hypotheses about mechanlsms of DOMS

3）工ncTeaSeln seごum CK act⊥Ⅴ土ty f0110W土n9

eXeごCISe

4）Relatlonshlp between post－eXeTC土se seごum

CK actlvlty and ma9■n土tude of DOMS

5）ワごa土n土n9■ effects

工工工． MEでHOD

l）Sub］ects

2）Bl00d analysIs

3）Muscle soごeneSS eValuat土on

4）ExeTCIse－PごOtOC01

5）Statlstlcalanalys土s

工Ⅴ． R五SUITS

1）

2）

3）

4）

Huscle

Whlte

Seごum

出uscle

▲ SOごeneSS

bl00d cell

CX actlvlty

SOごeneSS and

Ⅴ． D工SCUSS工ON

l）出uscle soごeneSS

2）Whlte bl00d cel1

3）Seごum CK act土vlty

4）出uscle soごeneSS and

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

Seでum CK co∫てelat⊥on．‥

Seごum CK coTごelatlon

Pa9e

4

5

5

10

12

12

13

13

14

15

15

16

16

8

0

0

⊥

⊥

つム

2

2



Ⅴ工． CONCI」US工ON

SUMMARY

A（：ⅩNOW五EDGEHENTS

REFERENCE

● ● ●
●

● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ●
● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

●
● ●

●
● ● ● ● ● ● ● ● ● ● ● ● ●

SUMMARY（1nJapanese）

TABIJES

F工GURES

● ● ● ● ● ● ● ● ● ● ● ● ● ●
●

● ● ● ●
● ● ● ● ● ● ● ● ● ●

Pa9e

26

27

29

30

38



Chapteご 工

工封TRODUCで工ON

工t 土s welllミnOWn that、S七TentlOu．S and，unaC亡：㍑StOmed

exeごCj＿Sels often f0110Wed by musculaご SOごeneSS．that becomes

appaごent SOme houごSlateごand may peごSIst foご SeVeraldays・

でhe
object⊥ve s19nS Of sore muscles are st土ffness，flごmneSS，▲

tendeTneSS．andweakness．5卜10）仙e foごCe they aごe able to

exeごt duご1n9－ maX土malv01untaごy COnt工■act土ons and even when

stlmulatedelectT土cally土s decごeaSed・49〉

Althou9h almost eveごy healthylnd土vldualhas experlenced such

a type of muscle dlscomfoTt at SOme t土me，the cause of musculaご

SOごeneSS OCCuごSl－2 days afteご eXeごC土se has
stlllnot

been

f土ごmly establlshed． Because of the tempo∫aごy natu∫e Of

exeTC土se－1nduced muscle soごeneSS，1土ttle TeSeaごCh has been

PごeSented to elucldatelts mechanlsms and 土ts Tel⊥ef．

But 土t ls clear that musculaご SOTeneSS 土s one of the

lmpoftant妄汀Obl畠msl土n′与a工一軍yln90u七＿an effect土ve 七ごa阜n土n9 and

ごehabll土七atlon′Pご09ごamS．Staton63）re9ごetted that the occu汀enCe

Of thls cond土t⊥onls a pごOm土nent deteTごent tO the attalnment

Of optj＿malphys土0109■1Calf土tness，Part土cularly when a h19■h

de9Tee Of f⊥tness must be ach土eved wlthln a ごela七1vely shoごt

Peご10d oゴ≡ t土me．

Recently many stud土es have su9■9eS七ed that exe∫CIse－

Telated delayed muscle soごeneSS 土slnduced by some soごt Of

muscle t土ssue dama9■e，Wh⊥chls especlally notlceable 土n

muscles wh土ch have perfo∫med eccentご土c cont∫aCtlons．
21こ23〉



F㍑どtheごmOごe，the onset and tlme couごSe Of the dama9■e Seemed

to be cons⊥stent w⊥th the de9工ee Of peごCelved muscle soreness

（cf．Chap．工工）． 工t has also been demonstごated that dama9e Of

muscles couldlead to alaご9e efflux of muscle enzymeslnto

the bl00d（spec土f⊥cally cごeatlne k土nase【EC 2．7．3．2．＝ reffe汀ed

as⊆室土n the f0110W土n9）・The release of CK has been taken

COmmOnly as a valuable means of asessln9■ the extent of muscle

dama9e′ because moごe than 96篭 of th土s enzyme ex土stln skeletal

muscles．65）espec土ally at the出－11neln skeletalmyof⊥bT土1s・74）

工tls tempt土n9● tO hypothesIze that exeごC⊥se－土nduced

muscle dama9els a common tご199eご OflntごamuSCula工 enZyme

ごelease and so工■eneSS SenSat土on．and h19●h coごごelatlon m⊥9ht

be also conce⊥vable between bdth events． 工f thls 土s the

CaSe，the de9■ごee Of soごeneSS SenSatlon would ごePごeSent the

amount of muscle dama9e aS 土nd土cated by seTum C王く act土Ⅴ土ty．

And acco工・d土n9・tO thelevelof Se工・um CX act⊥Ⅴ土ty′ ⊥n some ext工・eme

CaSeS．mO∫e attentエon must be pa土d to the tごeatment Of

muscular soごeneSS and to the puごSult of exeTCIse pT09ごamS．
76）

Althou9■h mro召tノ exeTCIse enthus⊥asts belleve that exeごCIs土n9■

the soTe muSCle must be the most effectlve way of ごeduc土n9

the soTeneSS，there 土sl土ttle expeT⊥mentalevldence conceごn土n9

土t．

Thus．the maln puごPOSe Of thls studyls；tO teSt

Whethe工■ ○ご nOt the chan9■eS ⊥n post－eXeごCIse delayed muscle

SOごeneSS COごごelates wlth thatiね seTum CK act土vlty．Alon9

W土th them．the expeTlment has been des19■ned to conflごm the
■

10Cat土on and de9ree Of muscle soごeneSSi．n d土ffe工・ent types



Of muscle contごaCt土on and t0 0bseごVe the t土me couごSe Of the

Chan9eSln seごum CK actlv土tles and 土n the occuTrenCe Of muscle

SOごeneSS after a steppln9■ eXeごCIse usln9Well－COndlt土oned youn9

Subjects．



Chapte∫ 工工

B工Bム工OGRAPIl工CA工。SURV正Y

1〉 Descご1pt土on of delayed－OnSet muSCulaご SOTeneSS（DO出S）

a．Def⊥nj＿t土on

When d土scussln9 eXeTCj＿Se－⊥nduced muscle dlscomfoごt．

1tls necessaごy tO d⊥stln9ulsh two d⊥ffeごent tyPeS；aCute

〈temporaごy）paln，anddelayedくresldual）soごeneSS・2）20）44）69）

出uscula】：Paln may occuご duご土n9 fatl官uln9● eXeごC⊥se oご1medlately

afterwaコニds，Whereas soTeneSS and st土ffness usually appeaご

SeVeごalhours o工■ dayslateT．

Acute type of paln，Whlch as 土ts name 土mplles occurs

duご1n9● andlmmed⊥atelly f0110W土n9■ the exerc土se，1s thou9ht to

be 工■ela七ed t01ack of adequate bl00d flow to七he woTk土n9■

muscles（土schemla）．17〉

でhe second type of exeTC土se－Telated muscle dlscomfoごt，

delayed－OnSet muSCulaT SOごeneSS くTeffeごTed as DOMS 土n the

f0110W土n9）has beendeflnedbyAごmStごOn9・5）Accoでd土n9tOh⊥s

defln土tj＿On′ DOMSl岳 the sensatlon of d⊥scomfoごt Or Pa⊥n 土n

the skeletalmuscles that occuてS f0110W土n9 unaCCuStOmed

musculaご eXeごt土on． でhe soごeneSS uSually does not appeaご

unt土1houごS afteご the 土nlt土alexeごCIse，－1asts foご One O工 tWO

days and then 9●ごadually subsldes ⊥n a week． OtheT kj＿nds of

muscle paln，Wh⊥ch can also ごeSult fTOm eXerCIse，SuCh as

muscle stごaln oごtear．46）aTe nOtlncludedln DOMS．



b．D土ffeごenCeS 土n muscle contごaCt⊥on type

Durln9■ dynamlc exeごCIse，muSCles contTaCtln one of

the two ways；e土theT COnCentご1cally oご eCCent工1cally． Many

Stu．d土es have 土nd土cated that any foごm Of exeごC土se wh土ch 土nv01ves

eccentご土c contTaCt土ons，SuCh as when descendln9 Sta土工S，ごunn⊥n9

downh土110flowe工■1n9 a We19ht，reSultsln moごe Substantlal

DO出S thando coごごeSPOndln9COnCentご1c contごaCtlons・7）58）69）

DuT土n9 eCCentご土c contごaCt土on the ener9y eXPend土tuTe Of

9enerati．n9 a 9■1Ven tenSlon 土sloweエー．pTObably because feweご

motoごunlts aごe aCtlvated topeごfoごmthe same amountofwoごk．49）

でheごefo工：e，土n eccentご⊥c contごaCt土ons the tenslon exerted per

CTOSS－SeCt土onalaごea Of muscle ⊥s supposed to belaT9er．

Wh土ch could cause stごuCtuごaldama9■e 土n the muscles．
36）38）

C．Tごeatment

AごmStごOn95〉andHou9h31）stated that exerc土s土n9the soTe

muscle may be the most effect土ve way of reduc土n9 the soごeneSS，

even thou9h the soTeneSS TeturnSlf the exeごCIsels stopped．

工t ⊥s doubtfulthat cごeamS COntaln土n9menth01．sallcylate，○ご

antト土nflamato∫y dTu9■S Peご Se aごe effect⊥veln ごeducln9■

musculaごSOごeneSS．5）39）But the sensat土on ofwaごmthlmpaごted

by medlcat土on，○ご Stlmulat土on of massa9■e．土s thou管ht to be

helpfullnごeduc土n9DOHS・24）Appl⊥cat土onof c01dls aqu土te

COmmOn method to ごeduce paj＿n．but the efflcacy oflce massa9e

aloneon－DO出S has notbeen suppoごtedbyYackzanetal・75）

ワhe pごeVent土on of DOMSIs thou9ht to be much eas土eご

than the tごeatment．10）Graded exeごC土se土ntenslty′PごeV土ous

tごalnln9・′IIwaごm－uPIIand ‖c001－down‖ befoTe and afteご eXeごCIse

COuld help to mlnlmlze DOMS．



2）Hypotheses about mechanj＿SmS Of DOMS

工n conslde工・土n9muSCle dlscomfoごtln athletes，f土ndln9S

土n vaご10uS dlsease states pTOVlde somelnsj＿9ht． 工n path01091C

COndlt土ons，muSCle paln 土s assoc土ated w土th falluごe Of muscle

e、neご9y．56）Adeplet土onofmuscle eneT9y andTeSultan七1schem土c

necrosIs ofmuscle flbeごSmayCauSelnflammatoごyCha叩eS′6）26）’

28）62）swellln90fmuscles．9）69）edema．11〉Teleaseof
some

chem⊥calsubstances．73）allofwhlch could bel土nked to soごe－

ness sensat土on． Soreness f0110W土n9 SeVeごe aCt土vlty may have

S土mllaご meChanlsms 土n some cases．
43）

At the pごeSent t土me，Pごedomlnant explanat土ons foご

POSS土ble cause of DOMS could be class土f土ed as f0110WS：

（a）StごuCtuTaldama9e Of muscle flbe工■S Pe工● se

〈b）Dama9e tO COnneCt土ve t⊥ssue wlth土n muscles

（c）Muscle spasms

（d）Metab01土c waste pTOduct accumulat土on

As noted eaTl土eご〈cf．1）－b〉′ the fact，that eccentご土c

COntごaCt土ons aごe mOStlj＿kely to ごeSult 土n DO出S makeslt plausト

ble that an eccentご1c component of dynam土c woごk，SuCh as

土ncごeaSed tensj－On′ Plays anlmpoごtant r01eln caus土n9 the

StruCtuごal・Cha！19－eS eltheご1n the mlヱSCle flbeTS Pe工・se a畠d／oT

ln the connect土ve tlssue element ln the muscle．

＝twas flrsthypothesIzedbyHou9h′31〉thatm土cごOSCOPIc

ごuPtuごeS Or tea∫S ln the muscle f⊥beごS Were CauSatlve factoごS

fo工■ soTeneSS． Recently some expeTlmentalev土dences have been

Obta⊥ned of cons土deごable dama9e tO the muscle flbeごS themselves．



wh土ch have peごfoごmed eccentご土c woごk．4）7）2ト23）F工Om the

Observat⊥ons of muscle blops土es w土th electTOn mlc工OSCOPe′ they

have demonst∫ated that broadenln9．St∫eam土n9 and occaslonaltotal

dエsruptlom of Z－bands occuTS エn some f土be∫S． These we工・e mOごe

appa工、ent 2－3days afteごeXeごC土se′ When the
sub〕ects weごe Suffeご1n9・

fてOm DOMS．21）23）

工n1977Abごahaml）⊥nduced so∫eneSSlnllsubjects and

exam土ned the three dlffeTen七 hypothes土s くa），くb〉and（c〉

mentloned above． He used f‡ydご○ⅩyPl：011ne／creat土nlneく0王子P／C工う

土n uT土ne as a ma工－keご tO aSSeSS COnneCt土ve t土ssue dama9■e．the

PごeSenCe Of my0910b土nu工1a for assessln9muSCle f土be工－ tごauma，

and su工Iface electごOmy09■ごamS tO eValuate the muscle spasm．

H土s expeご1ments suppo工t the opln土on that DOMS 土s mostllkely

CO∫Telated to dls∫uPt土on of the connecti．ve ti．ssue elements

located pa∫allelto muscle f土bers and／○ご1n
the tendons at

the end of the muscle f土beごS． But qulte ごeCently，COnfl土ct－

1n9■ data has also been pごeSented at the ACS出〈Ameごユcan C011e9－e

Of SpoごtS Med土c土ne）33Td AnnualMeetln9．
30）

Based upon the obseTVat土on of a 9ごeateT 工eSt土n9■ EMG－

actlv土ty 土n soごe muSCles thanln that of contご01s．a qu土te

dj＿ffeごent meChan土sm foT DOmS has pごeSented by De Vご1es．
16〉

鮎s Spasmlフheory 9－OeS OIias f0110WS：ExeTC土se p工OmOteS

土schem⊥a wh土chleads to the accumulatlon of some pa工■t土culaT

Pa土n substance（P－Substance）that stlmulates 土n the paln neTVe

endエn9S W土th土n the muscle．Then the pa⊥n sensat⊥on causes

mo工・e Teflex spasms wh土chlnduce moTelschemla．and the entj＿re

CyCle 土s ∫ePeated． As ev土dence df h土s theoごy′ he has shown

tha七 stTetCb土n9・a SO工・e muSCle ごedu∈；eS DOMS′ althou9二h anotheご



工eSeaごCheで42）found no benef土t fごOm thls foごm Of exeごCIse．

工n thel土teTatuごe，COntごad土ctoTy ごeSults are ごePOTted about

theごeSt土n9E出Glevelof soごemuSCles．1）9）35〉49）

Metab01土c waste pごOducts are undoubtedly the most

populaごand tごad土t土onalldea of the cause of DO出S．5）28）

Howeveご．theごe j＿S COnS⊥deごable expeご土mentalev土dence a9alnst

th⊥s hypothes土s．10）FoごeXamPle′Schwane etal．58）n坤○ごted

that 土nstead of lowe∫ metabol⊥c cost and less lactlc ac⊥d

PごOductl一On aS COmPared w土th concentご土c cont工aCti．0n，eCCentご1c

、COntraCt土on ごeSulted 土n moどe SeVreご－DOMS． He also ment土oned that

lactlc acj＿d concentごatlons ln muscle and bl00d ごetuTn tO ごeSt一

土n9■1evelwlth土n an houご；thatlslon9 befoごe the onset of

SOTeneSS SenSat土on． Consequently he concluded thatlactlc

ac土d was－nOt d土どeCtly Telated to the DOMS．

3）工ncごeaSe 土n seごum CⅨ act土☆よ七y f0110W⊥n9 eXe∫C土se

NumeごOuS Studles have ごePOごted 土ncごeaSeS j＿n Serum CK

levels f0110W土n9eXeTC土se．15）18）27）53）61）Manyof them

demonstごated that the effects of exercj＿Se On Serum enZyme may

peごSIstoveごSeVeraldays・8）37）41）64〉 A s19nlflcantly

h土9■heご1evelof CX was also foundln athletes，W土th contlnued

phys土calactlvltles．29）45〉r55〉 Due to thedla9nOSt⊥clmpor－

tance 土n vaご土ous types of d土sease，Seごum enZyme aCt土Ⅴ土ty has

been stud土edlntenslvely by many woTkers duご1n9● ごeCent yeaごS．

3〉 66〉
But the mechan土sm of enzyme Telease fごOm Cellto the

bl00d ごemalns obscuTe．



出ayeretal．41）suq9eSted thatcellula∫1njuごyW土th

Subsequent chan9eln membごane Peごmeablllty would cause a

mechanlcald⊥sごuPtlon of the f土beご and pごOmOte CX release・

仙omson－et al．70）have repoごted thatlntごaCellularlevels of

ATP mus七depleted befoごe the release of 土ntごaCelluaご enZymeS

Wlll occu∫．

でhe f0110Wlnq facto工・S have been thou9■ht to be ごelated

to exeごCIse－1nduced CⅨ efflux：Chan9e 土n membTane Peごmeab⊥1土ty′

27）52〉mechan土caldlsご叩t土onof
themuscle cell′8）33〉57）

musclehypoxla′15）68）depletlonofmuscleeneご9y SOurCeS・32）70〉

These facto工S have an add土tlve effect．so that when allof

them a∫e affectln9 SyneT9土st⊥cally′ they may account foご the

totalenzyme ごelease．

About the t土me couごSe and the ma9nltude of chan9－eS 土n

CK act土Ⅴ⊥ty f0110W⊥n9 eXeごC土se．the∫e 土s much contご○VeTSyln

thellteごatuごe．29）52）59）64）72）The dlsa9ごeementSmuStbe

the ごeSult of such factoごS aS the 土nvest土9atOrS uSln9■ e⊥theご

tごa⊥ned o∫ untごa土ned，male o工・female subjects′ aPPlyln910n9

0工・shoごt．haごd oT m土1d exeごC土ses，and f0110W⊥n9 a Short－te∫m

○ご alon9－term COuごSe．
37）

4）Relatlonsh⊥p between post－eXeごCIse serum CK actj＿Ⅴ土ty and

ma9n土tude of DOmS

As has been stated prev土ously．both DOMS andlncごeaSeS

ln the actlv土tles of 土ntごamuSCulaご enZymeSln the bl00d aTe

土nduced by physIcalacti．Ⅴ土ty． ℡hese occuご工enCeS have been



10

1nterpてeted to be ev土dence of some so工七 of muscula工■ dama9e

f0110Wヱ．n9● eXeごC土se． でhus a comon cause－and－effect ∫elatlon－

1

Shlp ⊥s jJna9■1nable between DOM．S and CⅨ elevat⊥on．

schwane etal・57）compaごedDOMS aれdplasma－CKandLDH

act土Ⅴ土t土es afteご downhlll∫unnln官Wlth those oflevel工unn土n9．

Thej＿ご ごeSults showed that ごunnln9 down an 土ncl土ne．du工1n9■

Wh土ch muscles perfoごmed 妄）ご1maご土1y eccentご1c contごaCtions，

CauSed 寧trOn9■er DO粥S and maごke卓土ncごeaSeSln plasma CK actlvlty．

FuごtheTmOごe Chan9eS 土n plasma CX act土Ⅴ土ty
wefe Closely assoc土－

ated wl七h muscl畠 so∫eneSS 工・at土n9・S・ でhey su99eSted that

StごuCtuTalchan9eSln muscle tlssue weごe ごeSPOnSlble foT both

events．．

で11dus and工anuzz071）ex郷土ned the effects o－flnt印Sユty

and duTat土on of exeごC土se on seエーum enZyme aCt土vltj＿eS and DO出S

by means of dynamlcle9‘－eXtenS土on． でhelご reSults 土ndlcated

thatlntenslty of exe∫C⊥se ⊥s of 9■ごeater 土mportanceln causln9・

both chan9■eS than the duごatlon． Mo∫eOVeご they found a ごela－

t土onsh土p between woごk peTfoTmed，POSt－eXeごC土se seごum CX act土Ⅴ－

1ty．and ma9n土tude of soTeneSS SenSt⊥on 土n untごa土ned ⊥nd土vldu－

als．

5）Tごalnln9 effects

A number of authors have shown that both DOMS and seごum

enzymelncごeaSe ⊥nごeSPOnSe tO 占ⅩeごC土se aごeless marked 土n

tごalned subjects than⊥nun比a土ned．10）14）19）33）53）

HunteT andC∫1tz，32）who stud⊥ed the effectof tごa⊥n土n90n
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Plasma enzymelevels 土n man．su99eS七ed that tごalned skeletal

muscle has an 土ncごeaSed ava土1ab⊥1土ty of AでP．whlch may bette工、

ma土ntaln thelnte9ご1ty of the cellmembごanCe duご1n9■WOrk andJ

thus ごeduce enzyme efflux． FoT a 91Ven WOごkload，Phys土cally

f⊥t 土nd⊥Ⅴ土duals dlsplay a smalleT POSteXe∫C土se 土ncTeaSe．

NuttallandJones52〉su9qeStedthatthe enzymeごeSPOnSe tO a

91Ven amOunt Of exeごCIse m19ht be usefulas a b土ochemlcal

est土mate of phys土calfltness．

Req■aごd土n9 the tごalnln9－ effect on DOMS．1t has been

recently su9■9eSted that th土s eff土cacy appea工■s to be h上官hly

SPeC⊥f⊥c．not only foT the paごtlculaごmuSCles used，but foご

the typeof contごaCt土ons・5）60〉 仙us′theDOMS thatTeSult

fTOm eCCentご1c exeごC土se can only be mod土fled by t工■a土nln9■，

Whlch employs eccentご土c contごaCtj＿OnS．



Chapte工一 工工工

MEでHOD

1）Subjects

でwelve healthy male v01unteeごS Paごt土cIPa七ed as subjects

ln th土s study． でhey weごe a9ed between19 and 24 yeaTS．Well－

COndltユoned unエveご・S土ty and9■raduate students エn phys⊥cal

educat土on． Althou9h some of them weごe On a ごOut土ne tra土n⊥n9■

PT09■ごam．nO Subject had exerc土sed for 24 hou工■S befoごe the

expe工■⊥ment day． None en9a9edln any ごe9ula工・aCt土Ⅴ土t土es

lnv01vln9 the土ご1e9Sln eccentご1c contごaCt土ons． 工nfoごmed

COnSent WaS Obtaエned fごOm allsubjects． The土ご ChaごaCteTIstエcs

aごe Summmaど土zed ln でable l．

2）Bl00d Analys丑s

Bl00d samples weごe taken fごOm the antecubltalve⊥n

⊥med土ately befoTe and afteご eXeごC土se，then afteご at 土nteごVals

Of 5′24．48 houごS． Some samples of whole bl00d weごe uSed foご

Wh土te bl00d cell〈ごeffeごed as WBCノ′ユn the f0110Wln官）count

deteごn土natlon t0 0bseごVe the pごeSenCe Of エnflammat土on． でhe

ごemキュndeごWeごe 七hen centご1fu9■ed at 3000ごPm t0 0bta⊥n bl00d seごa・

でhe ごeSult土nq・Seごa We工・e ごefご19eごated unt土1allthe spec土mens

fごOm an 土ndlvldual oveT the 48 hou工S had bee汀 C011ected．Undeご

these cond土t土ons′ the CK actlv土ty 土n the土ご Sera WaS Stable foT

atleas七oneweek．25）でomユn土m⊥ze analyt土calvaごエat⊥on′they

Weごe aSSayed on one occas土on・

TotalWBC conunts weごe deteごmlned us土n9■ a Sysmex CC－150

〈℃00a Med土calElectごOn土c Co．．Ltd．）．Totalact土Ⅴ土七土es of seごum CX
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Weごe meaSuごed spectごOPhomometT土cally by means of 工ATOS王：ワ CPⅨ－

s k⊥ts，Wh土。happlle丘theNADPHmeth。d34）descr土bedbyR。Salk⊥ラ4）

CⅨact土Ⅴ土tywasごePOごtedln 工．U．／1く工nternatlonalUn⊥ts〉 at 250c，

土．e．，mlcrom01es of substTate COnVeごted peごm⊥nute peTlOOO ml

Of serum．

3）出uscle soごeneSS eValuatlon

工n the pごeSent Study，DOMS was cons土deTed as a d土st土nct

syndごOmeaS descご1bedbyATmStごOn95）（cf・Chap・＝工′1卜a・）・

PeごCelved muscular soごeneSS WaS quantlfled us土n9■ the technlque

descご土bedbyでala969〉（F土9uごelト Subjectswere asked to com－

Plete thls muscle soごeneSS queStlonnalごe befoごe takln9■ eaCh

bl00d sa．mple． SoごeneSS ごat土n9S WeTe Obta土ned f工■Om dj＿ffeごent

Sltes of eachleq・． The sj＿teSlncluded on the questlonnalre

Weごe the 91uteal．quad工一土ceps．hamst工■土n9S，ante∫エ○ご1e9′ and

POSte土土○ご1e9． Add土t⊥onaly，they weごelnstごuCted to ch00Se at

most 3 soごe Te910nS throu9hout the expeご1mentalpeご10d uslnq■

a 土11ustごatlon pTlnted on the questlonnalTeくFl管u工■e 2）・

4〉 ExeTC土se－Protoc01

工n sess土on 工．each subjest peごfoTmed the HaごVaごd Step

でest．whlchhas beendescTlbedbyBごOuCh12）to estlmate the

9eneTalphys土calfltnesslevel． でhls test cons土sts 土n hav土n9●

the subject step up and down a 201nch（ca．51cm）platfoごm 30

t⊥mes／m土n foご 5 mlnutes． The pulse 土s counted fごOmlt01・5，

2 t0 2．5，and 3 t0 3．5 mj＿nuteS after the work stops． でhe f土t－

nesslndex（ごeffeごed as F．工．1n the f0110W土n9）1s obta土ned

accoごd土n9 tO a foTmula くF土すuごe 3）．
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AfterlO m土nutes ごeSt，uS⊥n9 the same platfoごm，the

ma⊥n exe∫C⊥se 〈ses－Slon 工工）was caごご土ed out． 工t was expected

that thj＿S WOuld ごeSult 土n DO出S． でhe subjects weごe 土nstructed

to use onele9■ tO SteP uP，the otheご tO SteP down thごOu9hout the

40 mlnutes of exeごC土se．so that the muscle of onele9 WaS

used ma土nly concentご1cally，Whlle the otheごWaS uSed malnly

eccent∫1cally． 工n sesslon 工工．the steppln9 frequency was

slowed down－t015－tlmes／mlnりWhj＿Ch was deteごm土ned by a metTOr

nOme．

Bes土des thls．0ne Subject．who was not 土nv01ved 土n the

expeご1ment above，PaごtlcIPated 土n the tごa⊥nj－n9■ eXPeご1ment t0

0bserve the tごaln土n9 effects． でhe step－eXerC土se was ∫ePeated

☆

duご1n9 a 4 weeks tra⊥nln9■ Peご土od wi．thloweご 土ntens土ty，but

⊥n the same manne工． Exactly the same exercIse（sesslon 工．工工）

Weごe done befoごe and afteご tralnln9．and values of CK actlv土ty

and muscle soTeneSS Weごe COmPaごed each otheご．

5）Stat土stlcalanalysj＿S

The で－teSt WaS uSed to descご土be the dlffe工・enCeS 土n

bl00d paごameteごS． PeaごSOn－s p工・Oduct moment coeff土c土ent of

coごTelat土on weごe Calculated to dlscuss assoclat土ons between

SOTeneSS rat土on9■S and seごum CK act土Ⅴ土tles 土n th⊥s study．

☆ Because of the stごOn9muSCle soreness at the be9－1nn土n9．

and need of rest befoごe the second expeご1ment．the tごaj＿nln9

WaS Ca㌃r土ed outl汀e9■ulaご1y 7 tlmes du∫土n9 th土s peご10d・
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Chapteご 工V

RESUムでS

1）Muscle soreness

で土me couごSe Of chan9eln the de9■ごeeS Of so∫eneSS

SenSatj．0n and the seごum CK actlv⊥ty aTe Sh（）Wnln Tabele 2．

and F土9■uTe 4‥ Total土nc土dences of muscle soごeneSS WeTe

Obta土ned by summ土n9■ the scoごeS at eVe工－y Slte of bothle9■S．

Muscle soTeneSS WaS Pごedomlnantly expeご1enced 土n those

muscles that had woてked eccentご1cally．that was the calf of

the descendln9■1e9】1n thls expeご土ment（F19■u工－e 5）． 工ncldence

Of soごeneSSln d土ffeごent でe9▲10nS Ofloweご11mbs 土s shownln

F⊥9uごe 2． Althou9h the de9Tee Of the soreness was veごy ‾

Vaご1able，1ts peak occuごごed at 24 hours afteT eXeごCIseln all

Subjects except one（でable 3）． At 48 houごS，6 0也t of12

Subjects showed a tendency for the soTeneSS tO decl土ne′ the

OtheごS－‾ごemaj＿ned unchan9ed．When compaごed wlth those of ⊥medlT

ately afteご eXeごCIse，SOごeneSS てat土m管S WeTe h⊥9heT at 24－48

houごS and the delayed onset of so工■eneSS SenSatlon was clearly

ObseごVed 土n most cases．

2）Whlte bl00d cell

Chan9eS 土n totalWBC counts aごe Shownln Table 4．

As fa工・aS de七ermined by chan9e ⊥n th工－ee subjects．no s19n⊥f土dノant

で壷ses weTe ObseごVed at any tlme f0110Wln9■ eXerC土se・
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3）Seごum CX act土Ⅴ土ty

SeTum CX 畠ct土vlt土es have 工・eaChedlts hj＿9hestlevel

between 5 and 24 houごS afteご eXeごC土se and they tended to decllne

by 48 hours 土n most 土nd⊥vlduals． Butln some cases CK act土Ⅴ⊥ty

Tema土ned elevated even at the end of dete∫m土natlon． Compaごed

W⊥th pごe－eXerCIselevel，meanlncTeaSe＼Of CK act土Ⅴ土t土es was

Statlst土cally sユ9n⊥flcant at each sampl土n9● 七1me except 48 houごS

POSt－eXeごC⊥se（pく0．01at Oh．5h；Pく0．001at 24h）（Table 2）．

でheごe WaS a Var土atj＿On between sub〕ects 土n the土r mean

Per CentlncごeaSe Of CX actlv土ty，Wh⊥ch was not exactly ごelated

t0 9eneごalcardlovasculaご fltness，1nd土cated by F．工．土n th⊥s

Study 〈F⊥9u∫e 6）． CorTelat⊥on between mean peご Cent 土ncTeaSe

Of seごum CK act土Ⅴ⊥ty and F．工．was ご＝－0．19（N．S．〉． The coご∫e－

SPOndlnqIValues aごe PTeSentedln Table 5． Thelndex ごan9■ed

fごOm 79．8 t0134，W土th a mean oflOl． When jud9■土n9by method

ofBTOuCh．12）thlsmeanvaluelsごankedas・・excellent‖くF土9uごe3）．

4）Muscl．e soごeneSS and seごum CK corTelatlon

The ごelat土onsh土ps between seTum CK act⊥Ⅴ土ty and muscle

SOごeneSS after exeごC⊥se aごe Shown ⊥n F土管uごe 7． Because of the

d⊥ffeでenCeS 土n basellne CK values amon9 Subjects′ CX values

aごe also ∫ePOごted as a pe∫ Centlnc工・eaSe tO basellnelevels

（F土9uごe 8）． 工n both cases．no s19nlflcant ごelat⊥onsh土p could

be seen between DOMS and CK act土Ⅴ土ty． Only one s19n土f土dlant

COTごela七10n WaS Observed between deqTee Of soreness at 24 houごS

and seごum CX actlvlty at 5 houごS
POSt－eXeごCIse（pく0．05）くF19・uごe

9〉．



17

A case of one
subject who has accompl土shed the tra土n土n9■

SeSSlonls presented 土n Flq■u∫elO． Chan9■eSln seごum CK act土Ⅴト

ty weごe m土n土maland s土mllaT at the two tlme p01nts・ But the

土ncごeaSeln soTeneSS ごat土n9S has been consldeごably dlm土n土shed

afteご tごa土n土n9．



Chapteご V

D工SCUSS工ON

1）Muscle soごeneSS

The result，that 土nc土dences of delayed muscle soreness

Were b19・hest at 24 houTS afteご eXeごCIse．土s veごy COnSIstent

wlth ea出土eごObservatlons aboutDOMS．42）58）仙epeごCePt土onof

the寧由veごe訂 SOごeneSS 土n descendln9－1e9may Su9■9eSt that呼uCh

dama9e WaS aSSOClated w土th eccentご土c type of muscle contract土on

COmPaTed wlth concent工・土c・ Thls tendency has alTeady demonstごat－

edbyotheごS．4）23）工n th⊥swoTk土tls土mposs⊥ble to assess

Whether 七he soごe muSCles aTe ごeSPOnS土ble foT the enzyme ごelease，

because CK actlvlty has been measuごed onlyln the 9■eneごalc土ごCu－

1at土on．so 土t can not 91Ve any P工■eC土selnfoごmatlon aboutlts

oご191n．67）Howeveご′COnSldeご⊥n9that therewas some ev土dence

Of morph0109■1Calchan9■e afteご eCCentご1c exeごC土se f0110Wed by

lntごamuS。ulaごenZyme
effluxヲ2）1t

seems tobeごeaSOnable to expect

that the exeごCIseln the pTeSent Study m土管ht－CauSe SlmllaT

Chan9eS 土n muscle tlssue of the descend土n9■1e9．

工n thls study．thelocatlon of the most affected muscle

WaS the calf of the descendj＿n9■1e9． でh土sIs qu土te dlffeTent

fごOmtheごeSults repoごtedbyNewhametal．，5P）who used the

S土m土1aご eXerCIse to study 土sotope uptakeln soごe muSCles． 工n

the土ご eXPeTlment muscle d土scomfoごt developedln the quadご1ceps．

91utealand adductoT muSCles of the descend土n9■1e9■ andln the

COntごalateTalcalf muscles 土n the f0110Wln9 24 houTS． でhls

dlsa9■ごeemant．工 七hlnki 土s pご1maご11y due to a sl19■ht
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dlffeごenCeln the way ⊥n whlch subjects stepped up and down the

PlatfoTm durln9 the expeご1ment． Such a d土ffeごenCe COuld be a

COntrlbutln9 factoごWhen the exeごC⊥se was demand土n9 and pご010n9－

ed．

The exact locat土on of soごeneSS Is documented ln l土teごatuごe

as be土n91dcal⊥zedln themuscle－tendon］unCt土on．7）Newham et

al．48）su99eStedthat thls couldbeareflectlonof the fact

that populatlon of muscle paln ごeCePtOrS 土s 9ごeateSt 土n thls

ごe9■10n and 土n connect土ve tlsstle▲エn 七he muscle． They also ごe－

feごごed to unpubllshed anatomlcallnvest土9at土ons su9■9eStln9 that

the an9■1e between the muscle flbeごS and thel⊥ne of the tendon

aごe 9reateSt 土n these areas．so they could be moごe SuSCePt土ble

to mechan土cal tごauma．

Howeveご．1n ouT eXam土natlon the ごe910nS Of soごeneSS COuld

not be stated ceTtalnly． Host of the sub〕ects compla⊥ned of

9eneごallzed soreness 土n the ent土ごe muSCle aごea and not espec土al－

1yln the muscle－tendon junctlon 〈F土管u∫e 2）． でhe sensatj．0n Of

Slow and secondaごy Palnln skeletalmuscle．such as DOMS．⊥s

P工一土ma工－11y t工anSmltted by 9ごOuP 工ⅤくC〉affeごent flbeごS，Whlch aごe

belleved to caTTydull，dlffusepaln．5）73〉 仙uslt土s sometlmes

d土ff土cult to p01nt out the exactlocatl0 0f soreness．

工n thls study muscle so∫eneSS WaS eValuated sub〕ectlvely

us土n9themethoddescr土bedbyでala9・69）Accord⊥n91y fuごtheご

土nvest19at⊥on 土s necessaごy tO eXam⊥ne，tO any eXtent．the de9ごee

Of muscle dama9e ごeflected on the subject－s peTCePtlon of soreナ

ness． Some woTkeごS have used eltheご a PごObe f土Ⅹed to a stごa土n

9au9e50）○ごPalpat土onon the sklnl）39）to assess the soごeneSS．



20

でhe foTmeご teChnlque was only su土table foT SuPeTflclalmuscles′

asごeC09⊥n⊥zedbyNewhametal‥50〉 FごOmtheauthoご・s peTSOnal

expeご1ences．as wellas those of subjects，1t would seen that

Palpatlon may not be an adequate method to est土mate paln sensa－

t土on． 工n the pでeSent COndlt土ons′ because of extごemely complex

mechan土sms of paln，⊥t was not poss土ble to pTOV土de pe工－fect

assessment of soごeneSS SenSatlon ln dlffeごent ⊥nd土Ⅴ土dlユals．

2）Wh土te bl00d cell

でhe fact that no s19■nlf土cant chan9eS ⊥n totalWBC counts

Weごe Temaごked 土n thls study m19ht su99eSt that 土nflammatory

TeSPOnSe WaS nOt aSSOCltated wlth DOMS・ But the concluslons

ごema⊥n tentat土ve．because of smallsamplln9 SIze andlack of

COntご01s．

3）Seごum CK actlvlty

でhe extent of the CK TIse foundln th土s study 〈支＝153篭

Of 土ts p∫e－eXerC土selevel）⊥s smalleご and fasteご than has been

PごeVlouslyごePOごted f0110W土n9Va∫10uS tyPeS Of exeごC土se wh⊥ch

subsequentlycausemuscle soごeneSS・57）71）somelnvest19atOごS

have showedlar9edelayedご土ses33）47）缶箸b土phas⊥c chan9eS68）72）

Of CK ac七土vlty espec土ally 土n untTalned subjects． Thoselate

PhaselncTeaSeS have been cons土deごed as a ev土dence of moごe

seご⊥ous dama9e Of the tlssue．47）68）Butltwas not the case

Of thls study wlthln the 48 houごS t土me course f0110Wln9■・

Enzyme－elevat土oni＿n Seごum afteエー Ce工■taln amounts of woごk

WeTe known to be modeごatedln tごa土ned j＿ndlv土duals（cf．Cbap．工エ．5））．
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Althou9h they weエーe nOt aCCuStOmed to thls paTtlcula工 eXe工■C土se，

most of the・Subjectsln thls study weTe aCt土ve，Well－COnd土t土oned，

and atleast none of them could be desc工■1bed as a phys⊥cally

unf土t peごSOn． So 七hey m19ht be sufflclently tごa土ned to p∫eVent

SuCh an unusual⊥nc工・ease as men七10ned above．

Nonetheless′ nO S19nlf土cant cor∫elatlon 土s observed

between ⊥nd土Ⅴ⊥duals mean peご CentlncごeaSe Of CK act土vlty and

F．工．くF19uTe 6）．About thls p01nt，theごe has not been 9eneごal

a9Teement⊥n thelユteごatuごe．SchwaごtZ et al．59）ごePOごted that

lncTeaSe 土n enzyme act土Ⅴエt土es coご∫elated veごy POOrly wlth 9－en－

●

e工－alca工－d⊥○VaSCulaご COndlt⊥ons 工■ep工■eSented by VOヱ maX． TheTe－

foごe 土t 土s also conce土vable that tbe t工・alnln9 effects obseTVed

by othe工、S depended on closeご t工a土n土n9 foT the spec土flc contTaCt一

土1e actlv土ty Tatheご than on the 9eneごalf⊥tnesslevelmeasu工ed

土n thls study．

4〉 Muscle soreness and seごum CK corごelatlon

工t was the maln puTPOSe Of thls study to test ths hypothe－

SIs，that DOMS ごePTeSentS the de9■Tee Of muscle t土ssue damaq・e aS

lndlcated by seごum CK chan9・eS・F工Om the v土ewpo土nt of pごaCt土cal

use，1七was 土ntended to flnd out at flrst the ごelat土onsh土p be－

tween DOMS and serum CK act⊥vlty f0110W土n9 eXeTCIse・ Unfoごtu－

nately the flnd土n9・S9・eneごally tends to suppot the concept′ that

the coごごelat土on between both eventsIs to010W foT the pu∫POSe

Of p∫edlctab⊥1土ty．
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Examples of the thごee dlffe工ent tyPeS Of ごeSPOnSe aエーe

Shown 土n F19・uごell． 工n splte of s土m土1a工－ Chan9eS 土n se∫um CK．

qulte d土ffeごent tlme cou∫SeS Of soTeneSS Weごe Obse工・Ved・でh土s

d土screpancy can been seenln F19uごelO t00，Whlch d土splays the

t工・a土nln9 effect of one sub〕ect．
When the chan9eS 土n seTum CK

and DOMS aごe
Plotted a9alnst each otheご′10W COごごelatlon

can

been seen moTe Cleaご1y 〈F⊥9ure 7．8〉．

Cons土der土n9－ th土s ごelat土onsh土p，the βu9■9eSt土ons pごeSented

byotheごS59）68）mustbe taken土nto account土・e・′that⊥medlate

and delayed ごeSPOnSeS Of seごum enZymeS tO eXeごCIse are the

ごeSult of dlffeごent P∫OCeSSeS OCCu∫土n9 土n the oT9anS Of oご191n

Of the enzymes． TheごefoTe．the bl00d samples and the soreness

ごat土n9 土med土ately after exeごC土se．wh土ch can not Te9aごded as

DOMS．aごe eXCluded f工－Om the 工■esults．

Althou9■h one s19n土f土cant co汀elatlon ex土sted betweem CK

act土Ⅴ土ty at 5h and de9・Tee Of soreness at 24h post－eXeごCIse

（F土管u∫e 9）．the ma9n土tude of enzyme工、elease d土d not exactly

ごeflect the de9■工ee Of soreness sensatlon． 工n otheごWOごds．

muscle soごeneSS was not neCeSSaTl．1y accompan土ed．by release df

musculaご enZymeS．

でhls does not co土nclde w土th the f土nd土n9S Of Schwane et

al．57）andTlldus etal．，71）buta9TeeSW土thothers．13）14）51〉

who falled t0 0bseTVe
a CauSalごelat土onsh土p between them．

Althou9・h seTum CK has been w土dely used to quantlfy muscle dama9e′

Ku土pers et al．40）haveごeCently代POごted alowco汀elat土on
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between se∫um CK and amount of affected muscle v01ume エn ごatS．

でhese unexplaエned dlscごePanCles have also been d土scussed by

otheTS．14）Ⅳewham et al．50）s七ated that afteごユntenslve eccent∫エc

exe工－cエse seve∫alcban9■eS Can OCCu∫1n the muscle． Examples ⊥n－

Clude；development of soごeneSS′ dlsごuPt⊥on of myof土bご土11aご aごChト

tectuごe，and chan9■eS 土n membごane Peごmeab土11ty that 畠110WS muSCle

enzyme efflux． でhelT WOTk showed that those chan9eS COuld occuご

土ndependently，SO that the so工・eness was not a Tellablelndlcatoご

Of muscle dama9■e．

Accordln9■1y 土t 土s poss土ble that the h土管h co汀elatlon

between chan9■eln serum CK actlv土ty and chan9■eln de9・ごee Of

SOTeneSS SenSa七10n has been acc土dentaly obseTVed 土n unt∫a⊥ned

Subjects．who could be moごe SuSCePtlble to phys土0109■1Calde－

mand of exe工－C土se． And the fallu工■e tO flnd the s19’n土fj＿Cant

Telatユ．0nSh土p 土n th土s study m土9ht depend on the smalleT and

fasteご 土ncTeaSe Of CK act土vltyln ouT ごelatlvely actlve．youn9－

Subjec七s．

Althou9h temporary．DOMS a∫e known to accompany the ごe－

duct土on of musculaご St∫en9■th and peごfo工■mance．
23）38）49〉 69）

Hou9h31）su99eSted thatmuscule stren9thmaybedecごeaSedboth

f工●Om ごeduced v01untaTy effoごt due to the sensatj．on of soTeneSS

ltself and fTOm theloweごedlnheTent ab土1j＿ty Of the muscle to

PごOduce foエーCe． でhus′ When muscle d土scomfoごt eX土sts．土t may

COntTlbu●ヒe t010SS Oflnte工－estln contlnu土n9 eXe工・CIse and the

OCCuTenCe Of 土n〕uTyln the wo∫St CaSe．
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Yet the essentlal meanln9 0f DOMS 土s not clear． 工t

TeP工■eSentS the’’○Veご－uSed■’state of muscle to a ceごta土n extent・

Usually，the sensatlon of paln 土s thou9ht to have a funct土on

to pTOteCt the oご9an fごOm PermanentlmpalTment． But 土n the

CaSe Of DO出S，eXerC土s土n9■ the soごe muSClels thou9ht to be effec－

t土ve to ごeduce the sore sensat⊥on（cf．Chap，工工．1〉）． FごOm the

ごeVlewbyAごmStごOn9，5）はcanbe seen thatthe endo叩h土n secTe－

t土on enha．nced by exeごC土se m19ht play a ∫01e 土n mlnlm土z土n9 the

SOごeneSS SenSatj＿On duご1n9 eXeTCIse． On the one handlt can be

●

土nte∫Pごeted that the sensat土on of DO出SIs stllla s19■nalto

PごOteCt muSCle f工■Om Seご土ous dama9▲e，and that soごeneSS muSCle

ごequ土ごeS ごeSt． But on the othe工 hand．0ne muSt COntlnue to

tごa土n unt土1the muscle becomes sufflclently condltloned t0 9et

h土9heご Stごen9th． Such a dllema oご dlfflcultyln muscle con－

dlt土onln9 土s expeご1enced not onlyln athlet土c tra土nln9● but

also 土n the pごOCeSS Of ごehab土11talon．

Althou9■h most athletes have thelご OWn meaSuごeS tO jud9■e

the土r phys土calcondlt土ons．0bjectlve barometeごS a工－elackln9 tO

PごeVent OVe工・t工・a土nln9－ and 91Ve them pTOPe工● adv土ce． CK efflux

土n th土s study was only a p00ご 土ndlcato工■ Of DO出S．whlch has been

thou9ht to be 土nduced by muscle dama9e． Butln company w土th

Othe工・Pa工・amete工・S′ Seごum CK value j＿S Stlllexpected to be a

useful⊥ndex 土n assess土n9muSCle cond土t土on．

ェt theごefoTe ごemalns of 9ごeatlnte工・eSt tO uS tO know the morpho－

109・1Calchan9・eS 土n human muscles when they show h土9hlevels of

CK ⊥n seごa．
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Because of the TeSt工・土cted TeSults of the woごk，fu∫theご

d土scuss土onls beyond the scope of th土s papeご． Addltlonaldata

⊥s necessa∫y tO dete工・mlne whetheT the post－eXeごC土se muscle

SOごeneSS，muSCl色 tlssue dama9e′ and CK efflux aごelnevltably

l土nked．

ワh土s study su99eSted that 土nc工■eases 土n se工um CK actlv土ty

after exeごCi．se m19●htlnd土cate muscle dama9e ⊥n some cases′ but

that 土t 土s not a Tel土able 土ndex of DOmS． Th⊥s 土s ma⊥nly due

to the multlple facto工■S 土nv01ved 土n enzyme efflux and the soごe－

ness sensatlon ln humans．



ChapteT V工

CO封CI」US工ON

Af七er 45 m土nutes－ steppln9● eXerC土se us土n912 welユー

COnd土tloned younq■male subjects，delayed－OnSet muSCulaT SOごeneSS

（DOMS）1n eccentご土cally wo∫ked muscles．and elevatlon of seTum

Cごeat土ne klnase 〈CX〉 actlvlty wlth
a mean of153篭 to pごe－eXeごCIse

levelweごe ObseごVed． When the CX act土Ⅴ⊥ty 土ncごeaSedln seTa′

SO∫eneSS ごatln9■ Showed a tendency to be h⊥9heご，but no s19nlf土cant

Telatlonsh土p could be establlshed between chan9■e 土n seごum CE

actlvlty and chan9■e 土n soごeneSS ごatln9．



Summaごy

The pごeSent Study 土ntended to test the hypothes⊥s that

the chan9eS ⊥n seTum CX actlv土ty afteご eXeごC⊥se ごelate to the

Chan9eln muscle soごeneSS． 工n addltlon to that，土t waslntend－

ed t0 0bseごVe thelocatlon and de9ree Of muscle soTeneSSln

dlffeごent tyPeS Of muscle contごaCtlon．and the tlme course of

Chan9■e 土n serum CK act土Ⅴ土ty．

Twelve youn9■．Well－COndlt⊥oned unlverslty and9Taduate

Students 土n physIcaleducatlon paTtlcIPated 土n 土he expeご1ment

as subjects．

工n exeごC土se－SeSSlon 工．they peTfoごmed the HaごVaごd Step

Testlnthe samemanneごaS descT⊥bedbyBTOuCh12）and the9en－

eごal由h彰S土calf土tnesslevelく⊥nd土cated
as F・工・）was estlmated

by the pulse counts f0110W⊥n9■ the woTk． Afteご10 mlnutes 工■eSt，

the sesslon 工工 was caごご土ed out， 土n whlch the subjects weTe

lnstructed to use onele9■ tO SteP uP，the otheご■ tO SteP down

thごOu9－hout 40 mlnutes of exe∫C土se peエー土od． でhe steppln9 f∫e－

quencヱes we∫e 30 t⊥mes／m土nln sess土on 工 and15 tlmes／m土nln

SeSSlon 工工． Percelved muscle so工eneSS and seTum CK act土Ⅴ土ty

Weごe meaSuごed at O，5，24，and 48 houごS afteT eXeごCIse and they

Weごe COmPaごed wlth pごe－eXerC土selevel．

Total whlte bl00d cell counts weごe deteごm土ned ln thごee

Of the
subjects and add土t土onalone subject con七土nued tごa⊥nln9■

to become accustomed to the steppln9■ eXeTC土se．

でhe f0110W土n9 ごeSults weごe Obtalned：
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1）Muscle soごeneSS WaS nOtably expeご1encedln the calf of

descendj－n91e9一，Whlch was used malnly eccentTIcally．

2）Thelncldence of soごeneSS WaS h土9■hest at 24H after exeごCIse．

3）As compa∫ed wlth pごe－eXeごC土selevel．no s⊥9nlflcant chan9eS

ln totalwhlte bl00d cellcounts were obseどVed at any t土me

f0110Wln9 eXeごCIse．

4）MeanlncごeaSe Of CⅨ act土vltles was stat土st土cally s土9・n土f土cant

at each samplln9 tlme except 48H post－eXeTCIse．

5）The h19hestlevelof CⅨ actlv土tles weごe ObseごVed between

5－24H afte∫ eXeごCIse．

6）Co汀elat土on between mean peご CentlncTeaSeln CⅨact土vlty

and Fltness 工ndex was not statlst土cally slq・nlfj＿Cant．

7）Afteご tごalnln9 土n one sub〕ect，the 土ncごeaSeln soごeneSS WaS

COnS土d－e工■ably dem土nlshed′ but the 土ncごeaSeln CE act土Ⅴ土ty dld

not chan9e SO muCh．

8）No s土管n土f土cant coごrelat土on was obse∫Ved between the de9∫ee

Of so工●eneSS SenSat⊥on and seごum C王く act土vlty，When the 2

Values at same post－eXeごCIse t土me weごe Plotted each otheご．

9）5篭1evelof s19n土f土cant relat土onsh土p could be obseごVed

between se工－um CK actlvlty at 5Ⅰまand de9ごee Of muscle soごeneSS

at 24IIpost－eXeごCIse．

でhe f土nd土n9S q■eneごally su99eSt that the chanすeln serum CE

actlvlty afteで eXerC⊥se was only a p00ご1ndlcatoご Of delayed－

OnSet muSCulaご SOごeneSS．
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●

●

ュ

⊥

2 173．7 64．7

5．9 3．6



でable2．Mean values of seTum CX act土Ⅴ土ty and soごeneSS ごat土n9■

thTOu9■hout the expeご土mentalpeご10d．

－Houエーs pOSt－eXeごCIse－

Condlt土on
Pごe－

eXerCISe
Oh 5h 24h 48h

★★ ★火 ★★☆

CK 70．9 101．9 107．0 116．8 82．1

〈工・U・／1）
＋25．7 ＋11．8 ＋39．6 ＋49．6 ＋32．2

DO出S 1．7 2．3

＋1．6 ＋2．2

5．9 5．5

＋4．1 ＋3．8

Values a工・e means＋SD・ S土管nlflcant d土ffeTenCe COmPared wユth
☆☆ ★☆★

Pre－eXeごC土selevel：Pく0．01 ′ Pく0．001 ．



でable 3． Values of seごum C王く act土Ⅴ土ty く工．U．／1），∫elat⊥ve 土nc工■eaSe Of CX く篭），

and SoごeneSS ごatユn9 くDO出S）

1）D．Y 2）T．S 3）H．H 4）S．S 5）Y．Y 6）T．工 7）Ⅹ．S 8）S．出 9）で．で 10）K．出 11）ワ．H 12〉K．N Ⅹ SD

r‾去Ⅹく工．吋1）82．4 81．3 69．4 37．2 86．9 62．8 119．4 90．9 29．8 88．8 47．7 54．7 70．9 25．7

●

gDO出S 0 0 0 0 0 0 0 0 0 0 0 0 0

山

＿CⅨ（宅）
10P lOO lOO lOO lOO lOO lOO lOO lOO lOO lOO lOO一ノ 100

■■■l一■■←■－■一■一－－一一■一｛▲一一■■■■】■■■

101．911．8lcx払。パ）114．5 97．3 208．9央 86．7 123．4 92．0 100．0 109．9 99．0 94．0 120・0☆ 77・5☆

喜DOMS 1 0 3 1 4 5 2 0 1．5 1 1．5 0 1．7 1．6

CX（篭） 139 120 301 朱 233 142
－146

84 121 332 106 252
★ 142 ★ 158．177．2

■■一■■■■■■■l■一一－■■－一－■■■■■■－●■llllll▲■■■■【

107．039．6
CXく工．U．／1） 148．4 135．4 112．5 91．4 111．4 167．2 128」5 121．6 53．6 291．6★ 53．3 54．0

宏DOMS 2 2 2 1 3 9 1 1 1．5 1．5 2 1．5 2．3 2．2

芸DOMS

180 167 162 246． 128 266 108 134 1∈壬0 328 ★ 112 99 162．0 54．7

147．7 115．2 78．9 79．0 154．5 15エ．5 163．6 179．3 51．7 169．2 50．1 61．4 116．8 49．6

7 10 7 2 6 15．5 2 3 3 9 3．5 3 5．9 4．1

CX（篭 〉 1‾79 142 114 212 ‾178 241 137 197 173 191 105 112 165．143．1

一■■一■■－－－一一－－■－●■－一－－－■■■

82．132．2

ェcxほ・Uノユ）
等DO粥S

148．8 72．7 54．0 113．5☆ 57．0 90．6 291．4★ 78．1 76，3 126．9 65．2 51．5

7 7 9 2 5 14 1．5 2．5 3 9 3．5 2 5．5 3．8

lcx（篭）
181 89 78 305 ☆ 66 144 244

★ 86 256 143 137 94 127．4 58．2

CⅨ く篭） Peご CentlncごeaSe fごOm Pごe－eXeTC土selevelく＝100）

DO出S

☆

でhe values weごe Q短七a主わed－by告慣熟1n官tbeぎCOT‾es at eveどy Sエtes

●

、

Hem01ysIs samples were not 土ncluded ⊥n Mean± SD



でable4．Chan9eSln totalwh土te bl00d cellcounts（WBC）

Pごe． O h 5 h 24h 48h

WBC（102／m3）Ⅹ

SD

47 52 58 5154

121814117

Values aごe Mean 士 SD （Ⅳ＝3）



でable5．F土tness 工ndex（F．工．）and

拙ean夢e工Cent 土nc∫eaSe Of seTum CX actlvlty

CK（篭）

Subject

⊥

2

3

4

5

6

7

8

9

0

⊥

2

⊥

⊥

⊥

F．工．

96．0

96．0

87．7

98．7

90．0

111．0

108．0

134．0

94．3

79．8

106．0

107．0

CKモ 篭）

0

0

4

0

9

qノ

0

5

3

7

8

2

7

3

6

3

2

9

⊥

3

0

4

⊥

人U

⊥

⊥

⊥

つム

⊥

ユ

⊥

⊥

2

⊥

⊥

⊥

－
Ⅹ
∽

100．7 153

13．9 41
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