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BER-BM AF MKZERSELERICHEBERRBMNES TSN, AohEL>TETL

3. AHETIE, MEHEBIZM (age-related macular degeneration, ANMD) [Z& I+ 5 fiZEEZR 15

DEEMEPEILZTANLS-OIC, BRERKBTERSNDIEILEVEIEL, TOEXTTERSND

FEAEDRFPREZRE L 1=

MR - ik HEE 25 CHERE), AREERE 25 61 (BRER), RaROBHE A E3& 25

B (AMD B#) ZxdR& L=, ZEERFICIRER LR D 4 DOFEHEE (E)LE VEEE, FLEIE o-E

FOXSREIE, B E FOFXFUEEE) BLXUILT7FoUDREEAELE.

R EIEVEIEERE (ug/mg P LT7F=r, EWEFIZERE) (XxTEEEE (1.65+0.85), AN

PE8F (4.16x3.74), AMD 8% (6.53+3.94) T, IBMEREIIXIEE (1.12+1.28), BNEE (6.57

+12.43), AMD 8% (11.47x14.94) TIHMICTHEEEZRHT= (p<0.001 &£V p=0.009). a-E

O SREIEDREIIREE (2.00£2.72), ARESE (1.30+1.37), AMD ## (0.86+0.96) T,

B-E FOFLERERIED REILXIREE (1.21£2.09), BHNESE (0. 53+0.48), AMD & (0. 27+0. 27)

T, AW BETmbLEMN - FEE/EINEVEIBOLERTHEE (1.1x£2.5), BRNERE (2.7x

6.3), AMD 3 (3.8%6.6) THY, AMD ETHEIZTRELEMN oT= (P=0.045).

fhEam AMD BETIX, BRERABMCEITIREG ATP DEBETNRE S, AN OREPER

5 L TLARTEEMEMNE X o=



[FC&HIZ

EE, SEEHRITHEN, A2RY vV ERE SIE SEME MREN MEMLTNS. C
NoDEARFIE, WIRFMEE, WIEBIK/FFIEAEE, MEBEEM (age-related macular
degeneration, AMD) 7z EZ5IESE L, HERZETIEIAFELY 55, MRBEFHREEE
RADERDEETHY, TORERBELSZHFEELE>TWLS. ADIE, S50mUET, FILEZEFD
&I HERE6000 umEEE RO SMEICE DK EREABETSNLEETHY, AIBRRE, BHE,
ZWBICKAEND. REE L TNROENE~DERE, RBHEVOEROBRELENEZONT
WBH, CHETITERNIZETSRBEMEAMDE OBERFRICOVWTHRE LEREIEAL. AE, M
e ERSEHERIC, KBRIEOUVEDTHLBERNKH (R ABEET L EAALMZHY
DDOHAHN, WERBELDODEERICOVTOREEDAE, 2, 3, 4, 5], ChFETOELHR
ELTIE, FEOHMRICENT, 25ADAMEEZEZEEEELLRLI-ECS, FIBKPOILKERE
[CIFENGA ST EHESN TS (Han 2020) [1]. NILF—OMETIE, MEDIERIEE(L46
ADEEFELEANT, b5 ADactive’TAWDEZTIE LR L, 23 ADinactivelzEBHE TIXREA L TLY
fzEmESNTLVS (Lambert 2020) [2]. HEIZ, RMARE SIET IR EME o1z L—F —FH MR
BIRMEFREETILEERLIZEC S, RADOEBEENLER LRI, MBABRREEALRT S
CEFEAHALZI2]. FEAROMETIE, SADADDEHFICHINT, RPDIEBMNIADKR) —
TRIRBEMEERELLBELTERLTVWS I EARESN TS (Yokosako 2016) [3] 25
DADD DRI KD E, AMDEEDRIEICH (T HHERB TIXFRIEMAEREIZT| Sk < TCARIERIC
K BATPEENTHONT, ABIERTEAD_XLIZOVTREIN TS, Thik, REMET
Y077 =V EDREMBMNTCARBD PEKHHMA - REEEMEZELET 57=%, TCAHERIC
S BDATPEEZ LD LT-HOTHS. (Leveillard 2019) [4]. BICAEID T 52 A5 DHERFHIIZ

&5 &, BHEAMDTIE, SLANILDOEEA, IRMEEHEMEOMEHEREF THHVEGFREDE
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MEMEALTWS L&, MRIIFRMEREBERBHZN L TREZABMI DI LICLY, RIRMEDE
ZENRERIEHBENREL TS EEEEIN TS (Vallée 2017) [6]. CHFETOHREFIC
&% EERBELAMDDFEICEAE L TLAHAREMEATEREINESN, ADEZE L FO—ILERSHE
BEVCARNERE L LEBREG LEHREEGD. AFETIE, ADISEH T SEERKHHOELOREE
MERARDL-OIC, BERKBTERINSIENEVBRIEL ZEDETTERSINSERIE Lo U
[CZEDRETHA LD a-E FOFIEREBIEL f-E FOX VEBEBIEORPREZREL, @EF, B

NIEEE, AIDEZEDIFTHRLT-.

XNREFHE

1. HR ARRE EREMIANILVVXES] RV TAZHRET IEFZRMRICEHT SME

HEt) 287 L, FRAFMEEEZER (FR 182285 . REBICETH2EEEEMES LU

KBEVDERNT) OERZBEH/TIT o= T, AAREEH-—EDHEE, UMIN-CTR (BEFIFE

H REREERFERRY b7 —0 BREABREHEIATL) ICEKRABROEHEZET o= (UMINE

%S : UMINO00013684) . £ THOMRBEIZHE LT, AMRDEMICONTEHEAZITL, RED

HICEEZR/THLIT o WREFRAFZEFHREMICERFTDEET, BREFHZRITS

FENDEEBPELIUREBRDBEEAM 2HI HEEZH 2B E L. Tz, REICEDENE

IE, #IRE, HAIWE RS T7AM8RZENICERBMZZZLE-EEND, 26 0lZzxtBEE L1

SREOERELZTAM SLUVERNEZIL—RITLUEEZRELLGANI E, (2) MIROBERSD

A0.20 logMAR (#3810 0.6) LlE& L= &, M, £8KE TOMOEZBOERRAFZE

K1ITRY. EXRREORNEEL, (1) FEHO0FELUT, (2) BEEH 5.00FHT2—)



ELf=. AMDZEICBILTIE Q) Dt MIRIEFAKRE (HFHREBESERS, HIELE #®
BMTL, #EREEREIEE, MIEFHIREAZEME) . (4 R (5) Emery-Little 7/ L—F3 U

toxBREN.], (6) PILIYNAI—RELIIBMEDHLEEFEE L=

2. RERBEMD T RPERBLNIILDBIFEE, US BioTek Laboratories (T2 b7 b
IWVDHRY BT T Z5T4—/EEHH(GC/MS) ZER L T, RERFADAEIZHE > THEAT L= [T7].

HERAOHIE, HREORBEELEL:. F-, BERAOELHTY AL FORABLELELE. R
ST EHRaY TITERL, BEERXARY v T (Dip'NDry; USBioTek, Seattle, WA, USA) # A
n, REFRESER. A MY TREEBRRTLVEECTILIRAUNYTIZHALTEHL, =R
BIREHTCEELE. £, 5 US BioTek Laboratories @70 Fa)LIZHE->T, 4O FoEk
ZIT2AROAINT S0 EEERBETOEENTE WS LWV S2BEFE (GC-NS£) TFH
WEBROEZAEL-. 4DO0OF#E (ELEVERE FLEE o-EFOFIREIE B EFOX
EERIE) BEUVILTFUDREFAE L. IRTOBBEEILTF_ULRLIZHT S
tbFRELTEHEL, EEREEOFEEREE (THE) ITHT HEEERO-. AEL BEDOT—

A2 %% 5750V US BioTek Laboratories MEAZE E AVEITE L T-.

3. WEHERMT 2 BRI FH{EDLLES (L two-tailed unpaired Student’ s t-test ZFALY, 3 ERED
THEOLERIEI—TERENITZAL:-. IEBODD 2 BB DLEEIZ(X Scheffe M £ F LB X
(Scheffe’ s multiple comparison test) ZFU\f-. 2 DL EDHEREEZE D/ ORETDM

THEDBREIZEDA ZFEBREZAWL-. P <0.05 ZMEAFHEEEKELE L. HHETEETIX SAS



System software version 9.1 (SAS Institute Inc. Cary, North Carolina, USA) 8 XU IVt

JLERET 2012 £ERR (BellCurve, RIR) Z{FEALT: .

#HR

EHFAHMEICOVTIE, BlE, #KE =SE0E EE BRE HREOVWT I IFMIC
E@FGEMofz (R1). RADEIE VEIEDIHBOLEZR2IZRY. ELEEIE (ug/mgd L
TFZY) OREIXERE (1.65+0.85), BAMESE (4.16+3.74), AMDEE (6.53+3.94) TI#MH
[CHEEZEZRHT- (p<0.001). FEFEEITHT HEIE VERIBREDIEME (%) [ExEEF (-2.2x

12.9), BNFESE (42.8+84.7), AMDEf (77.3%x72.4) TIHMIZHEREZFEHT= (p<0.001).

RPDEBEDIFFOLERERITIRY. BIE (ug/mgf L7 FZ) ORERER (1.12+
1.28), BAIPEREE (6.57+12.43), AMDE: (11.47+14.94) TIHMICHEZEZZZENHT- (p=0.009).

EEMBICH T 2EBBEREOEME () (xR (20.5+81.2), BMMES (78.4+190.1), AMD
B% (320.8%390.1) TIHMICHEEZRHT= (p<0.001). FRP®D a-& FBFIERERIEDIFRE D
HRZER4TRY. a-E FOXFOREIE (ug/mgy L7 F=V) DREFERE (2.00£2.72), B
MPERE (1.30%=1.37), AMDE% (0.86+0.96) TIHMICHEEEZEZFZEOHLM o1 (p=0.102). E#%{E
(29 da-&E FAOFEBEIEOEME (%) (IR (-14.5+45.5), BAERE (-20.1x22.1),
AMDE% (-33.0%23.6) TIHMICHEEEZREOLEMN 571=(p=0.135). a-E FOF L EHEBIEDREL
SUITHEMEFE SIS, SEHBICHAZNEARZZROLE VLA B LMER ZZBHT=. RPD
B-E FOXIEEBIENEENIHMOLEZRSIZTRY. A-E FOXUEEEEE (ug/mgy L7 F=
V) OREIEERE (1.21x£2.09), BAEE (0.53+0.48), AMDEE (0.27%0.27) TIHMICHEE
EEBEDT= (p=0.031). EEE(ICxT S L-E FOFEREEIEDEME (%) (XXTEERE (-8. 6+£66.8),

BHRMER (-27.9+18.0), AMDE¥ (-37.8+11.8) TIHMICHAEEZRHT=(p=0.045). FLEIE/E
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JLE VERIE DL SR (IxBBBE (1.1£2.5), BNMERE (2.7£6.3), AMDEE (3.8%+6.6) THY, AMD
BOIME/EIE VEBIEOLRIFANERKL Y L EEICED o1z (p=0. 030, two-tailed unpaired

Student’ s t-test, [X6).

AVMD D EJE 5 & BRIER| & LLE T B = OIZR AT B EE (n=9, ] 714%0. 01-0. 09), R AT FEE (n=9,
fRAH0.1-0.5), |MABIFE (n=7, F87H%0.6-1.0) DIFIZHIT1=. IFIZHEITERPDIRED
LB ZERTIZRY. FEE (ug/mgP L7 F2V) ORERRATRE (16.28+16.60), RAHF
FER$(13.28+16.01), fR N RIFRE(2.93+£2.48) TH o f=. SR ICHAEEZEROTH o =5 (p=0. 205)

BATRBEEBNRFHOBICATEZROH (p=0.034).

EE

ERRBICENT, FRHUEHTTE, JILa—XEFEILNEVEIRIZE#REh, EIEVEE
T2 A RYT7TTICARRZTLTATPARICHAESNS. Ff-, BBATER ST NADH (X
BEFEERTATP ERICFIASNS([8]. —ATHRIMWERTTIE, EILE VEIEXEEIEIC LR
ShB(8]. ENEVRIEAIABIBICERIRSNSIESE, EILE VEIEIL TCARRRICEITT S &I
Ty —MREJIC, EEGARALLMEE, SERAHICEVTHRIKEFELERZER (FARREI R
F—HKH) CHMIBFEREFEER (BRFIEIRILET—HKHE) ZALTAIP 2EFT 5. HRIME
#TE, EINEVEIEX TCAERK TG CHLBIEERDOARICES (B1) . ST 19F0
TJILA—ZXN5 27FD AP BNEESNSDH, TCARBRLZEICHBITT 2FRMEHICHEAS L,
EIRHIE ATP EA BRIV E. BRERABN A ORELERICEDLSICESL TSN

[F, WELEBAOMTIEGNA, AD [FENEADESE O] CME 1012 EDZRFARREE X



LbNTHY, MELBERKBHOBERIZOVTIEVS DIrDHRENH D [11]. £=, BEIZET
H5ATP 3, FICHEERRBMEBTELESNLI I LN H>TLS([12, 13, 14, 15, 16]. fiE-
T, WEIEIMESHTICHDE, EINE VBB TCARIRIZASZZENTET (ML, Th
SAZEBIBICERINST0, EBIELEMT SH[17]. SEOHRICENT, EIEVEIEELE
BRIBOLANILIE, MBEEOCBNEREIY MDBETEERICE, EEELHERLTIT.3%E

320. 8% igmMM A nT=. AD BEICHEITHEIE VERIEDEMIE, BERKBTOIILI—XF
ADEMmzZ, FLEEOEMITHIHIELHTICEY POTIVRIREZRRL TWOSATREMLH S, FLEE-
EILEVBRLEIE, XHBED 1.1 KXY AMDETIE3. 8 LAEICE L, BERKENIBRIEDERKIC
BWTWSIEETREL, TCARRADEITHAAMD BHTHIHISATWSIENEALNDS. —F
T B-EFAFIREIEDLAILIE, SRBEOCBRNERELY AW B#TIELS, EEBEHRELT,
371.8%DEIVHNR N BERKBETROIRNILF—ERKE (TCARR) NMETTSL, B E
FAFBEBIEOLANLEERT S BEORZHICIE, B BILIC& >TEHEMNASTEFIL
CoOANEREND. BENTHLELIE, 7EFILCoAlX TCARBRICASH, HWEDRZIRET
&, TCAHA T ILAHEEELE N0, PEFILCAD2HFAEALT, ¥ bk (7 MEE
BR) &Y, RIZTB EFOFIEENAEREINAS (1) . ESICHEWLT B &£ FAFIEEE
FERBICETLEDY, MBEEICEonf=3 DOEITNENEZELTLLAREELNHL. FEIEL
E-T, B EFRAFLHEIEBENLGRKAETER TSI ENMONTINS([18]. HEFIRT AT

v b TRKIEMZEE SN 5E, LEGKBEZHRVWGEELEIC S EFAFUREERIIER



95 [18]. FThEAR SN IEFICESVTIARENMEN-CEEEZDHE, HBEEDOAN

AD DRBHREZRTIEIREE LT, JYBhTWLWEEEZONS.

FHARTREWNLOIDRELNHS. FF, BRERKBESSTH20FERY O TLTRHEL, 3

HEOIBEEEILEVBIBEZLHELED, RYVITILNEDEE, RADORFEEZRMRL TS

DOMNMIFEATHS. COZEITDODVWTXHHERAZMASE, BREMDHarrison s Principles of

Internal Medicine @ Lactic Acidosis MIBEIZH TS ERIZCK D E, MBEILBREENER TS

IE7 Y F—2REF, HEERTR, Y3 v /P DORELREOREETE EEOENGEDES

REDBEWEEICHERT DESnH19]. FLEURES FEELGHERRE FLAE BIL20ED

EEBRBEAITHIEE TII—LHEEREE I VNI TERERIEE SIUBEER (—BE

ez, L7 GLETRONS[19]. ARRTE, 2B HOEEREEGTLSLIZ 25 Fl0R

NEEZICEWNT, WINLIFEALBRREEA LRI 2EETEBEOEHAITLEMN o=, FRF

PUBE ENE VBN ERBENTH o122 L L ERBAMT & F— L A0 Gh 212 & B

TTWS. MEBKREIXRKELEY, BRHEEENSUVEBE LTHLONATLS [20, 21, 22].

AD TIIERMHEMNMET L, NEHESNSF>TLD (FFREA 2016) [23]. Ff=, L—H—

FERBEONEHFEZE LTERLIEZYDRXAD ETILTIE, L—Y—ICLHBIEDEEGR

2, RADOABEEALFL, TORICMABARRENALR I DEVSEKRVHELHD[2].

F71-Retinal Oximetry [C& > THRIEDBREEZAE LI=-HRIZLSE, A TIXEREHINE

TI5H, RETHTDHEFBHE (FHER, FS3/4547) WMDDEET, MECEKREME

[FEIREFRAIRTENZEA 88.6£1.9% & 34.1x7.0% T, BHE AMD OEFTIL 100.0+0.0% &
9



50.4%+8.2%TdH Y, ZME A [CHEWTHREAMEDN, JYETLTVWSEHRESNATLS

[24]. F1=Retinal Oximetry [C&>T, BEELBHE AN ORBIEMEEIROBEZEAFMEZFLLERL

AR TIE, BRAMESHEAD BZTEEHREELICEML (0.45+0.19%/%F; p =

0.026) , BELGATIEFERHEE EBITRELDLT S (-0.13£0.03%/4F; p = 0.0002) [25]. fRoREh

OS50t THE, SOMUTIZENTIE, MBARICES TSBERBANEIREELIY LBH

BAMD BEZICEVWTEMERNH D ZEADHN S [25]. BICHEREN &I2, BREAMEDEFH

IREIZOVWTEHFEDZ EMNETIEFY, AMD BETIEHEFESE L BITHADL (-0.29+0.16%/%; p

= 0.065) , fEEEZAATIIEMT 5 (0.12%0.03%/4; p <0.0001) [25]. 80 mdBHZE AMD &

BlE, BEGALY LFHRBRENED 2. 1%E W —AT, BFREN 4. 2%ED> LTS [25].

INoDFEREMSHREMICRIEOBBRRBICOVTERT H L, BHE AD BETE, MECS

WTEAREFFIRDERBAMEDENDLGNE NS Z &K, MRICEVWTERANEESATLVEN

CEEERLTVS. 9L EHRERICETAMRNBMETLTVSZEZTRLTWVS. §MH

D25 ANDAMD EFBHICEVWTEEELABMREZLEREL-ECS, RAFRHAFENRIFFHIEY L

RAPIBREAEMN o=, ChoDERZHRAMNICHNT 5L, RPOILBREENRADREZ

REELTWSAIEEMAHDHEEZ NS,

Tz, RRREIENDLGWES, T LIS MMENEEENH -, SHEITKBEDDRE &

WSEEMNS, RYVTILERANED, SERGMBECIRNETLRENREGFELZRITT S0

BENHS. LT, IHEDEFERRFICERFEOG,N >, RREITTEL, FROHD

KERBOEDEELEZADLENHD. FHICEHL TIE 3 EBICEGF G LA, FEE/ELEY
10



BIED /NS VR (EMESIZHFEWEIL T 5AEEMENH S, BEHEZAV-METIIME E ELITEDT

5T ENRESNTINDI26, 27]. S, MESICHESFEIE/ EILE VEIEDLEDELIZDONT

LRI HODELNHD.
HEam

AR TIFAMDEEFIZE T, BRERABTERSNIEILEVEIEL, TOEXTTERSINSE
BRIGMRPTEML TV -, Fh, HERE/ELEVRBIBEOLREASLoTHEY, BRMEOMBEE
RRBHNMFI SN TND Z ENTRE SN, FREDAERERKB OFXTCARER Z N L -ATPO A%

BAETICDAA S5, ADDREVCERICEERRBOELIERLTLLSAEELHS.

HiEE

E#ECHEEZHY ELEFRAFEFMRHNFZEE BHEIEZRICR(BHBLEY. Fi:
T—2OREKICETSIHNEES T LEFRRFEFMAMBERFHEE ZFHESEBIRICES

BREBLET.
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Background: Glycolytic metabolism is involved in oxidative stress that induces and

progresses aging. In this study, the urinary concentrations of lactate and pyruvate

produced by glycolysis were measured to investigate glycolytic metabolism in age-

related macular degeneration (AMD).

Methods: The subjects were 25 controls, 25 patients with cataract, and 25 patients with

untreated AMD. The concentrations of 4 organic acids (pyruvate, lactate, a-

hydroxybutyrate, B -hydroxybutyrate) and creatinine in the urine sample collected on an

empty stomach were measured.

Results: The pyruvate concentration (ug/mg creatinine, mean * standard deviation) was

highest in the AMD group (6.53 = 3.94), followed by the cataract group (4.16 = 3.74)

and the control group (1.65 =+ 0.85). The lactate concentration was also highest in the

AMD group (11.47 =+ 14.94), followed by the cataract group (6.57 =+ 12.43) and the

control group (1.12% 1.28). There were significant differences among the 3 groups

(pyruvate, p<0.001 and lactate, p=0.009). The concentration of & -hydroxybutyrate was

in the control group (2.00 + 2.72), cataract group (1.30 = 1.37), and AMD group (0. 86

+ 0.96), and the concentration of B -hydroxybutyrate was in the control group (1.21 =+

2.09), cataract group (0.53 =+ 0.48), and AMD group (0.27 = 0.27), which was the
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lowest in the AMD group. The lactate / pyruvate ratio was in the control group (1.1 =+

2.5), cataract group (2.7 &= 6.3), and AMD group (3.8 =+ 6.6), which was highest in the
AMD group.

Conclusions: In the urine of AMD patients, there was an increase in pyruvate and
lactate produced by the reduction of pyruvate. A high rate of lactate / pyruvate

suggests a decrease in ATP production in glycolysis. The suppression of glycolytic

metabolism may be involved in the onset and progression of AMD.
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