
2r:m'|rnfi nntrllnndtisrlxr;

uiln?rilri?\il

unul
ourdadl: (Free radicats) fidruirri'tX

,J . a
l]',r L [nF]nl:tUd uuttuo,ttuTcquIunnl r! o

J 3-
nr U?lontJU'l! Lin!A n0 nnUtr0l,l (Chronic

Obstructive Pulmonary Disease: COpD)

ouNdanr![fl ui'1uiuri1n rfi rilrin,]n a1sd.r$1rl
le I

ln$n n1?!fl1oAAn{LAU (Hypoxia) nlTyt'l.t1u

?onlruufilunUAsy?LQA lfi d? (Respiratory and

Cardiac failure) :? N yt&,: nr:ocrlrlfin:ru
gJan:!mualnn'rroonfi 'ra-{nldurso-u61rfr ?rnfi

X,n'r:y{u1'{fl TTnnl rJu'tB (Rehabilitation
. A te,u ,program) lyi003tnu:uu53unnn150ann1a,l

ot
fl'1Ulfi n?1r tl1tJ1:d rJ ! a\r nun,t:Ifl tt0u rJ a

6 a:crir n r fi u'hl ttaydud3tau:rnR1],{ n?l

t!?|{ lt:{ tta rmum1ul0nl1n n1u to udl ultn
-,Juonl n1:tuduuuuantJU?utuou,t{0tatu0\:tldr

uaanRg
a.

L :rrn:r nr:f,luy'lar.r:rnnrnfiilr uI:n
, e3- ,uan0nn!ltoti utlnauo?B nl1a0nfl ,]n{n1u

.t .- v &q J-,, , Jtuud'tnf! flntl.ltrurmH ?unlanfig1tn:a,1

ilnto{oq{ a6 o:ssionrrilililynuliln1loonrirff{nruluI:nrJ oorqo #ur:^o Y.rI

Free Radicals and Exercise Tolerance in Chronic Obstructive

Pulmonarv Diseases : COPD

rTggnra 6ari.rrvffi *

flfi sa orYufi: duo.ro,n zrls

drufir ?.fl0 niatirlta-,:rdr rnia.0dr ufir ulo
" :'4[arn1d\:lltudnlfltlnnltl [nuunn1ufl.t u.tuFl

Yr.lLruu'rd?ut f!na rJ!?urJn't'tri11u111uu0Ll

(Exercise intoterance) frrld'eirl r at rj

ar ilr:nn uo'ldrn4a,:ri':unrflloy5o r6uld'hitn n

fi arrfi ornaruiloos urifiy{uiloa6a rfi oorn

rlrgmtroroial:&rn"'rX Li'uri oor yaanrdan

druilarsfi30ill'lofi rlrudtnrar o,:d'

t. ;cuunrrfir.lruza,:ri'r1ofrrumnr lcar-
. rt"a , Z 3 -otac latrure) tntJn'ny{ll?1t111'tuLlo n0 on1J tto:{

(copD) nsfinr?snrrr oiulafi oral aiurfiarrr
,J , A A A -

01n n1:tu6 du ttuawantu0 rfl an u !innd udc

fi aa or rda oilo sn1 riiuilo Fl

2. :cuunr:fir.:rtzar aodlrrnr lnes-
piratory failure) [fi oatna':rlunnio.rtu
n1:llantuauunl{:!fi11{n\:n n! l.l J}1d a o

rdandau

g. nr:ril a uu rril n,:r oln frr I rfi aur ulo
9XJ^ua!naltJt!aa'tuau6l Inno1nR11cn1:?1O

oanqlou fidr:au a6a:crfir{u tr oar:

. nrniirnrsRlnittio n rucrn ni a n r:[nn ti r: firirl ur a-g tis i'M
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o'tfi 1:ir rilu fi or rdolui'r':nr u ld'iu fl r fi ia nr:

uauulu 6l'isndrrirdaotfi nr:rildsuttila':

frr hifi n n-r ua c n a r u d'rl ri fr il : c? r -En 
1 fl

u o no. nd nm: u"n:ndau oir''r 1 loirrri !u'rll?'ru

ln r%i,: n5oor"uo-ntau r;fi rabinl1 lJytuytlu

'lunr:aanfiralntuaoar nu'ir :c8nGnrillu

n r :u or d'r ua s n at tL ri'rz o r n dr tr tdo mll n dr l rfo

rrdo nd'rr rdo n"domia n dr l rdaare dru

nranoral rdo':orn{rherfi nr:rldaurnla':ta.t

lundrrrdaoir,r 1 lrdrntru?unlrtrJotruofi dr

tarndrlrdo Iosronr;nr'trl6uuu n'rza':

:rn1r ar:fr rflu o u rua 6 d:rttn:nrr r ar rur:nlu

nr:oiruolra6a:cunv{io': dlfi nmlirn''ry

o ei r r 0,: oi a n'r r l r u n t u u': a ri o n t : fi r.: r u t o.l

r{nanal tuo

nl:nJoulJlnJo.tl,o{nal l 0

(Muscular alternation)

llb uas Type ttO/x lunrrrilnfi rroiactfiorfi

q ru a r db un :n-nuwr or n oir': ri'ulil oi"r d6 o

- Fiber type t lflutfirrron-rdr lstow

twitch) rluria [t:r frrfa u ua:ar rr:o dar fld']t
, losv -

oir,: 1 rfi a'hild'nii',:.:rulrruard'uoanirnu(Aerobic

pathway) lfluua-n drun:;urunr:dnrslofl

lrlorriuoanfirtu (Anaserobic pathway) rfio

foer rn rirtrifi nr:n"'rra':n:o[anfi nrias 6.,1

^ e\let
rnonl:a'[on1n?'t

- Fiber type ttolx rfluzinvnd'rld'rir
(Fast twitch) udrirbirfi onr:drkiirutln orn

t ^rn'l T n ':1O n n: O IA n n n lU n:;U ? lJ n1:dA1!

n a",:,:r u rru uhldo o nfi tou

- Fiber type tta rfl ulu n dr l ud o fi

4 ru a r u-fi lu n r :n o n-'r1 rj ri r ni a dr r fi uhl
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d'rrJ1:nda1ul,rn'.'r':runs{ltuuldaonfi raurra:t 't't'

dtjlendrrrrda1u{rhultnrlanqnrYur{oi':

orinr:niduurnla'rraaruadrld'reriulli'trri

- fir-J-:lrruto.'r Fiber type t riautta:fitfiFr

rype ll lr n n'jrlu nurJ n 6 rfioornfinr:

rulderurnla.i Fiber type I htflrltfio type ll

nr:6n urrlirr ruto ':1e 
n frr il rdo d'r n rir du

n dr r ldonru-rar (d iaph ragm) fl u'jr fi #odru oid

Fiber type I

Fiber type lla

Fiber type llb/x

50 "/"

25 "k

25%

'lundrilrdoil:rnouriru Fiber type r, ra,
l) - a -Llltlu Type | 1nflU7lnd1 [UonsU':AtJ un;Y]

:rilrftlsndrri rdolund'u rda Enernar uas

Internal intercostal muscle o:fi aodru?o':1u

ndrlrdazfioru:n (Type t) lurJ3rr rurioga':

::mru +6-+8% urifi,:ruio-riu{rhu coPD

dfi nmrrirlomad:air (Chronic heart faiture)

o;fi nr:ulduuro.,rlundrilrdoorn rype ub/x

ndrilrdoarfl orfi nr:rldsuza$sna'rrrdatype t

t
Ltltllu Tvoe llb/x 'rnlu

-'&o . A Jr ,j*r e A
O\:llUtUnAl IUOA'lgYl?LUm Lflnnl L O

I " n.-
Tvoe llb/x tJln?u o:y]'t l nlttnant!!?un1:

Glycolytic pathway |lds Oxidative capacity anan
3 vtv, X q )

1l1t14n dltJ t1.10 d1tor,r1g?u t!? rurrnul nu n15n
-a:

naltJtU0nsU':atJNll:lJ'lfuLUn Al tU0 Type I

I . a. . A -rrntuoatritr4nii'rilrfl ofr nrra'rtd'urn urinmr
X

Ull'tlt'i':14nfl n1 lUOnOA':

nrnruoharl1uniiruruEo

(Muscle metabolism)

'[u nr:fi nulr oruai ailu n dr l rdo

zts

drrr:nfinurotnnr:r 6uuu ntar:rir': ";
& & - c-

n'',: uoiar rd'r ri'u loiuri ctvcooen v5o ctucose



zu 6 orri'ruq{firfi ool n n'udnl sdllo-n nrirrld'uri finntno,lu

Nicotinamide adenine dinucleotide (NAD-),

Adenine monophosphate (AlvlP), Inorganic

rr:ar:rnnfi nnr:unrririsllnri

u5o ar:or"r o tir,lfi rfi or{ufil'n ruarul"filu nr:'hi

n4",:,:ru rir.,:,11d'rrri Adenosi ne triphosphate

(ATP), Creatine phosphate (CrP), Nicotinamide

adenine d in uc leotid e (NADH) }l5o

uo no'tndlrd a-.,: fi nvrloTor nnr:rir,:ru
. ! ..; j . ofla,:tautq mtn u1? 0,ttultu?ufl1tIN n'tu 0d d

lurm:fi r d'rX oir,: 1ra.,: n d'rr'l rdo niu Gtycotysis,

Kreb's cycle uio Beta-oxidation ld'ud

- Hexokinase, P hosp h ofructo kinase

tun:curunt: Gtycolysis

- Citrate synthase, Succinate de-

hydrogenase lun:rurunr: Kreb's cycle

- Hydroxyacyl-CoA dehydrogenase

(HAD) tun:3U?iln1r Eleta-oxidation

nr:6nurnT :rildauur a,:rollSlrruar:
d'rnrirr'lufiilru copD lutrucoonirfrnra'-'
iludlfi"ndluta.i Inorganic phosphate (pi) 0ja

iJfi sB qriufi I fi'uursu zst:r

q - jor'a rA ' 
q y d

u00t Yt r lfiInonut og tluo.txo.t lgnnr t o
aq v
uu08ufi nluutsnlt yt[1]!nl?srt Sntou

t.' r' d o oe. e ! d?ant:nu00 Lotlnt,:tJ tJnml tfi LUndl ru0lJn1:
,Jrl n-uu rulalld'[u{r1':a1:n CopD dlilfl oil

l. nl5llnoon.rto (Hypoxia)

.-4----,q q"tuoiQln!u ulu coPD 0! n1tu1

fuanrrtolndrilldo Io Hfirtri'fi irr uru
1ilIn orauroSfl udsroul{rirj1{ "l r?rJyr&,rn1t

dt r nrl cflil:dunr utu n d'r eJ rfi o n o d,r " -i 3

u o n or n dufrr s-.,r l,t u'i r n r :t r o a a n fi ro u o cfi r'tfi
fi nr:rilduurriln,:zan ctycolytic pathwaylo rtiu

frr'b{nr:rir,rruro,0rauhii Matate dehydroge-

nase ttar citric acid cycle enzyme doa.l

rdur6ernnilu'irnltrr ooonAraufr rb{fi nr:
rfr runrmud,orirorrardrdnrdlur.rarirfieldu Iou

t1,l Glucose transporter-1 (GLUT1) ltas

Glucose transporter-4 (GLUT4l rs

z. nr:rioR.ruoonfiro*u toxidative stress)

aqruaia:; (Free radicats) fr zualilrirnru

irrniufi Electron rransporr frrflotllnnou
lrriu't Soototfiooin Monocvtes [!ds Macro-

faclor lTNF-o;'u rfil{ulu4rha copD'". fi

zuaoion::u?unr:fi rartLrqaGi'fi 6fl n.h Apoptosis

ld mrun'lnrrr'luir'': nr s fr ar:d'ruo! ryd AdTr

(Antioxidants) n oai'? 1d'ttri Superoxrde

dismutase (SOD), Glutathione peroxidase ,

catatase rirmuhifi rl:;EnEnrnriaar:riru
arlXn6at;16'ud ctutathione, Vitamin E, Caro-

phosphate (Pi) fiiantounnfi ndrfi odu oonAraulilEiindrurdoui.rt 1 noa.: frrtrifi nr:

creatine phosphate (crp) ufi ldrjlundrl rdorjo.,: rda rd o n d'r rr rdol dTo u n :.r Io 0 r fi oilrl a n r flhr iliu

niu rd m n-1-ilu n n'r il rda uru'u uaei! er s n d.fl u n1: il-Tt? il rgadfi 6fl n'jl Lipid peroxidation' 6 
rur ri',r

dit.t Creatine Phosphate hi'1fildurilr16l

ra-.: nr:ao n rir a'tn1cfl! riil? u copD ld:cerc

ttarutun'itnu n6 'o'u
, ,idrunr:nl6uuula,:zo,:roulrf nl,ir'lu

?rucaonira-,:nruocfinr:rfi n r:rir lr ur a,:

Citrate syntahse (CS), Beta-hydroxyacyl CoA

dehydrogenaseT-8, succinate denyorogenase,

Lactate dehydrogenase (LDH)8, Hexokinasee

aoa.: ualdrunt:rirtruto,t Cytochrome-c oxi-

dase (COX)ro, Phosphofructokinase (PFK) rdl
t

ir 6'rg'tunr:rfi orauil a Adrs6olrJlornau rori!

pnage fi nr:rJri a cJ d"rrfi rru n.jl Tumor necrotic

2L4
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tene ria vitamin c fiililrrunnn': rirbi

nalnnr:anil3r'rzuorlXaia:etunadaoa.: uoi

finfngru uan.,r ru ot or nr:o o n ina.:nr socd'r e
J . J.

l',l1t}1tgdd nltu'tun? tfl0ao0u n0d'trnrntl

?rutn -

au add:corno:notruaroonfi rou lReac-

tive oxygen species) d'l Nllnrirnr cil?liu uac

tein oxidation fr Carbonyl group flo{n:o

orfiIuluhj:6u frrbi:ilir.: uacnr:fir':rl fi or

finr:6'rtolunn16u (catctium) frrbizylunr:

Uncouple.oxidative phosphorylation rnlt:o.o

}ltil ar rr ro ru 6 orn a-'rrru1d' un:d,: ar-u ryr ru

rh'trirfi rrnr:orru lepoptosis) 1d25

s. nr:\rr^ldl,i toisusel

- ad d
Lrdsnnl Luonurdn (wasting)'"

I rdu"''' " Ioaranrrfirdo"lilIornauroifl fir'lf ! a" a
Lunal ruo [1'{ou'rrJ'] da']tl[LlLnn{,1'tuLfi 1 n?u

rfl fl anrv'tnr:nirurdraanta.:a'r:rir': t zuri.':rtnd cr n rir'iril'r1"r n u-n a o ua 
"n 

fir r rdo al o 6 u rti u

tfr enniunr:fr rmu?o':taulgri succinate dehy-

drogenase, Hydroxy-acyl Co-A dehydroge-

naset'o t[a& Phosphofructokinasett nod.l

Iorfl fi nalnnr:ri'rar urorll:6uluan{vr oao.r

rfi n rr n nr:n:vd'ulora rrur-1s+ frrlrdrio

Apoptosis

nr:oonrira'lnru (Exercise training)

Ioruli'dilrair nr:aa nrir n",:nr fldrarnr"[r{

:rilno,:blfi rar fllLl:fi ud ilu-':rsn d u6o rfi o pro -

iln61il" Iosroflthj:6udtrlnaourniiJ'o fi r'tli

nr:dfirlra copo hildfin'r:rnf,oulnT
. a - - -,^ e4&nn't tt.l0 n1Tfi Fl n? tlnsnal u o'] Ino?u lt't t?l

ocfi rnr:fr tru?auzndrl:sarn (Motor neuron) rfi rnrrr ufi .:u:,:uacfl unruld' Infl ro rvlu

nrjl{rJru copD"u-'u Iofl fr nr:nld'eluuilarlu

nltanalu'rula{[0nal tuaturl
_t

:!oud't:{'tL tanao\:u
_t

firl_:rrrutfro Type llb/x rjlntl"
. a a & t <) -?0ifl n'ltJlUAtAnA'l t?N7l\:taUL{3JInB1nU

Oxidative pathway Yi'].'t1tJn on':

l. nr:'kiirsr (Medication)

nr:ld'iuarzfio Steroid u'ru 1 arfirra

rirtrirfi onr:ujdsu[ld{ro,]r orluafi ailnrs'lu

ndrilrdoaru lriud n'r:#.:ra:rcdlil:6unnar

:r yrt:srfi lfl u corticosteoid o;n:sriubifr nr:

zud{n:orocfiIuoonuonndlilrdoil'rn{u" oln
"" &.-

nltFnu'l'LufiullFlnai'" iltiluE'r steroid viu
. JJ

oU Aodlt[l\lJ?u ttun'l lfi Lioid Peroxidation
.aa^

l't tufl al ruanrundrJQElluTlJl futu na'l tt,l atu Fl
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R1?v110dlrol 1:rtovRt:6nreu

( Nutrition depletion & inflammation)

n1:?1od1ro1 1'rorfl uld'tiostJrntutiilrE

copD* d'r:J'r:oiolriorntl3rrrult#u Fat mass

(FM) #ann.t drurdrrfi orlrnn',rdtd';uort.t

loirio eJ uriir,r n'l fl d'o o nt:fl o-'i {r u nfi olflu nr:

rrulorrn{u" " firlfiir.,:nrafi nr:anraIrJ:6u

- ruro?a.olsndrilrdo rfirr{u raulqri
A3

rir r 1frr,:r u rfi rfl u uiunrTinn".,rnrIuud{

ao nALox n:cd'u'lfiir,r nr sfi nr:rfi rriilr ru

ralltfdrirad'ruau n6d:ct?iu superoxide

dismutase (SoD1" uo;dr arh'trifi il3:.nrun:er

ua n fi n n''rlu rd o oa na l'u

- -:rurru Creatine phosphate rfil{uua:

3rJ'lut Inorganic phosphate and':3e

- fr r'tr{irrnT rfi nmnar rur:nllunr:riru

nnn, 6'no loacrlT :0il:vrfiuldorn Elhane 01n

n firfl"loaanlriai'norn 3lrruro{ tvlaton-

L[d'1111fiQ:IJ

Type I ttas

:? nnflu'to

type tlb/x rrn{u
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2ltcmrnnfi nnrr|rnndridrl$rl

dialdehyde (MDA) luflaranr Iqsilu.jr'lu
firhuil:crnndu 1 rriul.invir'lo nr:frur,,l

d&rrnRlyril { n1d d"l snr:aa nirdl n1s r!1 6l

Jrr
nIafl 0.,:nnnr:rfi oouNaAd:!rJ.tnrfi ulil fr rtri
rfi r,rrJrcEytGnrnnlflirn'tula,ri,t.inruld' Infl fr

hinunr: Ethane u,a& pentane :.:r.,ri.,rfi

tl3rrruto.: Malondialdehvde aoa,l

*ruiu ranr:f,lnoianr:nl6 uuurla,:ta,r
.andtlriian:fral J,rlilfi daXarfi u.,n'ta

rfi o,:ornfi nr:fi nurfosil1n ttoior nziorta,r'lct

ndrlrdarior type ||b/x dfi nmilu{,:u:,:riou

6trrr:uiunr:ilnrfi aufu nmruufi ,:u:r :nnn,ir

nr:ilnrfi lnml.numlu rrac nr:oonfi ra-.,:nre

ocrflludru?ir iflu n1:n,1u n '' raulrrirdad'ru
- re .Jouilada:clo [rFituoeinu:cniunr:1fi o oxidative

stress, nrlseiaudt, :cuiu G I utathione [!aso-] tl

nr:}ic"rrrituoqgo6atc (Antioxidants)

tu nrro o n rir a',: nr clu ar u $!u ld'il'nr:

flfi ss ofufi g n'uauu zsrr

o;n:Ed'utiiT tnrufi nr:rfi ilil3rJr ruroulr rid

tirad'ruarlryaia::rdu soo fi orrl uoinr:loiiu

inrfiufi uncinrfiu6 osfidrudraaonrlfio

Lipid peroxidation a1n n'ltoonrin".,rnr ul Fi

ruacf,:ilu'irinrfiu6 u-.0?ilunnlsNrru

Neutrophils ld un:ct-rrfi ilil:s3nEnrl,rnr:
ir.,:rutorroultri Creatine kinase Ins
raflr"ldfinr:finurtu fifi?lno ei'xuu"n 6 o rio niu

u'ru 2 diln't#o nu'irnr:firrru?o{raulsri

Crea tine kinase d.l{u nralrn,:aanirn-lnra

6, 24, 4g frlil,: ua"a-l?irudoruurrunfru rdald'

nr:b{aanfirou (oxygen therapy) tu
rl':rrrun'r rru;binrtoo nfirn-,:nr r*r n'ry dru

rlrtr'firh uo a n fi r a'lnr ulfiur udu"'' ou 
In rfi o:fi

ilaoio nr:ril d Eruurla.,rlu:cFiuar:fi rllraq a fi
doraornnr:6nurfourJrn r,riu tirayirtfi
arnl: autufiofl (Dyspnea) ano.lo' nnolnrt
r,tr cflo 6trur n (Breathlessness)a' Ltnsg-.: ff r l.t tn

tjt-u oxidative metabotism trifirl:c8rBnrn

vq e
R1flfid,ilfi aa ntleu ruu ltat 6 rFrau s?rJaL

nr:oanfirn-lnru fi uralaantrou (oxygen
. JA !toxicity) frrfrarilorlao "lutrucfr fidruld'iu

vl tde deg{trtJla:Jnnxorlu

o,luuocluu?ln11fl onnld,tnlfl 6ln[ at

fl0 antldoi0{nlrd{rd:tJLfi rfi F]ou nadlc
' , a, ; <&a

uoinu'irfr rJ:cLiirilyr-ih:cri'! ar:fr lIrurn na un;

lu:rri'r nr:frr.:rut o,: raul"uf uri rd o,: or n
f , ,i .::tu:ltnt [lJn1:a0nn1nnn1unon1:tLld l.ltLld{t

drillr drflu nr:6nur'iunurJn fi unsfirhrI: ny"r'lo

n?1'JUUn- t!'t tun't1a0nfl'ta{n1u ta lcunna

ilriJurlrgnrfirn'rX Inarafl r;tun6i oirhBI:n

co p o 6,r fi rlo o-g d,r r a-: ru'lri'r fi n a u I a 6 fl :r ru r n

ruu;frrbiiurl ::n1 d.r:o.r r11:rd3 d fr nyrdoiru
!t "E,:?u' otnrlSlrgutad Creatine ohosohate fi

ourun6a::" n{orlrtriaroaza.,:rJfr il:urioonri
fte4
[odtun dr I rii a arqiHrilu n nlnnr:r] a,: riu raSl
't. . t J, - vo ,
ru:1\: n1u tngnU n o ua? Lu:1,: n.tu S dlTFt.tu

rfi tdurra"rl3rurru lnorganic phosphate no n,1""

v)2,'au a6a:c'[u:cn-u fi.0 ritar:firilu raulq ri
itrt. t tJ. - {-tln!t LttoulglJ?ld1nru [O$n GSH peroxidase

(GPX), lrnr Catalase osriacilunrflrdoouta

adls Superoxide radicals, HrO, ltar Organic

hydroperoxides druriorfilruftiroulr:jl6'uri
'lorrfrud inrfrufr nan1l6lou fi3a Ubiquinone

druarmrlair rdu rirurn'r*rf, a,r fi qnf,tu

d'luou aid:c (Antioxidants) t :.1rfi

dral:;noural lsofavonoids r5a phl,toche-

mrcals tiu!a,tt3

uri'ir nr:aa n rir a,,rnr s $uuldoanirou.'

216



Bull chiang Mai Asso( Med Sci

&^
7r,rn1:fl'rFt00ngtQu nll?'lod1:0111'ltfi lonlT

&-
Iotuu10t1i 6t o'tu n?1 un-[u1tun15

"un 
i'.{on. g6o u?:1fi r'lsd Lra!o n oia':itruiu

, 4 q ! t !o ei
tJ1l.)ll Lrn dr:'t u tyl0u0{nut t}ll'lnnlfl n1:

a'i, a e
d:1,rau n0d5&tJ'tntnuLu g{na':n1tn1u?QU

14tO5'ltl{1Un,:n?1 tl 1.1 n-t 1n!fl'lT
rul d su uil attotnl?!o o nfitn{uluir.rnr s'lu

t;Frudlrx?tnrJ0uln 1n 0u'litlal.lr?uuron

Fl?'l tlFlOtfitll'l - tLl:Ltn: nllOOnnln'ln1U tlJ
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