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The role of lactic acid in muscle contraction

Masanobu Wada', Takaaki Mishima® and Takashi Yamada®

Abstract

Repeated intense skeletal muscle contraction leads to a progressive loss of force-generating ca-
pacity. This decline in function is generally referred to as muscular fatigue. Since the work of Fletch-
er and Hopkins (1907), it has been known that fatigued muscles accumulate lactic acid. Intracellu-
lar acidosis due to lactic acid accumulation has been regarded as the most important cause of fatigue
during intense exercise. Recent challenges to the traditional view, however, have suggested that lac-
tic acid plays a role in muscle contraction distinct from that implied by earlier studies. This brief re-
view presents (1) a short history of our understanding about lactic acid that explains the early ac-
ceptance of a causal relationship between lactic acid and fatigue, (2) evidence to show the tempera-
ture dependence of acidosis-induced changes and the beneficial effect of acidosis, and (3) a proposal
that lactate production retards, not causes, acidosis. These findings require us to reevaluate our no-

tions of lactic acid, acidosis and muscular fatigue.
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F—T—FIABRE, ABRETS F- X, BE, THDEZ, ARENLABRIELFERSH 2] &

pH W) RLikiE, EBEEZOLDOFEA MIb#o
TBY, BREDVZDIHRTHAS. B i
I FUBHIC KREFEAAY H) 26T 2WEE, [HEE| &

BEICH 2RIMAWELET. LB (lactic
FREOBVEBZIT) S LICL o THIMES  acid) BEFOEZIRT LB THY, AEHs
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Fig.1 Chemical structures of Jactic acid and sodium lac-
tate. The proton is released from the carboxylic acid
group of lactic acid. Sodium ion is associated with the
negatively charged oxygen atom, forming sodium lac-
tate. (modified from Robergs et al, 2004)

TRHH ZRHTS (Fig. 1). H &EREL7RD
ORI, ZLOEETF MY ALV ERE
L, U AAEE (sodium lactate ; L%,
WICHBIE L IER) L5, FLEREAH OREEEIC
EEEL TSI L AR TGRSR, AR
FHI X o THOBEEMER T 501, Blish
ZHICE VBN pH A 6.2—6.312F T
TEa-0ThsEENTVS (Fitts, 1994).
2004412, HEFOMASE CRE-AFL
1 2 5 Allen and Westerblad (2004) I X - T,
[Lactic acid : the latest performance-enhanced
drug] *BEENLHIPERIN, Thiddl
BICET A EEOHE (Nielsen et al, 2001 ;
Pedersen et al,, 2004) % F L OHVRHTDH
BN, EAPOETLIENTELLHIE, #HD
HEY BT AR, chIETEZLNTERI
BOVERICEZEBZ 3D THS. TNUPHET
HoEbIE, BREEZONTELABTITESZ
Lt h, FITARTE, 1) ABSEFWE
LEZOND LD IRo iR, 2) pHOKTA
BHOBEBIZRIZTTEE, BXU3) LBRMEY
BTRZWVWI EERTARE review L, B
OWHEIZ BT BHABOBENCOVWTHEETAHZ L
235, RBAT T, BEIUHER L OBERIC
SV THMNSENTWBD, ZOREPEEDH
WY @S, REOHRELEETS. Th
52 L Tix, Vandenboon (2004), Clausen
(2003), Favero (1999) X U'Berchtold et al.

(2000) Ik o TEPNLBHIDHEHDT, SR
I,

I FEOFER B LU pH, BHES EORE

ABORERIZ, 1780FICAY = —7 ¥ DILE
# Scheele 7%, FHORBREOHFIZANIEL T
OBREDNFELwbRTW5S (Robergs et al.,
2004). ELEDALF4 13 2-hydroxypropanoic acid
195, T ok & Sz lactic acid & ) B
B, SHETHELBVwWLNRAZEER o7 (lac-
ticlk TAAEED| L) BROBEF). 194K
WCABE, ABIIMELHELFIAICDHFET S
TLERHRENBEEDI, HIUELOEEICD
WTHEBSIRAEIIIICRD, 184141T1F,
Berzelius ¥ Lehmann 3812, [JE5 L7zBDHIiC
ABErRRAL:] LOFREZ L VWERZS
nTwb (Karlsson, 1971).

AL D B AT O EBEN R ERIIOVWTR,
20 HEATHIFEIC B & 2 & iz, 1907 4212 Fletch-
er and Hopkins (1907) i, EEEETIIBNWTH
INOHEIHES TS L, HTFABREESRI0
BIWMT A2 e2HEL, TORIPAREH
EHEOBMCERERYD S L THEZOFHEmE
ol BB IABROFEIASP IR
bOD, YUk, TAVF—RHFLOBEEIIOWT
i, BEAEGh o TV o, BREHIIMO
i N, ERHCSEOIANVT—2HEAT
DB TH DI, TEINVEF—RBFOAH =L
PHELEAFEZOBIFOERME L RY, HELHOD
g s o & BB OMBIZ Ok b o7z, 1922
Fi2, HHPOBEOHE LABELOBR] ©
7T ) —~_IVE%%E L7 Meyerhof & Hill®D
BEEIIICRE L, HH2AOMREICED, BR
ABICEBRINL I TOFMIBHINL
(Fitts, 1994 ; Robergs et al, 2004).

X5z, Y ELIGEE &R LEY L2BH TR,
ALBOFEL L HICHMBNO pHA62—631C
FCET T 52 & (Furusawa and Kerridge,
1927) %l ALERIREE & Mirk pH & 2SR L T
fb+ %2 & (Margaria et al, 1933) % & b#E
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Fig. 2 Effects of pH on isometric force (a)and shortening velocity (b)in type I (@), IIA () and
IIB (A)fibers from rat skeletal muscles. (modified from Metzger and Moss, 1987)

Sh7z, ABAPLBHBEABTHLI LD
(pKa = 3.87), FLEEA» M 3N 5 H 25pH DK
T A(TYF=YR) 23726FEEIZLN, 20
BRITIBE7 ¥ F— ¥ 2 (lactic acidosis) &
FENBE X holz., IRHITME, IUERT
%, HEREIRO LIRS L HPABRIRE ST
LTCHEET A& (Fitts and Holloszy, 1976),
HECZEGTLUATRT T AMENE VEE % b
2T o 723 E, HRILERIBE DY 16— 18mmol/
kg muscle wet weight {233 5 &, 1ZIZHIN%
CEFHRBIZEZZ LR EPBHELIICER
(Karlsson and Saltin 1970), Zh & DHIERS,
[FLBR], [TYF—V A BLO [HEY] 03
HOMZ, MOPOMERDHLEEZOND L)
s oY A

Nl pHOETHAHESEHF LT S_L%
RIHER

1. FRMEAN, BEEE S LUHEEE
EBDEHIZ, BEOBWIUESAR SN25
TiE, BHEMBRN D HOM KT 52 &28
BHS2MZIERo7275, ZOMENTEOMICKEE
BREH L LOMIEL IR 50w, ¥R 51T,
TED 2 ZEICEBICE LTl L ThB
TREIRINTVWENSLTH S, ZOMELR
Y A& D EENRERFRIL, TRREOHE
KpHBRETICEE, [UEFEEOBIL2BE TS
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Fig. 3 Effects of pH on the rate of tension decline in
mouse single fiber. Panel b shows original record from
70 Hz tetani. (modified from Westerblad and Allen,
1992).

TETHSH, ZOHFEZRAVT, BEEOHE
WD W THRET L 72 BFgeiE 1, pH 70 054
LB L pH 62T, RRERMEENIZ60—
75%\Z (Fig. 2a), wARIUHEHEEIL70—85%I2
KT 352k (Fig 2b), FAZDETREM
G A—%—& % type 1IB > type IIA > type I
MHEDIETRKEVWZIEZRLTWS (Metzger
and Moss, 1987). HMEREIZDOWTH FRHEOF
ETRETEhTEY, pH 7.3 £ X pH 68 T,
SRIUHERG 12 BT 5 AR X, H50% KT
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Fig. 4 Diagram of major components of muscle fiber involved in excitation-con-
traction coupling. Numbers indicate possible sites of muscular fatigue and in-
clude the following: 1) transmission of an action potential on sarcolemma, 2)
communication between dihydropyridine receptor (DHPR) within transverse

" tubule (T)and Ca® release channel (CRC), 3)Ca* release via CRC, 4) Troponin
(Tn) Ca™-sensitivity, 5) force development of cross-bridge, and 6) Ca** uptake by
sarcoplasmic reticulum (SR) Ca*-ATPase. (modified from Fitts, 1994)

AT ENRDOLNTWS (Fig. 3 ; Westerblad
and Allen, 1993). FIkOMEIMIZHEL &
nTwsZ & (Fitts, 1994 ; McCully et al.,
2002), HBHWIEpHZT ¥ F—3 X b REkE
ORBIZRET &, Fhe & d IS M5
% Z & (Fabiato and Fabiato, 1978) 7 &% %8
T2L, [TYF—YAPWESORKETDH 5 |
LEEWmMATAZ LUK, ERDNS,

2. BEIEER

FEIRER &L, #RrODAL YV ADHE
ERIZEL TS, BHERMESDRET 2 ECcedi
L, 2L DHREVHETHIHEMELBRTH D

(Fig. 4). W09 $AERD1oE LT, BE
R O & Z DO T, HEEEOK TS
ZENRBITOENE, FNTE, 7Y F—YRidHE
BIGREBEOEZIHETHDTH A ) ». £
PRI B E LT, 1) BEROEE, 2)
AT /NEH b H/MEIK (sarcoplasmic reticu-
lum ; SR) ATy afty (Ca*) BHF *
VAW (Ca”release channel ; CRC) ~® ¥ 7
Wiz#E, 3) CRCH» LD Ca* i, 4) bRz
YO Ca S, 5) IAVVEHEETIF VI
X BEIRMMEONE, B L U6) SR Ca*-ATPase
WX BCa" DM ARRENEZ LA,

(1) WHEBEOBAEYE, SR CRCAD Y 7 F IV
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Fig. 5 The relationships between pCa and caicium binding by troponin (Tn; a)and between
pCa and myofibrillar ATPase activity (b) in rabbit psoas muscle at pH 7.0 (continuous lines)
and 6.2 (dashed lines). (modified from Blanchard et al,, 1984)

EBLUSROCa il (A7 v 71—3)

EBROZF 71 BIU21I2B8WT, pHOK
TAEFEL? RIFT 2R THEXLINTY
W, SROCa* I (R7 v 73) 122w TH,
FAEHW L FE (CRCOANVT FYNVEIZE
CREBESEBLLE) TCRCH LD Ca™ i
2FHE LA OLTHE T, pHOETICX
o THHEEDIRED IR T 5 2 AR ENT
W% (Salama and Abramson, 1984). L#»L7%
B, ZOBRE—FHRMEE HVEBRNEAETICE
WREBETOWENTREL 2D, pH 6—7TiZ,
Ca® B pHIC X 2 HEE R 2 v 2 LS
I Twb (Lamb et al, 1992).

(2) raR=ZvOCHEENE (RFv 7 4)

PaR=> (troponin ; Tn) &, T, IBX
CO3IEAPOBEENTEY, BE, Tnlo—
B (PPRIERAL) 2SI F T VERET 2 F VEDH
WADRL LS IINEL, 2uix7Yy VoK
ZHHEIT LI IBEL TS, Ca” 2" TnCIiZH
95 &, TnClik Tal OMIHIEALE H 5 DOEIA
FlolRBEIBENPITBELEEINTVWS (Vino-
gradova et al., 2005). = D#5EAT 5 HPFIERAL
DMEOEIZEL Y, Tol OHEIERIEEL,
JORAT) Y VORI REEL 5. pHAMET
5L, —EDCa"BETICBIFS TnCAD

Ca" DHEEEMERTHIEFHLPICR o T
% (Fig. 5a ; Blanchard et al,, 1984). = ®Z4L
i3, pH 7fHEDH AL ERT ¥ F—Y AT T,
—ZEDCa* B TnClHEET 572012, HKE
FOCRENP LV EL LB LEEIET S
LERBRT 5.

3 TrFVEIFTVVOREER AR5y
5)

BRI R C T DI hELRI A VF
—i&, IF Y UVHEHBBICHEET S ATPase (my-
ofibrillar ATPase ; mATPase) DfE/ERIC &
> THELNS., mATPase X TnC AT S
Ca" BIERFE L TEALT 5720, Z0EINERE
WD Ca™ BEIZL o TKRELERFAENS (Fig.
5b). pHAMET LT®, mATPase&EHDOHRKME
(Ca™ Tk o THRRICFEH LS N L EDfE) X
ZAL L7 v2% (Blanchard et al, 1984 ; Stienen
etal, 1999), Ca®*EEM1—10uM (pCa6—5)
BT 5 mATPaseGEHEIEIRESETT 2
(Blanchard et al., 1984). T @ k) %2 basE =
BHERIE, FICRRIZIHITT Y F—=YRIZL o
T, TnCiHEETAHCHEPERT T2 (Fig
5a), mATPase B+ b s wnwz &ic
H5H. PEERICBIT 5HBEND Ca™ IREIT1—
0uMTHLIL2ERTL L, MEHERN
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T, 7Y F—3Y A2k 5 TmATPase iXE T
HERBRTIENTES.

B ERRMED DU LT A, 34TV VEERET
7FVE, RDEIBHFA I NVEHRYBEL TS
EEZLNTWA.

1) ATPA2SI & ¥ VEHEERICHKET 5. DR,

TrFEIT Y VEBIREGL TR,

2) ATP#YADP & ##1) >~ (inorganic phos-
phate ; Pi) IZ@fEsh, ThE& b7
yFUvEIFTVUVEBEIEIKETS.
ADP L PilE, 34V VEBIIESELTY
5.

3) PislrliEnas e bz, 77F L34
Y UVEIBIER W AIREANERBITL, 34
YUVHEBET 2 F T4 TAY P ERIES
£ CEBHT .

4) ADPASHH &R, 77 F v &34V VEE
MRS 5.

INL—HEDY A 2 NVOHRT, 3ITBITBPIK
HOETREDPRSEL, 22 mATPasel&EH
RUET AEEBEE 2D, HERESRETS
SERMEENZ, BAEALLZZEAT ) vy VOR
LEADZ T AT vy VORET SR
#% 5 (Westerblad et al, 1997). pHDETIZ
LVHOEHMWETTAHERDO 12, mAT-
Pase [EUAMET T A EI2X D, FWEAIRE
P OROVEARENOBITHREMER L, MK
L7272 0RAT) y VOEPRITHILIZHS
Y#Ez2H5NTw5 (Metzger and Moss, 1990).

(4) SR Ca*-ATPaseiZ X % Ca”* DHL Y iAA
(A5 76)

ZURTY v VAR ENGBRELITH, &
BN Ca® IBEIMET L TnC 2 5 Ca H3 Rk
THE, TIFUMLIL Y VEENEN, HE
WHEII S SR~ LB L. HREND Ca™
BEOCKTIEX, SROKEIZHFET 5 SR Ca™-
ATPase DERIZE o T &N, 1 mol®d ATP D
SIRIZX YD, 2 mol® Ca® S E 2 & SRINHE
ANERYRAEND., LizAoT, TOBEROWENE
BHOMERELRETLIERLZERN LR 5.
SR Ca*-ATPase &M pH LI § 5 5%

BB TEL, pHA71256212KT 5L,
EHETESREIET T2 EPRBOLNTS
Y (Stienen et al, 1999), Z Di&kAHd Fig. 3
KRENDMBHEEOERTRE X —HT 3,
pH2ME T4 % & SR Ca*-ATPase {EMHAME T+
H01E, HHSR Ca®-ATPase lZ#E& LT o8y
OEEHSLILT 52 L (Mandel et al.,, 1982),
BX O ATPase ¥ 237 @ Ca> #EHAIZB W
T, HECa®* L BETH L LEE S B &
ENhTw5b (Williams and Klug, 1995).

3. FEVEREER

pHOET 24 5 BEOBVHIHETIE, LE
7 LAV E — DO REBDDFEERIC X 5D 5/
5, TORIZL S ATPBAREEDELLH
EHCHELRIFTI LR TAELONE. G
ROBEBED1DOTHDL T+ AT+ 7V b d
+—¥ (phosphofructokinase ; PFK) D%
pHiZ72—78TCHH, ThlsopH T E M
EIZKELBRTT BRI LEFTRDOLNTVS
(Triveri and Danforth, 1966). L7225>C, 7
Y RF—YATTIE, AATELZATPOENEL
KBPT B ENFRINSD, FERIPNH
BED20%UTICEFTERTLAESHETER, HiRN
O ATP DEEIZH70% (35 mM) IR T 5
129 X7\ (Mishima et al,, 2005). Z? 35 mM
v HiEid mATPase B X UFSR Ca*-ATPase
DIHT) AEH (mATPase — 0.1 mM, SR
Ca*-ATPase — 006 mM) XV E»IZEL, 2D
BREORVETIIED 5D ATPase IHEMED BER
ZFBLEEZIC V. TDXHLEFERIIOW
T Fitts (1994) 1%, pHAYET 95 RKT T
PFK % &AL 5 /EM % #2 AMP, IMPB LT
PinslmL, pHOEEZHMBTHOTHA )L
BT 5,

IV pH DEEADEEL
1. BE & OBR

INFTHRRTELLELOMEICLY, [HR
—7 ¥ F— Y 2A—EY ] O=FHOEICHRER
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PHEAETHIERELABOONEZLER ST
75, SHEBHKT LHMEIEBHBEL 2HAL
ns. BlziE, 19884 121 Westerblad and
Lannergren (1988) i, BHMPEEERT LT
Wb E—FHREOMBANpHZNEL, Z0OfEX
BB TRELBRoTWAZ LR, H< 1989
#121% Sahlin and Ren (1989) 7%, BB ESHK
T2atoe MMILH T, HNILBEEIIL
HED 197 TH DD b ST, HHidEE
LTW/zZ &2 HELTWS., 51T, Thbdi
FA D 19872, pHATSEH67ICIET T 5
&, BORERNIEEN 15 CTIHETT 5725,
30—35 C Tk I KT 5 Z &P Ranatunga
(1987) XX o THESN TS (Table 1).

LB 235

PHOETIZ X D IUE#EEISZE LI KT T4
EERDI-BEORLT T, EHWEE
(37C) X9 15CU EERWEHT THESThI
Tz (Table 1). #hid, B—fiHz Hv7-
EERTIE, 30CULOBETICEMELZEL LT
BHEOBWERFE OBV, RH2HRW
Z L TdHo72. Ranatunga (1987) OHFFEIL,
PHOXENRERFEETHLZ L E2RETSD
DTHY, 1990 FRICHERENSThNIIZ. 20
RER, pHARTICHE ) IUERERI ORE X, K
WEMHFIZILTI0—32CITBNTIE, BHTIE
#135%12, HMIREE TIRH0%ICETTAZ L,
F R EIZ30—32C T pHORE 24
FZIF RV EFHLNITR o (Table 1), 7T

Table 1 Effects of temperature on acidosis-induced changes in skeletal muscle
Authors Species Muscles TEM pH Changes
F(abiat()) & Fabiato Frog  Semitendinosus * 22C 74-62  Decrease in Ca?* sensitivity of MF
1978
B%anch)ard et al. Rabbit Psoas * 22T 7.0-6.2 Decrease in Ca?* sensitivity of TnC
1984
M(etzgt)ar & Moss Rat VL & soleus * 15C 70-62 —20% decrease in tension and Vmax
1987
Metzger & Moss Rat & VL, and psoas * 10C 7062  28% decrease in tension
(1990) Rabbit 23% decrease in the number of cross-
bridge
Westerblad & Allen Mouse  Flexor brevis * 22T 7968 —25% decrease in tension
(1993) 51% decrease in rate of relaxation
% change
(ratio to
low TEM)
Ranatunga Rat EDL 30-35TC 75-6.7  24% increase in tension
(1987)
Pate et al. Rabbit Psoas * 10C 70-6.2  53% decrease in tension 100%
(1995)
30T 7.0-62  18% decrease in tension 34%
10C 7.0-62  30% decrease in Vmax 100%
30T 7.0-62 no change in Vmax 0%
V\Eesteliblad et al. Mouse  Flexor brevis * 12T 7068 28% decrease in tension 100%
1997
32T 70-68 10% decrease in tension 36%
12C. 7.0-68  18% decrease in Vmax 100%
32T 7068 no change in Vmax 0%
12T 7068  48% decrease in rate of re- 100%
laxation
32T 7.0-68  25% decrease in rate of re- 52%
laxation

*denotes that single fibers were used in experiments.
troponin C; VL, vastus lateralis; Vmax, maximum velocity

Abbreviations: TEM, temperature; MF, myofibril; TnC,
of shortening, EDL, extensor digitorum longus
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F— ¥ 2 RET 3R 8 X CIUHEEEDOEL
X, BERMEORBREOEALIC L B L 2HHPKRE V.
L7245 T, pHDETIZDOWTOERIRTOEER
BRI, EBICEKHNTELTWAELE BT
B, BICHBERMECHT 2BICELT, #BX
ML T2 dDTholzZl il b, BETHE
COMRBELBDLRTWAR, [TiE, ¥
BENRPHOEEZELET 200 L)V
LT, PRCEBEELRTYRY,

2. FO®E

TYF—VANHORBERTIRELETS
A, BEBEOBENRS X OHMRBOFROELIC
REL, SICEFETBRRTLLIBENITTVS
ZERRTHMEIEERENTV S, FEEEALD
Fi LB E A EET A 20, BEELICEE
THEHIYIALAFY KD Fx RN, TV
v AL F v (Na*) Fy v, \LWA L~
(Cl7) Fx ¥ 2aNds, EECEETLILEND
5. HAT/NE OB OES I K AERT 5
&, Na"F ¥ VA VOBERMET L, 207201
EHEMAMEE L R RBI LD, BEOEVI
MICBOTHIEFTHIERRADLIOTH 5.

FHEIEAH

Nielsen et al. (2001) &, BEEOK'ICLoT
KT L2, ABEZRMT S EICXoTs
LICEEL-Z % (Fig.6), T/, ZORREK
DWW Pedersen et al. (2004) %, pHOE Tz

Iy, Cl'F ¥ 2 NVENLTOCL OIS
ADHABEFRITHLOTHILILERLTY
5.

HARIGEERDETE, REEDOERICLY
BEEFE I VKRGV RAT B0, Hlllsozk
BT eFmosnTwsb (Lundvall et al,
1972). SR ABREEZRE 5 A X =X 23H
SNTWEWDS, BT VOF% B/ Fraser et
al. (2005) OHFFEIE, MEHPHAMET I 5 LH
BHEORBIWLTHIEERLTYS, HS50
MRS, PUEPICEC 5 MlAOBRELI
OERBYEAEZIFIL, T ko THBEORE
DHEREENB Z EDRBENS.

Nielsen et al. (2001) B X UFPedersen et al.
(2004) DFEIH LTI, 20 L) BIEHIXA
bNweTrHEDLHH T L (Kristensen et
al, 2005), ¥ 72, Fraser et al. (2005) DOFEI
DWTIE, HAETHRBROEFETS D0
AHETHLZ ERERERTLHE, [HERETHE,

11 mM K*

_

Lactic acid

\

120 l4mMK+

&

2 100 4

<

o 80

o

&

k] 60

R

o 40

&

2 20

<

3]

& 0— T
0 50

T T
100 150 200

Time (min)

Fig.6 Effect of 20 mM lactic acid on tetanic force in rat soleus muscles exposed
toa 11 mM K*. @, control; O, lactic acid added after 90 min at 11mM K*. Mus-
cles were stimulated tetanically every 10 min using 30 Hz pulse trains of 1.5 s
duration. (modified from Nielsen et al, 2001)
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7Y F=Y ADEDERIZOWT, BHERERE
PEFTZELETERV] LEDLELERR V.

V EFEE & pHIET OREERA DRV

ZZET, [HRENICBNT, ABBST Y
—VAEFET L] LWHREDD LIZFHEZED
TEHN, TNFERD TR EZWHIOHBH,
Robergs et al. (2004) 2L o THINTWAS,
HODEREENTRLE, DTOLIICRS.

1. ABEOBBEBSDH) b, HERET530
EANKEYE (COOH) TH5H (Fig. 1).
LLads, BERAORIGOHRTIE, &
VERVBREIFEET, BUro A NVKR R
i (CO07) DETRIITETT 5.

2. L7=hoT, ARBKKRBERIZE - TELE
ENAHHOITAMETHY (Fig7), T
FUBZ & o TpHIMET L.

3. TV F—=v R, ATP A ADPIZhnKs#
ENBELEECHHBENEI T ICE > TET
5. ATP O REED RN SRR P 2k
X, BEINAHEZI by MY FITHDY
AFh, ATPOBEERICHAINS.

4, FLEREHDELEINDIZE ATP OGFRED
BED, HOEBERENRI ParyFY 72
2 HEEELY LR S L pHIPMET T
5. L7z T, AP EABE ML
PHOETIZRIFRICEE 5.

Robergs et al. (2004) 2S8B<5Z D & 9 24K

B, BEDLNTWADLITTIERL, 4HB%E

O\C /O' O\C /O“
(I3= O+NADH+H* <«— HO- (IJ —H+NAD*
H H

Pyruvate Lactate

Fig. 7 Substrates and protons of the lactate dehydroge-
nase (LDH) reaction. A proton is consumed from solu-
tion to reduce pyruvate to lactate. (modified from
Robergs et al,, 2004)

ERH e MEED e SNBLED D 5.
VI b

(PR SN pHAET 35 &, HHHHE
THRNDVET T 51 L DAPMELTE A,
[FLERASHER S NS EpHAMET §5]) b [pHA®
KT LEDMVETTSH] BARY THAHWRe:
FTCER RLFTHMN2LHIZ, =D
ERVTOTRAMETELRVAR LD LA, &
HFRTHABRDORELTRENIOVT, ZEX2KREL
ERETNER OIS Lo Tnad
LRFETHAI.
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