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S

E MIBERENEIRD B0%DIEHREZFTND LWV TEY, WAITKHI
AIEDHE (quality of life: QOL) & LR T S® 5, AL RIOEIT, AR
(cornea), HiFE (anterior chamber), 7K&&fA& (lens), AEF-{4 (vitreous body) % #%T
HANE (retina) (Z20EE L MO (photoreceptor cell) (23U CTHD S IRENE
NS ZE R S L, MEBARRE AR (retinal ganglion cell) &4 L CIEE BN AN~
FansZ ETCHREE L TRESND (Fig 1), Lo THEBIXEHEZEL8E &
LCHFICEETHY . ZOOMEIRAENER BITRKIFIZ S0 5 HERRAT
8 %o HENEZS PR RN T I R R B 0D 28 1 A RE & 3 2 R INBRE S, tRL M
DEEVEZ R & T 2 AR VIR CINER S BE A MEIE 22 E3 D 5, HARANIZE
D FaREBRE & LT, LA BIEIZ KRB (21.0%), HERFEHEEIE (15.6%).
MM AR A ME (12.0%), NNIEHEEEEZE (9.5%), WRASHENEEEE (8.4%) & 725 Ths
D, TNOHLETHMEBEEEEETHD (1),

Sclera

Vitreous body /
Iris

Retinal ganglion cells

S Amacrine cells

Bipolar cells

Anterior chamber .
o]  Horizontal cells

Macula . ; NRNAEA ]» Photoreceptor cells
Retina ) I

4| Pigment epithelium
Bruch's membrane
Choroid

Fig. 1 Structure of the eye and retina.
https://www.researchgate.net/figure/Structure-of-the-human-eye-and-organization-of-the-retina_273
552361 LV —#BekZE L ChHl



kP AR R BT DM A R & T 5, BUE, NI 2 =87

(CHEDWME—FEERIBFEITIREZ TR EL 2L TH Y, IRE MK
PHE—DIRFIRE 72D (2, LovL72nd s, HRIE TREIRIC X 218 HITRAN RO
ITIHIOHRTH D, Fio, EFRERNEZEZD, RETEN+STHDIZH
D BT FRNBEOEITIHI L AR WEIRHRE S TWD (), — . #
M€, 3R 25 MR RE S ZE A N i S B 28 MEE I XA D B M & R & 375, MR R
ZEVEREN IIMESE L 72 VRRIED o <L AT ZE S 272D DOIRFRIE L L T oK
PERTED & SLCHIRE N SN T D ORBIRTH D (4), I HBEEVEE 13
A& FHERD 2 DD Z A TRdH Y | BHRIT OV TR E e &8 A 23 FUA
T D - OPUME N E5IIR - (vascular endothelial growth factor: VEGF) ik
([ZEDIEPFEDPIT O TOD A, FERRUCHOWN TR, BUED & Z AIRIERZEZ
Db DITKET DIBF BTN SN2 b DIE <, TRRMEBIE I 2R E L, [H
BRICHEREME B A M ERAHERE SN TV D (B), 2D X )1, HEEZEMEREBICK
U TR T2 2 L | MRS £ 7 LB 2 O 7Rl R O Sz
R REOENEH O & D HEREMERBI B OFMALETH Y . I B ITIKAIBHF
ZITHEIEAREED S LR DN KETH L LB BND,



L P 7 LI, MRS oREEET L -2 L o Th,
N-methyl-D-aspartate (NMDA) # ¥l % 7 /L, KIE AR M EERE T L.
FEDBLGTWEIZLAFANEET N EZBOET AN NE TEREINT
W5, NMDA #ERMEEIEEET L~ U AT, FHEAMEETH D ROLEMHEICE
NTWD RN FRNIEIZ 31T 2 IS ek 6 A0 e o> 251 O B - i BH Mo OVt e
EOHIEIILS BN TN D (6,7), T ORFfiTikE LT, NMDA #5—E
HIBIZIZB W T U R A RHIE S, ARERZ i 1 L I & fn i s o &
O\WHREIRJE  (Inner plexifom complex: IPL) JED D 281225 5 DR — K TH 5,
—Ji. TR, AETEEEMEEABECEDLTA A A=V U THIRTH DT
Wikt (Optical coherence tomography: OCT, Fig. 2) (2 X %~ 7 AN 4 i
AR AR (Ganglion cell complex: GCC; MEApiiRMESE . FhReETMACE, WiE
WIE) JEORHETIED S S (8) LA L, ~ 7 AMIKD OCT Mg & ik
FEARIZIIT 5 GCC IEDRERF Z2AHBARIMR IC S W T F il s TR 677, 7
iR DFESLITIZ L O MR DML TH D,

@y GCC (RNFL+GCL+IPL)
B INL
ONL

Fig. 2 Machine of optical coherence tomography (OCT) and tomogram of retina.
http://www.nidek.co.jp/products/ophthalmology/diagnosis_list/oct/rs-3000lite.html,
http://www.topcon.co.jp/eyecare/products/diagnostic/oct/3DOCT-2000_J.html L ¥ ckZE 5] H



Fro. MEBEAMREICIN T, EREMEALITIRMIN TH D720, Rtk
EERZA T 2 AR S OB N 2N TWD, £ OMRIREE
AR S DRI RO —D L LT, 7nkFrnEifohd, /1
vF N, 7 FF T DORE (Gardenia jasminoides Ellis, Fig. 3A) <°% 7 7 > D
L X (Crocus sativus L., Fig. 3B) |Z& £45 RIKDFEK T, v T /A KD
—HThs, LrL, REWRIeT /A RIZHLT, Z7etFriisFrEn
NS FEREOA T ) A NFIEEETHLOIZX L, 7T idm
RUGER TN BAKRPED N AR F NV LB 2R T2 L, tholnm
>

pal
A REITRR > HEa+ 5 (Fig. 3C), ZubvF U NEGEND 7 FF
A

FATERLE L TREFIHENTE TBY . ZoHIAOEMITEF %

A

Fig. 3 Gardenia jasminoides Ellis (A), Crocus sativus L. (B) and chemical structure of
crocetin (C).

(A) www.shigei.or.jp/herbgarden/album_kutinasi.html,

(B) www.ohsugi-kanpo.co.jp/html/s3_4.html XV Zn 5| H



FonsZ & s vt F 3B ERICE W TRIBEOUEEM (9). iA%k
YEF (10). $19 SfEA (11) &7 L. b Mt e L=RBRICHB W THEROZE O
EEH (12) 2733 2 L bR ~OIEMZ 777 2 & 350 < R E 4
TS, MEIIREAFLHNTTPRMRICSEINATEY . DAITHBEICH LT
MIEPOIEREZKIETZ DR TREIND, IERIERRFZIEMH R E IR
WTC, BB E B AMERE T T W 5 7 vt T v OGMIRAREVE R 23
Lz S (13), MEEEIT 5 7 v F o omitEmmbgs s LTo
AREME A RR T D10, SORIMFDBRLETH D,

—J7, R U7e K 9 T HE e FR 28 MESE M ONZERA TN fls 26 BIEZS PHRIE 1S 3 TR
feSE L72iBiER 72 < . BEREMEMIBI & B ISR ST 2, STk iE &
BT HHEREMEMBI AN T, DONRKRMEOWE L L ThL=F > (Fig. 4) NET
Hivde AN=F L RO BIBLICLEOWE TH DM, R T U0
WARR DX —& LTHHAbIL, MW THIRENREEIZ R LT
LEEZOND, IN=F PO BN TIREEH 23T 5720
W2, SR E TR R DMASMCFIET D IV =F L E WMV IAE 2T
(X7 57200, TV =F 3 OGN F@C

£ S B B BUKPED |, S ]
P - - N\)\/COZ

W TH Y | MK A T 5 T 3 H30/ |
DM B ETh S L&D CHj
NWAHN, EOLHICHAIIZELY Fig. 4 Chemical structure of L-carnitine.
AFENDDOPIFIHHLIZ I TR0,

ZOXOBERND, AWIETIE, 9% 1 L LT, vV AMEKESFET
VORI RRESE &R L LT, AX L 2 BERTE T4 T4 A—
DU HINTH D OCT 2 W T~ v ZAMEfEE IR 1T DA A — 2 7 %AT



ST, WITH 2 L LT, ~ U AMEBEREE £ 7 VIS0 D HEREMEA B £ bn O A
Jee LT, U AMREE ST 507 ) A NEZ vt F o oL 81 1 H]
AR L7, mAIRICHE 3 BEE LT, = U AMIROHRERT OBLE D, v TR

MR &2 IO Tl by =F iSRRI S WD TR 21T - 72,



F1E o~ U AR T T VORGSR & RE AR
9 LE S

St Tl fEEE (Optical coherence tomography: OCT) 1., Y652 E i St
D—2Th D, OCT IFFHELZMWIEEMRTTH Y . ZDOIPITITRFITESR
AR LTV, IRBMEEIC IS W THEORIEZ F1 5 72012, £z, DIERHE Y
FEIRIZ BV CRBINROARRE A F1 5 72012, OCT IXBEICEERHYS TEA Z T
% . Spectral domain (SD)-OCT [T FE SN/ TH v . 7€k OCT 1% 1 [H]
DAF ¥ NZBWTHRI F MO 1 S OHOFEHR LSS RNOIZH LT,
SD-OCT (% 1 [BID A ¥ > TR S A DA TDIEMDITF H AL D 723 s iR 23
AREL R oTz, TUTK Y A%y URFOEI 2 EEMRY LT 52 L

AFxry
Ak
\ Line scan Radial scan Circular scan | Volumetric scan
B#mond
Efg
—HOOCTI BEE EfLI-OCTH B E &
(ZXITER)
| BOESERIT

Fig. 5. How to obtain OCT images.
http://www.med.teikyo-u.ac.jp/~ortho/med/dis/dis2/oct.htm,
http://www.retinalphysician.com/articleviewer.aspx?articlelD=107029 X v ez 5| H



TRYRI N ) A X%WO LT EARBER ZFRTE 2 K512k b JHRE
HICHEBIERE D AL 2 F28L L7 (14), MEIEICE T 2 SD-OCT D g B DR
(21X, line, radial, circular }2 OF volumetric A % v > 72 E D F1EN H 5, Line, radial
KO circular 23 ¥ 2 KD OCT Wrimilifg 4. volumetric 2% v (28D
volumetric OCT [Eif§ & HifF 95 Z & 23 CTX %, Volumetric OCT {4 1% =k s i{5
THY., TOZRICEBICEBWTHEOEORE S Z/EST S5 LTRSS~y
BHBRZ/LENTED, BES~y TEIREITIRESON T —A A=V HNEIRE
HBRICRH LD THY , BS~ v ZTHBRIZIS W THEMEETE 1T 2 #EE -
DALEIZ L DR EDENDPIREND, [Al—Dt MIBWTHEDE S~ v 7
B2 REFIICED 2 L2k MEIRIRE Lo EOGHTDOR SR LIzDh%E
WRAHIET D Z LN T& 5 (Fig. 5),

Frim ChiR N7 X 912, #NEIL A ARICE T 2 P@RKEHAEROF (L TH D,
RN BREIZ 31T 2 i O R0 S AR R E A (Retinal ganglion cell: RGC) @K
HTHY | RGC KN K ~L DA% (15), RGC FEITHE © 72K 12 & - THE
B, 2oflE LTHEMERT I VBRZET N5, MEE ST PR RIC
BWT, BEMET I VBO—FEThH D7 NV I U ERIT B 7 B AR EY)
HD—>THD, N-Methyl-D-aspartate (NMDA) ZZHRIT 7 N H I U ERZRIKD
—HTH Y, MEEIZFBVT, NMDA Z 2RO T 72 ISk B A 5] =
£ 29 (16, 17), NMDA D ANE G- 13 RGC DX 4 FERAVIZFHER L. Wil
Wi (IPL) 2 SE5ZE08mb5nTV5 (18),

UTAE, B 58 SD-OCT % VT NMDA B TN 5% D~ w7 A fEIEIZ F 1
THAE DR S O b2 L7z (8), 1% 5 1% radial & T circular A % ¢ 12 &
» <~ 7 2 NMDA 3RS £ 7 VIR D HIENE ORBIRA A=Y 7%
fifesz L7z, L7» L. OCT #ifg & #FREEAIZ I 1T % GCC IR Dty 72 AH BIBEFR 1T



DWTII TR S TR,

Z 2T, RETIT~ U X2 NMDA #EFEMIEIEE £ 7 /L2 T SD-OCT Z v
T. volumetric 2%+ > 4% Z & T volumetric OCT Hif§ (=R THEfg) %15 C.
FREEET IO SR (GCC: MBI ARAE R . #hRtEififafE. NERE) B~ v 7
Hfg 2 FR L. NMDA #5.% @ OCT ilifg & MR AEAIZ I 1T 5 GCC EDAHE %
PERFHIICA % Z & T GCC &~ » 7' Hiig DA ML 2 fat L7z,



% 2 #i SEBAMEE KR Ok
2-1  FEBRAMEL

AREBRIHNTZHY K ORFET, LT oY Th D,

N-Methyl-D-aspartate (NMDA) (& Sigma-Aldrich (St Louis, MO, USA), isoflurane
I% Nissan Kagaku (Tokyo, Japan), /X7 745/L. A7 /L7 & RiE Wako (Osaka, Japan),
~ 2 kLB S —/1(d Nacalai Tesque (Kyoto, Japan)., & 2 L % Kishida Chemical
(Osaka, Japan), X7 77 ¢ % Sakura Finetechnical (Tokyo, Japan), ~~ h &1 >
W, =AY kiE Sigma-Aldrich (St. Louis, MO, USA), 7 % v ki O.Kindler
(Freiburg, Germany), L R7 %4 NIk (7 78> +®)., brEs I K-
7=V 7 U UHERBESIRE (X RY PO, e 7 re g N Y U AR

ik (7 LA »®) X Santen Pharmaceutical (Osaka, Japan) £ v E&EA L7-,

2-2 FEERITIE

2-2-1 FEEREW

8 WHEEMEIEIL AR FR ddY v A%, AR Az /L 3 —pRkA a4t (Shizuoka,
Japan) K VHEA L7z, AR CTHWET X ToO~r X%, TR : 23C (FF
#iPH : 20-26°C). ®EMEL : 55% (RFA#uP : 40-70%), HIWE4 12 Wef (P -
FHT 8 1 00~/F1% 8 : 00) (ZHERF S Tl RAERL R OBMEF T RIZ T, 7T A
F v 7 Blr— (Mt 245X K5 175X & & 125 cm) & HV, B HBKAK FIZEFE
Bl (CE-2; CLEA Japan, Tokyo, Japan) (ZCHHE L7z, FEERZIT I ITHT--> T,
IRz BB R FE R F - B ERZE B S T ERKGE R 21TV AP %
- BT LT,

10



2-2-2 NMDA #E%~ 7 A MR E €7 L

~ 7 A % 3% isoflurane (30% Oz, 70% N20) Rl FIZEER A IZEE LT, £ D%,
JiRI % 1.5% isoflurane THERF L7z, 2 E1Z 33G &% H VT NMDA 5 nmol (2.5 mM,
2 ub) Z AR LY ~ v AR T ARNICER G2 2 L1 X0 M E & 5
72, NMDA #5%, RY%EBF<dIc LR 7 a x4 o v SRl & 1 S0
RLE L7z, NMDA $¢5-1, 3, 7 H XDV » A#IZ OCT S & OHRERGHY L
72. F7=. Sham (PBS) #fMN OVEEALIERE (Sham BEOHMAIIR) 1%, 1 7 AZICIREKR
L7z,

2-2-3 SD-OCT MHif4
2-2-3-1 SD-OCT [ Huf%

VAN RNV E S —L 80 mglkg A RENENE G- Lo, RIRFIC RS
KeTZ7xz=U7 ) UHEREAIRKZ 5 pl SIR UEE 7=, ARREICERIT 2 RN
JEDJRHTZ W L TR RN Y22 KIS 272D, IN—HT R %E A
BFEIZH TR o7, FRFIC, AREZRET D70ICE e T ve g Y oL
RIRE Z RIR LTz, ~ 7 AEHE O IR TR ALIEZ H.0 & LT volumetric
1 um SD-OCT {4 % Hufs L 7=, SD-OCT IXHij K2 Computational Optics Group
[ZCHREZ Lz, 2@ SD-OCT 1% 1020 nm @ .0 & & TF 100 nm D% & R
HPREHNT, AF Y VHEILA ATy RN 1Y 720 92,000 £ TH Y | FEE
T D FREDS 4.4 pm, AKET7 M D5 fiFREDS 5.5 um (BIFHE) Td 5, 1500 A A
XYL TBAFY U 1AL, 128 B A% v 345 Z & T volumetric OCT
B A ER L7z, - F U volumetric OCT Hif4|% 1500 X 128 D A A % ¥ THERL
INTWD, BONTEEBIZEBNTANYy 7V ) 4 XEHT DIV E S B

A X X VEG AT LTz, 5547 volumetric OCT &1 XARJE | D 500500 um

11



OFPAIZHY 45, 4% volumetric OCT Ef&EUSHFEIX 22 W TH 5,

2-2-3-2  SD-OCT [HiffifAr

7 L7~ GNU Image Manipulation Program (GIMP; http://www.gimp.org/) ~ 7
a2 FHWTEFUCHRE & &21T9 2 & T, GCC B~ v VR AFR L7z, 5T
— G ENERE (ILM) S AEROMIC, &5~ 2WiEiRE (IPL) & WERE
(INL) OfIZEIW Tz, 2 b D 2 DOFRO M O Bl 2 MR EiE 51K (GCC)
& LTHH L7z, Volumetric OCT Mg D4 {235\ TR & 21TV, GCC &

I U TR 7 —%EF 0 ¥ THZ &L TGCCE~ v THEGZERL L7 (Fig. 6),

GCC
(RNFL+GCL+IPL)
INL,

GCCE

Volumetric OCTEI{E®D
BEE TRRICLEL.
GCCET Y TEGZ 1R

Fig. 6. How to make GCC map images.

GCC: ganglion cell complex, RNFL: retinal nerve fiber layer, GCL: ganglion cell layer, IPL: inner
plexiform layer, INL: inner nuclear layer, ONL: outer nuclear layer.

W L7= image ¥ 7 b (National Institute of Health, MD, USA) % T,
volumetric OCT M7 b Bl LI 2 ol & L7248 300 um D & o)
OCT ¥ it 2 /RS U 7o dEARAMSE DB O L~z TR 7 — 2 & D
YT7z, Imaged V7 M & HWT OCT Eif% EofdEE, GCCJE. INL &, ONL
J& OO IR 2 I7E L e 300 um O JE OFE S (2 x 300m um) CTEREEEID = &
THBOREIZHM LT,

12



2-2-4 AT

2-2-4-1  HERRRRE ST AT AR O R 1R

~ U AZGME I LV ZEE S, IREREZRH L, 4%/ T RV LAT LT
K& 4 0.1 M phosphate buffer (PB) (pH 7.4) % 2 pl A 1A 5- L, RRIC T 4C
T3 HBEE LTz, D\ TT70% — & J—/L 2 K], 900%= % / —/L 2 IFi, 95%
T ) —/v 2§, 9% %/ —/L 12 FEfH], MK & ) — v 2 R[] X2 [|], %
TLv 2 FEEIX2 |, F b 12 R, @R NT T 0 v 2 IEE X2 [ DJIEIC
1% SH T, D%, NT 7 4 AT TIREKZGM L, 7 1 h—2 (Leica, Tokyo,
Japan) ZH\WTC, 5 um OEIFEZERIL, A7 A K277 X (Matsunami, Osaka,

Japan) (ZHEAF L C37CICC—HZE L, =|RITTRF LT,

2-2-4-2 ~wRXUU Y- UGE

NI T4 VERIE, FULCRLTRT 7 0 U EEE LT, DWW TR
PIC=® ) —VIREZ T 7RICIR L, RREKIGRE LTZHZ, ~~ h¥T )
VHRIZ 2 3fEl. =AY RIS 5 IR LT, BEERIIC = # 2 — LTk L, F
VL UTHEMLAA Ty FEAWTE AL,

2-2-4-3  AHAEETAM

MRS E DR IL, ~~ bF )y - oA @ LEAE W, &5
YT MO E U AAREICHI L, SRR FLEA L2 D 300 pm DAZEIZ ST
% GCC J&% Image J % AW CHIE L7z,

2-2-5 MEHFROMENT

13



FRAAE T I EARHERR A TR LT, BERHFRYZRELEZIT. Stat View (SAS
institute, Cary, NC, USA) % F\ T Student’s t-test & %\ Z Dunnett’s test (Z L D 1T
o7z, THBIMEHTIX Pearson DFEBIREA KD D Z & TITo 70, fERREEDY 5 %A
EAEAAY L LI,

14



5 3 H FEBRARE
3-1 OCT Hif%

Fig. 7A [ZAHMFZE CHVNZ SD-OCT V' AT L& /R"T, 2D OCT ¥ AT A% Hn
T Fig. 7B 127”9 K 9 72 OCT EiE #1572 (a c, e HRJEM, b, d, f: HEIEWTEE),
Fig. 7B @™ a, b I OCT Wrf@imifg, c, d 1Tk Fmzrnd Ky 77—, e, f
(XMEREDA A=V 7 apRT Ry 77 —igEE & Z7R~3, OCT HgIZHB

THAFRREFLEA K O JE 2 Bl g2 S hu7e (Fig. 7C, D),

100 pm

OCT: Logarithmic  Bi-directional Power of Doppler:
intensity Doppler: Squared Doppler
Doppler phase shift phase shift

RNFL+GCL+IPL
INL

Fig. 7. System of optical coherence tomography (OCT).

Method for measuring OCT (A). OCT images scanned by a volumetric method and Doppler images
(B). Cross-sectional images and fundus images are shown in OCT logarithmic intensity (a, b),
bi-directional Doppler (c, d), power of Doppler (e, f). An optic nerve disc (C) and retinal layers (D)
in an OCT image. Scale bar indicates 100 um. RNFL: retinal nerve fiber layer, GCL: ganglion cell

layer, IPL: inner plexiform layer, INL: inner nuclear layer, ONL: outer nuclear layer.

15



32 GCCE~v
~ 7 A2 NMDA Zm1ENiES5- L, =D 1, 3, 7 HEO1 » A2 OCT A

A= T BT 512, 155472 volumetric OCT [Eif4 7> 5 GCC B~ v 7§ & {F
L L7= (Fig. 8), GCC J&~ v 7% GCC R DIFHLAFHI 722k %/~ LTz, GCC J&
~ v FIZBWT, GCC JEITMALERE (GCC JED - : 64.8 um) S ONEEERE G-
(62.9 um) & thEZ LT, NMDA #45:-1 H#&IZEL<L 720 (98.0 pm), D% 3 HH
26 1y AR TREIMRAFEOICHE S 72 o 72 (3 H%:52.7 um. 7 H1%:51.6 um,

1% At : 41.5 um),

Fundus
imagings

Gee
thickness
maps =
Normal \ehicle 1 day 3 days 7 days 1 month
NMDA

140 pm . -Opm

Fig. 8. Ganglion cell complex (GCC) thickness maps.

Representative fundus images and GCC thickness maps of normal, vehicle-treated, and
NMDA-injected mice 1, 3, 7 days and 1 month after NMDA injection. The fundus images and GCC
thickness maps were made from volumetric OCT images. In the GCC thickness maps, pseudo-colors
are assigned according to different thicknesses of the GCC. Low quantitative areas were excluded

(140 um from the center of optic nerve disc). Scale bar indicates 100 pm.

16



3-3 OCT Wi mifg 2 ds1) % iE R ffpT

PR ALEA 2 oy & L7248 300 um oM JE EoMEE OCT WiE ik %
volumetric OCT 7 & F-& Rk L7 (Fig. 9). OCT Wi\ T, GCC &,
INL &, ONL /&, KOV X, NMDA $¢5- 1 H# (28 L7z (Fig. 10A-D),
NMDA $:5-7 A& KON L » A#IZH\ T GCC JEIZA BT L7223, INL &,
ONL /£, BRI Lo~ 7= (Fig. 10A-D), OCT Hi#(Z331F 5 GCC JED
ERT —F OIEMEMEZ MR T 572012, NMDA &5IC KD ZDIE SN L722
W2 ETHBNTWD (FENEZ D1 H#E%ZFR<) ONL/ETGCCEAE 5 =
& T GCC/ONL bz H L7-, GCC/ONL k¥, F£72, NMDA #5450 3 B 5 1
r AR NT TR LTz,

17



GCC
Normal =5 oL
Vehicle
1 day

NMDA

Low reflection _ . High reflection

Fig. 9. Circle cross-sectional OCT images.

Representative circle cross-sectional OCT images, which were made from the volumetric OCT
images. An image of a circle with a radius of 300 um from the center of optic nerve disc (A).
Representative cross-sectional OCT images on the circle with a radius of 300 um from the center of
optic nerve disc (B). Pseudo-colors are assigned according to different levels of reflection of a
far-red light source. Scale bar indicates 100 pum. GCC: ganglion cell complex, INL: inner nuclear

layer, ONL: outer nuclear layer.

18



A = 350 B — 120
= * 3k g * %
= 3008 Z 100
[%]
@A o
o BT o O sof
= O =
= 200 o
2 S eo} ¥ okx
= 150 @
S 100 2 4o
g= -2
U 3 2 20F
a7 =
A e H O
Normal Vehicle 1day 3 days 7days 1 month Normal Vehicle 1day 3days 7days 1month
NMDA NMDA
C = so D = 120¢
g T g x
p—
E aob % 100
& L o %r
4 30 - .
© o 60f
@ 5 @
I¥) 20F 7]
£ v 40
=210 g 20b
E =
0 N
Normal Vehicle 1day 3 days 7days 1 month Normal Vehicle 1day 3days 7days 1month
NMDA NMDA
E 14
1.2
2 %
o dk kok
= 08
o
O 0.6
O
0.4
0.2

0 .
NormalVehicle 1day 3days 7days 1 month
NMDA

Fig. 10. Quantitative analysis of circle cross-sectional OCT images.

Thickness of the retina (A), ganglion cell complex (GCC) (B), inner nuclear layer (INL) (C), and
outer nuclear layer (ONL) (D). The GCC/ONL ratio (E). Data are shown as the mean = S.E.M. (n =
4 or 5). 'p < 0.05, “p < 0.01 versus vehicle group (Dunnett’s test).
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3-4  HEMRAENT

MBS 2~~~ h¥ 2 U v« =AU L, SR OERIO AN
W CHRAREFLEAE O F0 0 5 300 pm D AT GCC /&, INL JZ, ONL /& K& V2
JRARIE LT, ARREIR 1T H 1T 2 MRS Jd O MIENLE L, OCT e g2 3 ()
LHIENLE & —B S E 7, GCC IR T MR 57 Ll L T NMDA #5- 1 H 1% THY
I 2Mm 4, 3 FRICITEAD T 24~ L. NMDA #4557 A% K&K » A
BIZBWTTITAEEICED L= (Fig. 11),

20
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Normal | Vehicle 1 day 3 days | 7 days 1 month
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_ Czg
B = 2s0¢ g
= 60
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O <ob
4 200 0 S0F__1
2 < O 40l
g 150 oo A xx KX
<= 100} A
= E 20f
g 0 S 10}
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Fig. 11. Histological analysis.

Representative retinal cross-sections of normal, vehicle-treated, and NMDA-injected mouse eyes 1,
3, 7 days and 1 month after NMDA injection (A). Thickness of the retina (B), ganglion cell complex
(GCC) (C), inner nuclear layer (INL) (D), and outer nuclear layer (ONL) (E). The GCC/ONL ratio
(F). Data are shown as the mean + S.E.M. (n =4 or 5). "p < 0.05, "p < 0.01 versus vehicle group
(Dunnett’s test). Scale bar indicates 30 um.
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3-5 OCT Wrjg i &k OMREEAIZ BT 5 GCC JEDFHE

OCT Wrj& g THIE L 7= GCC IRzt FMIEA CTHIE L7z GCC JE &£
iz &0, GCCIEE 7 ry h95Z LT, OCT W@ & MfkiZ A GCC )&
OB ZFH~7- (Fig. 12), OCT Wrig BRIz THIE L 7= GCC JRITAHMIEAIZ

BWTHIE L7 GCC JE & mWWHBd %~ L7z (r=0.81, P <0.001),

E
S BT y-12151x+ 14839
. r=0.81 A
O 100 P
o
c @ Normal
Q {0 F
= M Vehicle
)
% 60 F A1 day
O X 3 days
E 40 F
n X 7 days
¥ ]
= » 1 month
ﬁ 20 F
2
=
H 0 [ i L J

0 20 40 60 80

Thickness measured on histological section (um)

Fig. 12. Pearson’s correlation analysis.
Correlation between the ganglion cell complex (GCC) thickness measured on SD-OCT images and

the thickness measured using histological sections. n = 29, r = 0.81, p < 0.001.
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Ha B

AREIZFENT, ¥ % NMDA i FEfEIEREE £ 7 L2 VT GCC JE~ » 7
B KO OCT Wilgmifg A E L, AET/MIZEKIT D GCC B~ v 7 OF MM %
L7,

NMDA #F MM =T 7 23T 5 SD-OCT IZ L A EMIA A —2 0 71,
71T Nakano 512 X 0 @& ST b (8), % radial K OF circular 5T A %
¥ L, TV RARA L FTHS NMDA 5 14 A% THERGY A & OFEBHED B
5T TR o 7o, ZHUSHE L CLOARNFZE Tl % volumetric A % % > L . volumetric
OCT Witg %#457-, £7=. < ® volumetric OCT [Ef§7>5 ., GCC JE~ v F g K
BIARRRFLER ) & — EEHE > OCT Wijgmifg 2 /E8L U 7=, OCT Wrfi i {5 K ONHE A%
BRICRIT D ERET — #1280 GCC JZidL NMDA 5 5 RRHKAFRIIC LT 5
ZEMIRENTZ, AlElL 5 nmolleye ® NMDA #5- 1 A % \CHEIEE AN HE 0 L 7=,
17512 2.5 nmol/eye @ NMDA fH AN 512 L U NMDA % 5-1 H12 2B\ T
PRI OIRIENE Z 0 | fEIENEL oz b ffiE STV D (19), £72. NMDA
EFF/LTOCTIC L DEMAIA A — 0 7 % HEST LT Nakano & & OCT [Eifg K Y
FHARES O #1230 T 20 nmolleye D NMDA S AN 5 1 H 1% I EE O
Bzt LT D (8)s AWFFEIZI51T 5 NMDA #2-5- 1 H 1 O HENRIE DN %
INHOWMEORE L —HBY |, MEEOHEINIFEIILD Z ENEIBND,
F o, RHFROMBERIZI T 2 MEEZ L OCT Wi Eigic 1T 2MRE L v b
FIEDR/ NS o l2 2 & AR LTz, 2 OEW IR A 2 (R4 2 @ ic B
WT, BARSLEAEINZ 2 TREAS D, U X0 EEEROZEN K Z -7 n
REMER B X BID, AL, OCT Wrld it o J5 A3 R AL RN OREIEIE D254,
LD IEREICKM L CWAAREENREZ 6D,

NMDA #5-3 B2 6 1 » HRRIZH)T TH B L5 GCC RO 1T, kD2
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PEZ 7R LTV 5, NMDA 1, FIC GCL IZTF(ET 2 Mt &l & GCL & INL
T DT~ 7V Ul e B S5, 2D OB ORRRIRME T, M
PRARAERE (RNFL) & IPL Z#§pK L T\ 5, &> T, NMDA X RNFL, GCL KT}
IPL22572% GCC DIES ZJD S ¥ 25, 2 b O bITHEMRE K & OCT Wil
%. GCC JE~ v 7lfg et b, MifkmiEg s OCT WrlgmifiZiunT
GCC JZI1ZHHBI L 7=, NMDA #:5.% 0 OCT W7)@ mhifg I ORI 2123517 5 GCC
JEDZEAL & WEHEIC I MBI EOmE & —H L7 (8),

AWFFEIZ IV TGCCIEIXOCTWI E G 2 F51T 2 GCCOfifE %, % DOCTWr)E
BRIV THREBEICR L TREFmOR S THIL Z L TRIFLTWS, —J7,
REAR I 5 C AR FLEE O H L 2 B — B FEBEED 28 D 7T L 2NIE L TV 720,
ZIHIZ. GCCIE D E #IFOCTWIE mif4 12 35 15 2 Mt o 7 ASHEARIEIHER 2 351 %
fEfT &l LT, KVIEETH D L E R D, EHIZ, GCCR~ v Vg & EEIT
FHN=OCTIT e i 4 1 & [7]— o> volumetric OCTE4 2> HAERL L /=72, GCC/E~ v
THEBRIZF T HGCCIEIL, OCTHIEEIRIZH T HGCCRE LR —Th D, L
> T, GCCE~ v VHHGIZEB W T/RSNHGCCCIRIL, MfkEBIZIH W THIE S
NHGCCELV L LV IEMTHDL EBXLND,

B & O T, ~ U AGRIRE 7 L R OBmM3biBIE T/ v 7 T U
M~ T ZRZBNTENENEHEBE ~ » 7 L GCCE~ v T HG DFR S S
T2 (20,21), 4 lEl, NMDAFEFMENIEES £ 7 /LIZHBV TGCCIE~ v 7 Hifg
RO THER L7z, A HN7GCCIE~ v T HRIZ B W TR OGHTIC X 5
GCCEDEWMNBILZ I N, BARRGIZHE W CIIMESEE DR S~ v 7 H#
PRENBEOTRIEZ R T 272 DICHV SR TRY . £, HEFOXKBITHOH
IRAPRARHERE DJE S O KIBE BT 5 Z ERWES TN D (22,23), L72ad-

T. GCCE~ v 7HBEZHAWD Z LI12L Y., NMDAIZ X H5MEDGATIC L 5
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WERGITHRHT S 2 ENTE L2 L0, AET L2 MW THRBEZEMEEERD
TRREECRIZE A & e D LB 2+ 2 ECAERATH L EEZLND,

AWFFEDOIRS & LT, BRFAOOCTIC & 5 HAl TIIMm R oM F Tl
TET, MREEITETE 2N EnNET 6D, 5H%OOCTOMMEE M E
ARY ST AW

LIk, OCTZHWTGCCE~ v 7 Hifg 2Rl 2 Z Lid, ERIY~ 7 XK
EEORMICAEATH L Z LRI, AETIXZOL )T, vV A
[EEETNDTA TA A=V U TN D5MIR A MEST LTz, R CIIMER ek
TR OBLEN S, ~ U AMEEEICT L2 w7 /A a7 nkeF o0
HAEE R IZ OV TR LT,
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2 E vUAMEREEET MBI LR T A NEZ vt TF o OEL I
TEH]
LN s

AR B ARIZB W CTHIREARK O (L Th v | BRI 7N &
fi (RGC) D XAAITAINIED Il L7 TH D (15), RGCIFL DX Dl Y
ML TH Y | FEWNBEIZIS 1T 2 RGC ORBUITITT N F—v ANEE$ 5 Z &3
HHNTWD (24), MEHIIEAEIZ I N-methyl-D-aspartate (NMDA) 52 24K 0 i
RSB E L D D 2 LA 1 BT, 2 ORI AR AN~
Ca*DIMAZ B Z L, TN H ZAR—F & DIV o ZiEMEAL LA RN ST
~ED7RIR D (18, 25),

FEm Thi 7z X 512, BAEICB W THERT SN TV 5 OIIRIE T
AR E LTEEF DR TH Y | P IRGETE M & A 3 2 Ao e M B) 22 dh D B
RNERIN TN D, MRREEH O RIA L oMM MmO —> & LT,
rutFUnEFHND, ZuEF ARl NETIC, A CMER (26), 7T H
— LPEBMREEALENHRIEN (27), A > AU AARBUESCEEN (28) 78 S L FEL AR
ERNHE SN TEY, BERICEWCHRIEBOUEER (9). PiRL/EA
(10). # 5> >1EM (11) ZRL T 5, IRICBW TIRIRMTOSEEM (29). IR
FIEDIHIER (30) BRI TIRY | S b ITIERIER K FIAN AT AT 82 D
WEOREICE D &, MEKEMIET T VICB N TZ ateF i, ST
P R OB REUGEER (13) 2 L7z, L Lt b, Ml EICR T 5
7 aF o OBRIEMBIES E L TORREM AR T 2720103, &6 5K
ABBETH D,

EDIET T ASORAZEIZBNT, —fRIRB-I R T RN T A 7R Lk

TN A0 R SISO T ) A NIZth LT, ZatvF i3 REH 20 Okt
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WHYNS 203 FTH Y BRI SN D Z ERMBATND (31, 32),
NZB T L7 atF o OENBEBOMFHIB W THRKRORRP/FLNTEY
(33). ARG THREZ RTINS D,

T ZTAMIRICB N T, & bRLMEREE T T L~ 7 i T OEHORK
MEARE LT, FLETOMHEH LIERNEET LO—2EEX 6N TWNDS
N-methyl-D-aspartate (NMDA) # 3 EfEEET L2 HW\W T, ZetF oo

B G X D FODHEEH 2 B L7z
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o5 2 8 FEAE R OUTE
2-1 BB

AREBUIZHNTZEY) K OGEIL, ITO®E) Th o,

N-Methyl-D-aspartate (NMDA) (& Sigma-Aldrich (St Louis, MO, USA). isoflurane
IZ Nissan Kagaku (Tokyo, Japan), /X7 7R/L.A7 /L7 & Rid Wako (Osaka, Japan).,
& L % Kishida Chemical (Osaka, Japan), 737 7 ¢ >/ % Sakura Finetechnical
(Tokyo, Japan), ~~ h¥ U &, =74 T ¥R Sigma-Aldrich  (St. Louis, MO,
USA), 41 % > ~iE O.Kindler (Freiburg, Germany), L' 7R 7 1 &4 o flRiKR (7
FEY R®, brEHII RN 7= 7 U UHERRESIRE (X RV > P®), kR
erva gt U D AR (B 7 LA >®) (X Santen Pharmaceutical (Osaka,
Japan) K VEEA L=, 7 vt F U 38pie # I URREEHE (Tokyo, Japan) 75
fith i,

2-2 KBRITIk
2-2-1 FEFREWY

8 WHEEMEIEIL AR FR ddY w7 A%, AR A=) —pRA 4 (Shizuoka,
Japan) K VHEA L7z, ARBRCTHWET X To~r R T, FHEHE : 23C (FF
#iPH : 20-26°C). ®EMEL : 55% (RFA#uP : 40-70%), HIWE4 12 Wef (P -
FHT 8 1 00~/F1% 8 : 00) (ZHERF S Tl RAERL R OBMEF T RIZ T, 7T A
F v 7 Blr— (Mt 245X K5 175X & & 125 cm) & HV, B HBKAK FIZEFE
Bl (CE-2; CLEA Japan, Tokyo, Japan) (ZCHHE L7z, FEERZIT I ITHT--> T,
IRz BB R FE R F - B ERZE B S T ERKGE R 21TV AP %
- BT LT,
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2-2-2 NMDA §5 ¥~ v AfdfsfE®E €7 v

~ 7 A % 3% isoflurane (30% Oz, 70% N20) Rl FIZEER A IZEE LT, £ D%,
JiRI % 1.5% isoflurane THERF L7z, 2 E1Z 33G &% H VT NMDA 5 nmol (2.5 mM,
2 ub) ZAEEH LY ~ v AEIRMFERNICER G5 2 812 X0 #MRES 255
H L7z, NMDA #5:%%, gz <ol LR 7 a4 0 SR A 1 AR
WUE L7z, NMDA #5 7 H %% ICHRERS Y UARRRARIT 217 o 72, F72. Holse il
& U CHEALIE ORI & [FIER TR LTz,

2-2-3 7k F ALE

ryatF 0t 05% L ARF Y AF LT —ZF KU A (CMC) % &7k
BAKIEE L=, 7 atvJF % 20 mglkg & L < 1% 100 mg/kg O & T, NMDA
SRR G0 1 RERTE 0, 6, 12, 18, 24, 48, 72 KEMZICRO#KE Lz,
WRIEREIZ B TIE 10 mL/kg @ CMC ##:5-L 7=,

2-2-4 AT
2-2-4-1  HELRRRE 5 SEAM FH AL AR B0 71

~ U A GHER IS KD RIS, IRERZRH L, 4% T RV AT LT
K& 4 0.1 M phosphate buffer (PB) (pH 7.4) % 2 ul A A& 5L, A2 T 4°C
T3 HMEE Lz, DW\WTT70% T4/ —/b 2 K, 90% T % / —/L 2 ¢, 95%
TH ) —/b 2 WM, 99% T & / —/L 12 FEfE], MKk & ) — b 2 BRI X2 [A],
Ly 2KEIX2 [\, L 12 KL @R NT T 0 2 2 REE X 2 FIONIALS
RHEIWT, EDH%, NT T 4 VITTHIRERZGH L, 7 1 h—2L4 (Leica, Tokyo,
Japan) Z VT, 5 um DU EERIL, AT A4 K27 A (Matsunami, Osaka,

Japan) (ZHEAF L C37CICC—HRZE L, S|RITTRF LT,
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2-2-4-2 ~wRFXUU Y- A UUYRG

NI T4 URIE, RV AR LTI T 4 BTG LT, DOV TEME
IC=Z ) — VIRE A2 T 7RISR L, RRKIGRE LTZH%, ~~ h¥ )
VHRIZ 2 Syfl. =AY MR 5 rfiR LT, BeREMIC =2 — L TIlK L, F
L UTEMLAA Ty FEMWTE A LL, WEESOFIE~~ FF )
Voo F TV URE LTEAR T W AT T o 3R RIS L.

AR LA B B K OVEANC 285~715 pm R o Se BB EE I £ % FAV T GCL
HOMAEE L INL E% Image J & WV CHIE L 7=,

2-2-4-3 S gefa AR DD A VRS

NMDA 5 nmol/eye #¢5- 24 [0~ 7 A 2 SEHENL FIIC L 0 LR S, HRER
A L7, IRER 2 4 HH L . 4% paraformaldehyde ©— Bt [E & L. 2 H i 25% sucrose
A PBS 122 HMIRIE Lo, £O%., WU OELE (optimum cutting
temperature compound, Tissue-Tek; Miles Laboratories, Naperville, IL, USA) T
LiRIAER 2 MO THES L, B+ 25 E T80 CICTRIFLT., 7 UARZ Y
FEZHWT—20CTE S 10 um OMEIEGI A Z/FR L, MAS 2—7 ¢4 7 S
AT A RZ'Z A (Matsunami) (ZHEHF LT, —80CIC TR LTz,

2-2-4-4  TUNEL 44202 K 2 AHA%SFAT

TUNEL %&£413 In Situ Cell Death Detection Kit (Roche Biochimicals, Mannheim,
Germany) #HW\W T, fEOZ v k2 WV T T2,

FRREI 2 PBS T 2 [AIE¥ L7-1%. terminal deoxyribonucleotidyl transferase

(TdT) enzyme TREEL | 37°CIZT 1 KffHlA o FaX—F L7z, DWWTHIF % 3
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[EVEA Lok, |IET 1 oFFE L7, SIS, IEF v o —ANT, GIRI
anti-fluorescein antibody-peroxidase (POD) conjugate % =i C 30 Jy IS s S 72,
% M%% . diaminobenzidine (DAB) tetrahydrochloride peroxidase substrate % #LEE L 7=,
IR 2B T ORI L, BEAZIRY L=, SisLliE) 5 285~715 um Mo

GCL XUV INL o> TUNEL FGPfass 2 54 U, AARsE 2 55 L 7=,

2-2-4-5 SEYLE

#EREY) A7 1Z 0.01 M PBS T 30 43 BE#+ L. 10% normal goat serum % & A/72 0.01 M
PBS T30 437 LA 3 2~_— | L7, %W T 0.3% (v/v) Triton X-100 K U8 10%
goat serum % & A72 0.01 M PBS containing C 1:400 |Z47#R L 7= Cleaved Caspase-3
(Aspl75) (5A1E) Rabbit mAb (Cell Signaling Technology Japan, K.K., Tokyo, Japan)
ZHWTACT—HEA o F =2~— kL, 001 M PBS TyE# L7z, 1:1000 (A7
L 7= goat anti-rabbit 1gG (H+L) @ Alexa Fluor 488 F(ab’), fragment (A11070;
Invitrogen, Carlshad, CA, USA) % T 1 Kffi]f ¥ =X— k L7, 0.01 M PBS
TP L. 1:40,000 (277 L 7= Hoechst33342 (Invitrogen) T 5451 v F 2X— |
L7z, Rt e 42 2 & CREasx R Lo, REamBiiniisnc
T AL A& B A (DP30BP; Olympus, Tokyo, Japan) f & BEf% %5 (BX50;
Olympus) % I\ T MetaMorph ¥ 7 k7 =7 (Molecular Devices, Sunnyvale, CA,
USA) %71 LT 1360X1024 &° 7 &)L CTHg L R FLEA 00> & 285~715 pm

> GCL K OV INL Hr > U caspase-3 Fo i 2 F1 L 7=,

2-2-5 AR FENLIX Frdx
MEREFENLX (electroretinogram: ERG) (% ERG #:i& (FFIREFEA A 39—, Aichi,

Japan) Z MW\ T, NMDA £ 5-7 B#&IZAT o 7, HIE 24 FFFTIN O~ U A &2 FEA
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7eREE CREIEIS & ¥ T, E D%k, ¥ I 120 mglkg L TYF T T ¥ 6 mglkg D
IRAREE 2 IEENEE G- L, RFRZ b B I R 7 2= 7 U UEEEE S
IR % 5 pl AR L S/, ~ 7 ADEKIEEZ 37T°CITEB 2R S, AEEMmE
AfElz, #EiFEM (Nihon Kohden) A B EHICERE L, AMRIZEEME L THA
LED &## (Mayo, Aichi, Japan) ##fii S+ CT7 7 v v = ERG ZHE L7=, HIE
1% 5 FIE O TIT o 72, Fe)iE-2.91 log cd + s/m? ORI THIE L, 30 B
DIENENES D%12-1.92 log cd « s/m? THRIE, 1 43 OKEIEI: D#12-1.02 log cd - s/m?
THIE, 14 ORENENSGD#12-0.02 log cd « s/m? THIE., FHH%IC 2 45 ORFIE:
D12 0.98 log cd * s/m?> CHIE #1T>72, #4572 ERG S a P KON b I
DIRMERIE 21T 572, a P TIEEMRD a WOTHA E TOWREZ, b Tk alk

DIERD 5 b PEDTARLE TOIRME 2 HE L7z,

2-2-6 1 A —E-37 EHERIE

NMDA 5 nmol/eye £ 5- 24 IR0~ 07 A ZSEHEMLFIIC L 0 L3 S, HRER
AWM L7, MEZ L, MEERTREMNHR LT, Z o\ 7fiHo7),
#HARIE cell lysis buffer (protease, phosphatase inhibitor cocktails (Sigma-Aldrich),
1mM EDTA) H T )1 ¥ — (Physcotron; Microtec Co. Ltd., Chiba, Japan) %
AWTHREYFA AL, 74— % 12,000Xg T 20 Zrffz L, EiEZE
L7, # /37 7E &L BCA Protein Assay kit (Pierce Biotechnology, Lock ford, IL,
USA) Z MWW T, BEBEMO T VIiET VT 2 b REREER L, #2327
WREZWE LT, I A/—8-3I7 OWEIL Caspase-Glo 3/7 Assay (Promega,
Madison, MA, USA) ZHW T, {7 e ha—1iigsTiToTe, &7 v
DT~ A 7 v L — U —%— (Skanlt RE for Varioskan Flash 2.4; Thermo

Fisher Scientific, Walhtam, MA, USA) % JWTHlE L7,
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2-2-1 DT AK Ty MEN

YU AZFHEN I XV 2B S, IRERARH U7o, M2 BHEEL | IR
BRCTEEBH LTz, X700, ML cell lysis buffer (protease,
phosphatase inhibitor cocktails, ImM EDTA) H CHRETFHA P —% H N THREY
FA X LTz, T4 F— % 12,000xg T 20 srihEo L, BEEEEIR L, Z v
X7 T BCAProtein Assay kit 2 VT, IBEBEMO U U IiET VT 2 b
REfREER L, Z N TREZRE L=, 74 &— k% sodium dodecyl sulfate
sample buffer TH[{A{L L. 5-20% sodium dodecyl sulfate-polyacrylamide gradient gel
ZRWCTEXIKENZ XV 5B L7-, ZD%. polyvinylidene difluoride membrane
(Immobilon-P; Millipore Corporation, Billerica, MA, USA) ~ifizE L. 0.05% Tween
20 % &t 10 mM Tris-buffered saline #7C 5% Block One-P (Nakarai Tesque, Inc.,
Kyoto, Japan) % TSI T LA % = X— k L7z, — Pk & LT 1:2000
\ZA7FR L 72 mouse monoclonal anti-a-spectrin (clone AA6; Millipore Corporation) %,
L < 1% 1:40000 (247 %R L 7= mouse monoclonal anti-B-actin (Sigma-Aldrich) % >
TA4CT—HpA > F2~— KL, 0.05% Tween 20 % 7 Z» Tris-buffered saline THE
¥ L . horseradish peroxidase goat anti-mouse (Pierce Endogen, Rockford, IL, USA) %
1:2000 (ZATBR L TR T 1 FffE A > F 2~— F L7z, 7 1y MIEFEHEN
(Super Signal West Femto Maximum Sensitivity Substrate; Pierce Endogen) =+, 7
UHENA A= 7 AT A (FAS-1000; Toyobo Co. Ltd., Osaka, Japan) (Z -

B L7,

2-2-8 HEatFHIMEAT
FEBREAR 1T I S R MERR 22 CoR LTe, #RRHFAIZR LR IX, Stat View (SAS
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institute, Cary, NC, USA) % F\ T Student’s t-test & % Vi Dunnett’s test (2 L D 1T

olz, fERREN b %KM AEARY & LI,
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5 3 H FEBRARE
31 ~ U AMEOMBREE XY 2 7 5T v OIEH
3-1-1 HEMApRRETALfE (GCL) Hoofias &k OCNEERIE (INL) JE DT
NMDA - KN EE S 7 B#OMEIZE T, M RETiaE (GCL) 12k
T o MIfEE R OCNEERLE (INL) OF S Gt Lo, BAEMEE (n = 9) 2k
T, GCL HOMIf%T 113.7 £ 3.2 cells/mm, INL JE1% 32.4 £ 1.9 um TdH > 7243,
NMDA ALiERE (n=11) TiX., £ Z4152.4 £ 4.4 cells/mm K1r27.8+11um T
Ho, AEIWCED Lz, 7atF 2 100mglkg OfFOF51CL Y, GCL F#l
Fa¥iX 72.10 £ 5.2 cells/mm & 720 | B EICHIREDR D 2 Bl L7723, Bh-&% 20
ma/kg & L7235 A 138 B Mg o mmslIEi o b o7 (52.8 £ 4.8
cellssmm), £7-, 7 vt FiE NMDA % INL BRI R Z RS eirole

(25.4 £ 0.8um, 20 mg/kg, n =11 K& T* 29.1 £ 1.5 um, 100 mg/kg, n = 11) (Fig. 13),
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Fig. 13. Effect of crocetin on retinal damage induced by inravitreal injection of NMDA.
Non-treated (A), NMDA injection plus vehicle-treated (B), NMDA injection plus crocetin-treated
(20 mg/kg, p.o.) (C), NMDA injection plus crocetin-treated (100 mg/kg, p.o.) (D) retinal cross
sections at 7 days after intravitreal injection of NMDA. Retinal damage was evaluated by counting
cells in GCL (E) and by measuring the thickness of INL (F) at 7 days after intravitreal injection of
NMDA. Data are shown as the mean + S.E.M. (n = 9 to 11). #p < 0.05, #*p < 0.01 versus normal
group (t-test). “p < 0.05 versus vehicle group (Dunnett’s test). Scale bar indicates 25 um. C: crocetin.
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3-1-2 7R h—v 2Dkt

NMDA #§ 7R 5 24 FE# O GCL LY INL O (2351 T Terminal
deoxynucleotidyl transferase dUTP nick-end labeling (TUNEL) F5 i 2 it L 7=,
NMDA # 5-#£ Tl GCL & OV INL {235\ T TUNEL B B £ S iz 3,
LB DRI BN TITRR O b ho o, WER G LT, 7 rtF ok

5 HEZF0 TiE TUNEL B HEMIaI A IS L7z (Fig. 14),
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Fig. 14. Effect of crocetin on NMDA-induced expression of TUNEL positive cells at 24 h after
intravitreal injection of NMDA.

Non-treated (A), NMDA injection plus vehicle-treated (B), and NMDA injection plus
crocetin-treated (100 mg/kg, p.o.) (C). Number of TUNEL-positive cells in GCL (D) and INL (E).
Data are shown as the mean + S.E.M. (n = 6 to 9). #p < 0.01 versus normal group (t-test). “p < 0.05

versus vehicle group (t-test). Scale bar indicates 25 pm.
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32 ~ U AMAEOREREF IR T 5 7 m e T v DOIEH

MIEX (ERG) (28T % a JITHLMAILOMREZ SO U, b I 13RS & OY
R =2 T MR OMREE KT S, NMDA #5457 HRZIZBW T, alEik O b o
WH ORENAEICHD Uiz, 7avFroafbi, WGl
NMDA (Z X % a Il DHIRE OB 1T Lz o 7o b 0D, b I ORI DA I

HEAZHH L= (Fig. 15),
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Fig. 15. Effect of crocetin on retinal function damage induced by intravitreal injection of
NMDA in mice.

The effects of crocetin were evaluated by recording the electroretinogram (ERG) at 7 days after
NMDA injection. Representative ERG recording in non-treated, NMDA injection plus
vehicle-treated, and NMDA injection plus crocetin-treated (100 mg/kg, p.o.) (A). Intensity response
functions for dark-adapted a-wave (B) and b-wave (C) amplitudes. The crocetin-treated group
showed significantly preserved b-wave amplitudes compared with the vehicle-treated group. Data
are shown as the mean + S.E.M. (n =9 to 11). *p < 0.05, #p < 0.01 versus normal group (t-test). “p <

0.05 versus vehicle group (t-test).
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3-3 WANR—EIEHEICHT S neT U DIEH

NMDA # 5 24 FEI#IZHB W CH A =8 37 ZWET D Z L2 LV, GCL
DAIBFEDIEFF J V7 v & F N L DR R A MG L7z, NMDA 5.4 DO
BT H A N—F 37 NIALERER L LT 123.7%I2iEM b Lz, 7 kT
B HRECR WD TR IEBEE 58 & b LT 2 ofEME k% 93.3%40] L 7= (Fig. 16A),
F£72. NMDA £ 5% ? GCL LTV INL IZFBW T, IFMHER G A N—E 3 Th 5 Y]
Wil g A R—=F 3 NI L=, 7T ixonsoEicisnye, gk

AN—F 3 &) 7= (Fig. 16B-D),
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Fig. 16. Effect of crocetin on NMDA-induced expression of activated caspase-3 at 24 h after
intravitreal injection of NMDA.

Quantitative analysis of the fluorescent intensity of caspase-3 activation (A). Representative cleaved
caspase-3 expression (B) and quantative analysis of the cleaved caspase-3 expression in GCL (C)
and INL (D). Data are shown as the mean + S.E.M. (Fig. 4A,n=6; Fig. 4BtoD,n=6109). p <
0.05, #p < 0.01 versus normal group (t-test). "p < 0.05, ™p < 0.01 versus vehicle group (t-test). Scale

bar indicates 25 pm.
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3-4 HNARA AEMHAICRTT D 7 v F U DOIEH

NMDA #¢ 5. 24 BRI I B W TIEMRI I LS iz L > T E N5 a 227

NU UM AERY) (145kDa) 27 vy MEAZHWTRIETHZ LT, &

LA DIEMEIZOWTHIE L7y NMDAICL Y o A7 U O H#1T

L=, Z7avF iz oWz st LT 5 0

17),
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Fig. 17. Effect of crocetin on calpain activation at 4 h after intravitreal injection of NMDA.

(A) Representative immunoblots showing proteolysis of a-spectrin in mouse retinal extracts. (B)

Quantitative analysis of the band density at cleaved products at 145 kDa of a-spectrin (280 kDa).

Data are shown as the mean + S.E.M. (n =5to 7). #p < 0.05, #p < 0.01 versus normal group (t-test).
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BAH B

ARG T, FENEET L O—D2EF 2 b T 5~ 7 A NMDA %1
BEREEIC T 5 7 v F RO R GOFNIFEHIC DWW THRF Lz, ZhvE
THRZEMRBIZB W IR REL B L L3I Efiah TR 6§, ik
TREMEH 2 AT 2 AR R OBBERIBE TH L, 7rtF i
25\ ZEE RN BE BT S VEAE B 7 LA B WO TR SEAM I E A 23 s S AT
72 (13),

NMDA # 5. 24 IFFfij#4 12 GCL & OV INL > TUNEL BtEflan#igz <, 7
H#\Z GCL HF OABEL DWW 3 A B iviz, £72. NMDAIZL Y ERG @ b D
IRIE2 K E KT L7z, NMDA $#5:-1%, FIZ GCL F1 o FE i T % Mt
REHI S INL PO —EBICFET DT~ 27 U UMD ZEME 25 & 29 (34),
F£7-. NMDA [T F o ooMa, Flz (THMIEZ E~DRBIT D722 L3
HOHNTEY, LI > T INL OEREA KT 5 b J#1E NMDA |2 X ) K& <K
T LA, Ml OMEES T 5 a ITEEN D e olc b B2 bID, 7
152 100 mg/kg OO G105, 2405 NMDA 75 58 ki fk b 55 ) O RE RS
2N Lz,

7 v MZBWTZ vt T 50 mg/kg &% H$5-1% O M & QR B K R X
WEIZMESNTEY ., 7 uotFrofa&ks 1RRMN%IZ1T 5 M h iR
1359 60 uM K DR EEK R EEIEH 2 M Th - 7= (13), ~ 7 ATBWTIRFEK
HREITHE STV 2RWS OO SEFIREIL 2 =& 100 mg/kg #5- 1 K
M CTITM 110 M &, EFED T » F 50 mglkg B GREOKI 2 5 THDH Z L b,
ARE A HFIREE 50 2 508 4 uM EHEE S 4, AT invitro 128V T H02 % L
< I tunicamycin (ZMEE A kLo =) 12X 0 % S LR SE & 3 5 o
WZHRRRETH -7 (13), F/o, AWFETIELY vt F o oMM 2 fEkr
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T HEOIT, EIZT AR F—T AN Z 5 NMDA 5 24 Kffijt: (35) 1£7 vtk
YORAKEEZ 6 R Z L ICKES T, vV AIZBWIRAKREINTL I =
TF TGN D FER SIS L, MFIZBNTI mEF UERE R E LT,
b LIEZ 7 v U BaAERE LTHET S (31), MmiEho 7 vt F R
7 abFUoRORE% 30 0 CTREMPREICEL, ZOBKRLITIKT T 52,
8 R I T m MR EE D VA FREE L 72 D (B1), L7 o TAMFIEICE VT,
NMDA #5- 24 B O 7 R F— AN & 2RI 7 v F > 100 mg/kg % 6
REfE & L IO ERR NG S22 Lic k0 . MISHEERIC BV TR IR IR —
EHMRZI, IRERLIZEEBEZBND,

7 ZAN—=E OIEPEAGIZ, NMDA S2 5RO R 7215 AL 12 2 2 58\ Ca®*ii
ANZE->THIERZENDIMBENELRDO—>THD, I bar NI T ~OEE
72 CTHLV IAAIL, X v RU TEOM A5 & 23 (36,37), F o1
— A CIIEEM DL E > TI hary RUTHhbRHEN, HAA—F 9%
EHEAL S5 (38), I A/N—F QITKRIZH A/X—8 3 O A/N—F 7 5
&, 7R b=V RAEFEST D, Invitro IZBWTZ e F ik, hAS—F
3% LI 9IEMELOIMH 2 LT H02 % L < 1% tunicamycin (2 X 2 M AhRR
HFEE 2 MH4 % (13), ABFIEICZIBV Tl NMDA #% 5. 24 BERI% IS H A/ 8—
V37 OIEMALR B S, 7 0T U BN OIEHALZIH Uiz, SR alzisn
TH NMDA # 54 GCL FUTTHEMHI TH 2 UIWrH ) A —E 3 FBLL, 7 1
TFUTENERHI L, haT A Rix—RCiaEicER s s 8,
REFUORFHATH D 7 vy iE, REEKERICHIAEIC b —5I Y iAE R
D ENHEINTND (39), 7 T U LEERIC, MEESHENICEBITL, b

A=Y QIEMEICHBER AT 5 2 L Th A= 3TEEOMGIic o728 5 Z &
ERBELTWD, — 5T, Z7atF Ui NMDA ZRROFEA LTI
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WEINTND (40), ZOBFL 27 v F UFHERO D A —BIGEHEO I
IZFHE L TW D AR H D,

NS AFIN T T B VIEERE SN OMIRN T e T 7T —EThY | b
MZBWTIEL 15 HOBIFBRE SN TS, £, EHEHE BT 5 DIZKnEE
AN T BRE (UM LV E I mM L) IR e uosg e m-d v
NA NS IND, TN, AEHAET R b — v ZMER O 7 v —
ZHMPIEIZHE L THDZ ENMLNTWD (41, 42), MEEOHEDIZB VT,
w-71 LA 2 D ELE NMDA BRI G- 6 D 12 IR I8N L sz gu il
BV THRWBEMEMIFR X TUNEL BEtEMifE & /m7E3 5 (25), F7=. 280kDa @
AR N ATIEERI T N SA AN Lo THIRr SN D x5 & e 5 FED—>T
b, Bz, T v MEBEE RIS CEER% 4 RO T a AR
7 RV DR R GEBEINT D (43), a A7 U YW AI2iE 145 kDa
& 150 kDa @ 2 FiFE B U | 145 kDa 1LV /34 » DI K > THEBR I ILDH D3,
150 kKDa (XTI N SA v DI BT T ANR—F 312> THAERINAT-D, 145
kDa ® o A~7 s U HIWr FI3 v A RO AR 25 E LTHWS
ZEMTE B (B4), AT T 145 kDa D o A7 kU YT B ElZ NMDA
BeHAC X OB LR, ZatF iloa AT N U U OSRICR L T2 E K
ESR0ole, ThHOT—XX, 7 atTF i NMDA & 5% R Z 270
IVSA v DIEMACIZIZR S, RIS Z 5 0 XA —8 9 EM b2 I3 2
ZEERELTWD,

LIEDZ &7 5 NMDA FFHIEIESR €7 LICBWT 7 m e F ok A& 51T,
A A= BRI 2 H 45 2 & TR g T oM T R F— 2%
M5 2 LARBENT-, AETIZZOLIIC, v~V AEEEEET LICE
W THREORETE I O & 2 FAIDOE 21TV £ OMRENGEL -, IRETIE~
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U AMEO MR OMIAZ B E LT, P U AR—Z —DBIRND, vV
Z AR 36 1T 2 T b = F R E IS O W TRRE 21T o T,
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FI3F ~UAMBEOI L =F b T AR—HF —DRE K NZE ORSRERENT
g FES

ML TR O R DR 1 TR OB E 2 A L Tk v HAZks N TH
OHIZREEN 2 T LT 5, MM, SRR & O iR fifia o> 3
OO IE & AR ERME DR S LD, o T, IR E R
2. TOREFEERESFICEHE L, HREN L THMCZOET 2B
%, FEE MR TH D,

BRI OBERERE E MR ) OFERIZ D725 Z L IFHMOFEETH O | NEE
BEZEVE (AMD) SOl (825 PEAE (RP) ASHLAIA AN S S B RER R RER T
&H7% (45-47), AMD [TNEsIC X 0 MO H.OE T 2 EBEHCEMEN AL H 2 &
T, BEFOFLNLHNE K> THE, RPITHEMIZD 5 B & FE 4
T 570, RESCHIFRAE L Vo TERD LT 5, SRS ICS TS 2
WE TICRBEINTHTF NS LA F L A28 AMD <° RP I3\ CHE T
[ZR0 G LBZZABNTVND (48,49), ML, BRsAIRIEN m < Sl AfafnflE
Wit 2 < | AT EN TV D72, B(EA b L RAIZRFICHBUR CTH 5,
AMD #FIZBWT, LA L RADIREL 725~ VT VT b RO MIERE
I <, I CIREMBEN EME TH DL A= —F XV FURA LY —BITAE
WIZIRWE OHENS S, LA NV AOEEREL BEbivd (B0), Fivlk, A
M DFETE Z 30 L. AMD @ X 5 228 M D HEAT 2 B T2 D I3 b A L
2 & SEDHFOREE ., FHAMRICB N TEDOREIN & X 5 ICHIE S h
TWLEIHAT HLUEND D,

L-71 /v =F > {[3-hydroxy-4-(trimethylazaniumyl)butanoate]. LA#%2, B /L =F >}
I Far R T O BBMLICENWTHHED G+ ThY . 2 OMIIFIET D

[Fig. 18 X O* G IN=F NITPHNAI R Py —LE LTLA L A%
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B SE5Z ENME SN TEY (52), £z, BEREMEMBIAMR & L TR DB
LTHMO TEETHH I ENMBNTND (B3), & HIT, HIL=F »DOHilE
{EAE A ISR Ei M C L MR S CH 0 (54-56), VHFIZB W ThL=F
Y OREITMAE T (48.9 uM) (ZEE LT MM (108 M) THRI 2 fEEWN 2 &b
(57). B =F FT RAF—PEAICI T EE R E BT OR% HF, B
fEA L AN L RET H2HRE L H D EEZ LTS (Fig. 18), 7235,
b MZEBWTIE, 60 mglkg THIL=F &R A#S Lo mEhhL=F >
BN 439 uM ThHH Z D, PRI 100 uM EHERIS LD (58),

A Long-chain Fatty acids B

l Cytosol
Acyl-CoA Carnitine = radical scavenger

Carnitine
@ mitochondrial membrane
Inhibit

Acyl carnitine

| Inner mitochondrial membrane

* High-glucose induced oxidative

v stressin retinal ganglion cells
Acyl carnitine * |Ischemia-reperfusioninduced
M retinal damage
Carnitine * High-intraocular pressure
Acyl-CoA

induced lipoperoxidative
damage in retina

)

Fig. 18. The role of carnitine.
(A) Carnitine is essential for transfer of long-chain fatty acids to mitochondria for subsequent

B-oxidation. (B) Carnitine also helps to protect retina against oxidative damage.

H IV =F MR VR 2 R EET A 7201k, AR = TEER R O Mgk
WCHEET DN =F U E RV AE R TR 570, KNO LV =F %, &
FHHEEED L IXFRICB T D2AEEKBREZH D (B9), HL=F 1FEFD
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WARMEA A2 LD RS, BUKEOEWE TH Y . Mz dims 51z
(T E OSSN ETH D LB LD,

AN=F v 8T AR=F—L, TNETIZ 5 MENIFREINTWD, K
WZRE S 472 b7 > AR —4 —[3 organic cation/carnitine transporter 1 (OCTN1,
SLC22A4) TH Y (60), fXEFIME L Na kA7 A =" (61), 7272 L. Z D% O
BT, TAVIAFAIXA DIV EOREETHLZ ENRENTWD (62),
OCTN2/CT1 (SLC22A5) & Octn3 (SIc22a21, ~ 7 AD ) (LmBiftE D v =5
Y RTUAR—=EZ—THY | ZNEI NaKAFH, IHRIFN NV =F o % ik
35 (61, 63, 64), I HIZ, 7 /KT AKR—4—B% (SLC6AL4) 1%, 1K
otk « NaMKEEIC I v =F &gk L (65), WV =F > F TV AR—HZ—2
(CT2, SLC22A16) &, m#i it « Na JERAFIE 2 R DG DRI FEBLT 5 (66).

S HIZ, 7y MERHRIZEBWTIX, ZABEBEHIO T v AR —& — Tl
HTE72WI L =F VRV IALPBE I TWS (BL, 67), ZiLlk, Ziubligas
IZBWTCIERRIED I N =F > TV AR—F—=PFEL D D,

—J7. MRV TIE OCTN2 28 ML MENEREFTIZ 38 B L, i Hh > & Al IESHE
EA~DOHN=F UGk A T ENRES N (68), LUy s, MR
R T R 7~ & BB IN ~ OB X8 5 7> & 72 o T, gUflileIC
FEHIN=F 2 T U ARR—L =T ORIEL, £ On 128 RO DAL )
N& TG EIZHMIEN DO NV =F O RENLIBEA N L ARELT ZORER
AMD X° RP OFIEIZ DN L REEN S5 & TSN 572, BETHDL EE
AbID, ETARICEDEL D2 ENBESINLDTHIVUL, HMILl L=F
¥ N T VAR —OFRBRCMENEE LD X9 efbEMiE. AMD X° RP RO
BRI RV EL EEXBND,

ZZTINDOERAESIEIC, AL TIE~ 7 A SRR B iakk < &
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% 661W HifaZ W T, HAICB I A IV =F 2 TV AR—H —DRE &
WS R O iR AR 2 il A T
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o5 2 Fi M BN O T A
2-1 BB

AREBRICHWZEY R OREET, UUTO@EY Th b,

[PH]7 /v =5 > (1 mCi/mmol) |Z American Radiolabeled Chemicals (St. Louis,
MO, USA), betaine monohydrate, 4-aminobutyric acid (GABA), L-lysine, choline,
L-phenylalanine J& TF L-arginine 1X774 7 1 7 A2 (Kyoto, Japan), y-butyrobetaine
& 1-methyl-4-phenylpyridinium (MPP™) (X Sigma Aldrich (St. Louis, MO, USA).
L-glycine ¥ Wako Pure Chemical (Osaka, Japan). (x)-acetylcarnitine chloride
(acetylcarnitine) (X Abcam (Cambridge, MA, USA), L-ergothioneine (ergothioneine)

I% Enzo (Farmingdale, NY, USA) 72> 5 EEA LT,

2-2  FEERITIE
2-2-1 ks

~ 7 ASERAH IR B AR (661W HEAE) (% Al-Ubaidi {1 (University of
Houston, Houston, TX, USA) X W THZ, 10% fetal bovine serum (FBS), 100 U/mL
~ =3V > (Penicillin), 100 pg/mL A kL 7 h~A /> (Streptomycin) % &H
9% Dulbecco’s modified Eagle’s medium (DMEM £541) (ZC 37°C. 5% CO 514 T

ThiER L7o, 14~17 MR OMIfE A SEBRICAE T L 72,

2-2-2 [PHIA AV =F U ELY ARG BR

661W Al & 1 x 10° cells/well D% E C poly-D-lysine coated 24-well culture plate
IZHERE L. 10% FBS &4 DMEM T 24 Fff8 21T -7, T D%, B & 5%
M/~ 7 AEHE AR (HBSS) (CEH# L. 10 WA > Fa_X— L7z, Wb

=F VY IAZER (WL =F PR30 nM £ 72013 10 pM) 1T E O ITHE -
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TITo72 (69), T720bL, WN=F U EIREZRINT 2 Z & THY A7k % B
L. —ERFRIZ KM HBSS ([ZEHT 5 Z & THRVIARKIGZ 12, 0.1N
NaOH iR AN+ 5 Z & Tz LTy FL—ra Ay 42—
T,

AN =F CHY IAH D Na KRBT Na* &2 2 ZnmELED Y F U L
HLIET v a URRICEBT H 2 & T, Na*7 U —HBSS Z/ER LRt L7z, [
R CHKAFMERBRIL, Clra 7 v o URRICEB UG L7z, 7o, I =F
VAZD pH K AEMERER 1L, 1M NaOH (2 X Y HBSS @ pH % 5.4, 6.4, 7.4, 8.4
HDE, BEtETo7,

AIZE D A ENTZPHII NV =F NS LD BEHEE L~V B-v v FL—
3 >4 % — (LS6500, Beckman Coulter, Fullerton, CA, USA) 12 X v & L. #l
faD & X7 & (mg) Y7oV ICHETHAZ & CEEZREM Lz, HEZ LD
N=F DR IAHREIL, 3TCTIT 2Tl IARERTH O NIE G, KL
TIToTEERTRONTMEZEZLSIK 2L TR LT,

SEMBNREFEITIZ N T, AN =F OO IAFIENEX, Fkx eV =F Vi
FEIZ X HH iAZTFEER (0.1 7205 30 mM) THOLNTEE FRLo I =Y A A Y
TrRICE VRN LT,

o Vmax [S ]
K, + [S]

2T O[S] EEEERTOREREE (mM) &, v ZEE OIY A B E

(nmol/min/mg protein) %, Kn 1ZI 7=V ZEHK (MM) % Vinax 138 KLY JAZ
B (nmol/min/mg protein) & & F ., A =F CHY AL E FKIC
Eadie-Hofstee 7'z » F Z{Epk L. Eadie-Hofstee 7’2 v F LV Kn & Viax ZHH

L7,
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2-2-3 AV =F s iR

661W HEfIZ 31T 2 /L = F g iR 1L, OCTN D EE (acetylcarnitine,
betaine, y-butyrobetaine, ergothioneine), B®* ® A& (glycine, phenylalanine. lysine,
arginine). organic cation transporter (OCT) ® L& (MPP*). OCT transporter &
choline transporter ®#£:'E  (choline), GABA transporter ®FE (GABA) % HW T
1T 7, WEIEMERIE FIEIT BiL & RERIZ T o 72, TREOHERE ICs 1T X
BO* FHEAIDIEIL 2.5 MM IR E L, ZOMOERNIC OV T 30 uM (232
EL72 : OCTN2 & OCTN3 (22T acetylcarnitine & y-butyrobetaine (X% 41%
AU5-50uM & S5uM K TH Y (61, 63), CT2 (22U T acetylcarnitine & betaine
IXZENZEI5-50 M & 5 uM (66), B> (22U T glycine, phenylalanine. lysine,
arginine 1% 2.5 mM Kiii TH 5 (65), OCTNL (Z-OW\Tik, ICso fEITiEZ= I
SENTVARVY, EREETHHTILITFFFA LD Kn flIX 21 uM ThHo 12

(62),

2-2-4 RT-PCR

661W HifE 2> S ISOGEN II (Nippon Gene, Tokyo, Japan) % VT RNA #iH %
1T->7-, ReverTra Ace qPCR RT Master Mix with genomic DNA Remover (Toyobo,
Tokyo, Japan) #HHWWC T v X AT T A4 ~—L A AT 774 ~—I12L D 0.5 g
D RNA 7> B ififin 5 21T — A8 cDNA A L7, PCRIIE LITREND
TA ==z HNT, 95°COENMEZ 153/, 55°COT =— 1 > 7% 145, 72°C
DEI AT rvarz 1 Mo 3 27 v 7% 30 A 7 U To7, ~ U Afk
CDNA (X5 & L CTHW = (Octnl & Octn2 13, BO*idfii, Octn3 & Ct2
[3HEHL),
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Table 1. Primers used in studies of carnitine transporter gene expression.

Gene Primers

Mouse Octnl Sle22ad Forward 5'-GAG TGG AAT CTG GTG TGT GAG-3'
Reverse 5'-GGC TTT CTG GAT GAT CTG TTC-3'

Mouse Octn2 Sle22as Forward 5'-TGA CAC TCC TAA CTT GCA TGG-3'
Reverse 5'-GCA TCT GGT CAA TGG TAT CTG-3'

Mouse Octn3 Sle22a21 Forward 5'-TTT GGA ATC ACC TCT GCC TAC-3'
Reverse 5'-TGT TGT CGG TCA CTG ACA GTG-3'

Mouse B®* Sle6ald Forward 5'-CTT CAG AGG TCA AGT GGA ATG-3'
Reverse 5'-AGA GCT TCA GGA TAG GCA ATG-3'

Mouse Ct2 Sle22al6 Forward 5'-ATA AGT CCA GCT CCT GTG ACC-3'
Reverse 5'-ATA AGT CCA GCT CCT GTG ACC-3'

2-2-5 HEEHFEIENT
AERIL . PE SRR = & L ORI, MEaH SR e bhigg X 1A Student’s t-test
& BT Dunnett’s test (2 VAT 72, fGRENSWARIEEZAEAAD & LT,
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55 3 Hi RERAH
3-1 W =F CHD AT DORERFHIZAL

~ 7 AHERGL ARG B AR (661W ) (C XD v =F VLY JAZ DRE
BURAFIE ORI 24T o 72 (Fig. 19), T OFEER, BV IAZR L~ 7e< 30
S MEARANCHEIN L2 s 2R LT,

200 A

y=6.95x+2.99

Carnitine uptake (fmol/mg protein)

0 L] L] L]
0 10 20 30

Time (min)

Fig. 19. Time course of L-carnitine uptake by 661W cells.

The uptake of L-carnitine (10 nM) by 661W cells was measured in the Na* and CI"-containing HBSS
buffer (pH 7.4) at 37°C. The uptake experiment was conducted twice, each time in quadruplicate,
and the representative result is shown. The values obtained are presented as the mean + standard
deviation (S.D.) of a representative experiment.
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32 V= F UED IABORRFER

DXIZ, Na*& Cl- &5 T HBSS &R (pH 7.4) 1 C, 37TCTHLNTEND
KEFETHEONIEEZZ LS Z & T, 661W MldIC LD /L =F HD AR
DR FERANERBR AT o 72, ZhUE, BEBMREI X —AXAYIC 37°C THERE S 5 73,
KETIRRECITMRE L2 W 2RI L TV 5D, ZORER, hL=F BV iAAR
MR N BTN ATRECH D = & Z s Lz (Fig. 20A), #ifRH~ 5 1R L 72 Eadie-Hofstee
Ty ME, BERERY ., BE Kn 55 £ 09 MM EEE Vi fE 1.6 £ 0.7

nmol/mg/min & 72> 7- (Fig. 20B),
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Carnitine uptake (nmol/mg protein)
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Fig. 20. Concentration-dependency of L-carnitine uptake by 661W cells.

(A) The uptake of L-carnitine by 661W cells was measured for 10 min in Na* and CI~-containing
HBSS buffer (pH 7.4). The open circle with dashed line and open circle with dotted line represent
the L-carnitine uptake amount performed at 37°C and on ice, respectively. The solid line represents
the L-carnitine uptake after subtraction of the uptake performed on ice from the uptake performed at
37°C. (B) L-Carnitine uptake by 661W cells were analyzed by Eadie-Hofstee plot. In (A) and (B),
the uptake experiment was conducted three times, each in duplicate. The values obtained are
presented as the mean = S.D.
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33 BEHOAN=F 0 8T U AR=Z —HEIZ LDV =F B AR ER)
e S

Ak o> & 51z, Octnl, Octn2, Octn3, BY R NCt2 1X, v~V A IZBITFH /L=
F T UAR—LZ—L LTCRIESINTWAD, & 2T, acetylcarnitine, betaine,
y-butyrobetaine (Octn2, Octn3, Ct2 JH). ergothioneine (Octnl £E) £
DFEE L LT 661W HIfE D 7 /v =F U ELY AR ML #RBR 217 > 72, Fig. 21A
WRTEIIC, TROEDEHEOWTN S DL =F B IABEICK L THL
TR R NIAF S 7o 1=, & BT, glycine, phenylalanine, lysine X OF arginine (B%*
BB bAN=F OB IALZRET DDA TR0 -7 (Fig. 21B),

WIZ MDD RN T U AR—F—DEEZFH5 72812, MPP* (OCT Z/&). choline
(OCT kU=l v kT AR—2—HH) MU GABA (GABA T AR—HF —
HE) #HWTEREIT -7 (Fig. 21C), ZhHD 9 5. choline DA% 661W

fl (65.4%. Fig.21C) IZ LD W =F VEY IAGAIZEB W TEREDLEZ /R LTz,
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Fig. 21. L-Carnitine transport inhibition assay.

Inhibition assays against L-carnitine transport activity in 661W cells were performed using (A)
OCTN substrates (acetylcarnitine, betaine, y-butyrobetaine, and ergothioneine), (B) B®* substrates
(glycine, phenylalanine, lysine and arginine), (C) an OCT substrate (MPP*), an OCT and choline
transporter substrate (choline) and a GABA transporter substrate (GABA). The uptake of L-carnitine
by 661W cells was measured for 10 min in Na* and Cl-containing HBSS buffer (pH 7.4) at 37°C.
The concentrations of the B%* inhibitors were set at 2.5 mM with L-carnitine at 10 uM, whereas
other inhibitors at 30 uM with L-carnitine at 30 nM. The uptake experiment was conducted three
times, each in triplicate or duplicate. The obtained values are presented as the mean + S.D. "p < 0.05

versus no inhibitor group (Dunnet’s test).
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3-4 BEEDO I N=F > T AR—4—D mRNA EDF]

BERIDO I N =F > N T U AR—2—0 661W Mtz 1T 2B ARG 57
WIZ, RT-PCR 4T o7z, Fig. 22 1Z"9 & 912, BRSNS K3 500 bp
TS h, 774 ~—0EUNCHRE ST 2 Z & 2R L, —J7. 661W Al
TIE DIV =F > F T v AR —%—D mRNA OFRBIIFED LR -T2,
72k, 661W FHEIZ R 1T 5 Gapdh DR EBUIMER L= CRIBHET —%).

1000 bp

500 bp

100 bp

Octn3 BO* Ct2

DNA Ladder

Fig. 22. RT-PCR analysis of the previously-identified L-carnitine transporters.

Mouse Octnl, Octn2, Octn3, B%* and Ct2 mRNA expression were analyzed by RT-PCR. Total RNA
was prepared from 661W cells. Mouse tissue cDNAS were used as positive controls (kidney for
Octnl and Octn2; lung for B%*; testis for Octn3 and Ct2). The PCR primer sequences used in this
study were designed to yield PCR products between 450 and 550 bp.
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3-5 Na'K Ut Cl & A7

Na*&% O Cl7 1%, SLC b 7 v AR—F —DEEHEBRICH W T A L Tk
SNDWE LD EMBNZ ERHNBILTNADTZD, 661W LD T v =F
HBOIAAIZETLINEA OGO REMEE G Lo, EBRIT, Na*E7213
ClzZnZn LitkidrvarygeEsfz/c, Nat7 ) —£72iL Clr 7 U —
D SRR % -V TIT o 72, Fig. 23 12779 &L 912, Nata & & 72 WEREIR 1 o
AN =F DY AT, Na B AREER TR O ALTZE D 1A 5 58.3112.2%
W2 Uiz, — 05, OSREERR T O CI- D FELRIE, B AARIHIEICI & 7 i
ZRIEZ o T,
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Fig. 23. Na* and CI" dependency of the L-carnitine uptake by 661W cells.

The uptake of L-carnitine (30 nM) by 661W cells was measured for 10 min in transport buffer (pH
7.4) at 37°C. The Na* or CI™-free uptake HBSS was prepared by replacement of Na+ or Cl- with
equimolar lithium or gluconate, respectively. The data points were normalized by setting the value in
Na* and ClI~-containing HBSS (normal HBSS) as a control to 100%. The uptake experiment was
conducted three times, each time in triplicate. The obtained values are presented as the mean + S.D.
“p < 0.01 versus NaCl group (t-test).

64



3-6 flAuSk pH K17

661W HIRIZ 31T D IV =F LV EL D IABL D pHARIFHEZ G LTz, F DOFER,
SRR B & pH5.4 e OY pHB.4 I b S5 & pHT.4 THRIE L= A L
T.ENZENH N =F EY AT 30.0+9.1% K ) 68.0+6.6% 208 L. pH 8.4
T B L&D L 1741£130.8%I 28 L= (Fig. 24), A =F 5 FHD
VR RO pKa (=3.8) HatFE T 5 & pHE4, 6.4, 7.4 K N84IZKITDHZ
DIMEA F ARRED T, THZ 97.6%. 99.8%. 99.9% K 1) 99.9%L) | & 72
5o L7235 T, pHIZE D HIL=F L DRV ABDE(IL, HV=F DA F
VIRBOEATIE RS, AINV=F 2 T U AR=Z —IHEROEITER T 5 &
BEZbhD,

* %k

Carnitine uptake (%)

pH5.4 pH6.4 pH7.4 pH8.4

Fig. 24. Extracellular pH dependency of the L-carnitine uptake by 661W cells.

The uptake of L-carnitine (30 nM) by 661W cells was measured for 10 min at 37°C in Na* and
Cl-containing HBSS at different pH. The pH of the HBSS was adjusted to 5.4, 6.4, 7.4 and 8.4 with
1M NaOH, and used in the uptake assay. The data points were normalized by setting the value at
pH7.4 (normal HBSS) as a control to 100%. The uptake experiment was conducted three times, and
each was performed in triplicate. The values obtained are presented as the mean + S.D. *p < 0.05,
and *p < 0.01 versus pH7.4 group (t-test).
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Ha B

ABFFETIR, ~ U A HEEOREMAT OB D~ U ZHEARTLHR A f ki
HTHD 661W MDA/ =F VHR IABFEZRET L. B /L= L3 itk
RETHESALD Z & & WL L7, 661W AlfRIE, RFEED /L =F Vlikflz X
STHAN=F U Z RV IALFAIREIENRZ X HiILD,

TR AR ER TIX, 37T°CICB T B h b =F B A A HERIEIH & 272 8 Fn
RLIED, = TOKGBERMETTHOTNITH#R & 2 0 ETFofafnn bz,
W N T U AR—Z =T XD aeE L 37T CEME T TE =, 0°C TIH@n v,
—J7. OCHHEDFIERITMVMRE TSI X bIET 2 Z EAME S TWVD B bR
MERX 7 LAY B T ZAR—=2—ENT1 DX 52 (70), 661W HIKBICIT 5 A
V=F VB IABRITKEIRE T ThH > TH LT 2 /MR H D, Lo
RoC, 661IW HIRIIZF T B L =F VB SAHZ KRN SHE LT KnfliX,
EMEE Lz, LU G, KEIRIE TORREREL Y A ITIER IRV L~
b5 LEZOND T EE Kl Z DOASEOME & KI5 72 5 FTREMEIE W,

HE Knfl (5.5mM) 1%, BEZD hZ > AR — 4 — (Octnl, Octn2, Octn3, B>,
Ct2;<ImM) LV L FEEICEL ., D =F AIE5 B9 Nat i FERIZ 661W Al
WD IAEN TS EEBEZ LGNS, ZUHIELENCHE SN TWD L =F
N7 UAR—Z —DFHH & —E L7272 (60, 63-66),

o, BBHOINV=F > v T U AR—Z—L LTOEEE LTHLNTH
HIEEMONTILS 661W MfRIZI T 5 W =F VIV AR HEYT, o
BERIDO I N =F > T v AR—4—D mRNA 1T 661W HIfZIZ I\ TR & s
Mmoiz, Lizo> T, AEIOFEENS, 661W fMizics W CBEHMDO L =F > k
T UAR—EZ—DBREREL TV D E WO RGERITHE 2 BV,

Mz T, MPP*, lysine, arginine 2 0" GABA [3H V) A TEMEZFHLE L2 o 72
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DT, OCT, WFAF M7 I /NI AR—F—F721F GABA 7 L AR —
=WV =F VED ARG LTS AIREMEIT IRV & B 2 LD, Choline
(TN =F B AT DBEE DO E MR AR L7As, CIFHMEAFR K O
fash pH & FHI 72 Bt Ix 2, 2 ) U h IV AR—F— (7T1) k=) >k
T UAR—E—REH RS (12) DEFEE —B L a0 Tz,

BEFND b v AR —45—73 661W HIfLIZ X DIV AAZHRATERNWI &%
EZDLE RAESN TR L=F 2 F T U AR—F =% 661W Hifd TR
LTS EHEESND, ZZETORBRETLOD &, 661W MIIZI T 5 ARH
DT U AR—=F =L, E Knfl, pHARFEE K& OS89 72 Nat (A & RE &
T2, KnEOBLED. 7 v M RIMEEDIRIZER W TR APED I /L =F B
DiAZ (Km:2.9mM) RHE SN TWD Z EITERICET S (67), SUMARITMRE
MlEO—FTH DD, 661W MlaDO I NV=F> h TV AKR—F—IL, T K
DU TEHRESNTBDOLEE#E L TWDL RN H D, Ll A =F D
AT HERROFEVNR A LD Z 0D [(67) &K 3], O R[REMEIX
WriE T&E2RU,

— T, pH LY NaYKAFRI R R EORE R 5 . 661W ML D 1L =F L HY
AT DHEF RN O0EETE B, 12, Mt pH o BRI v =T
YOO IABEARET D Z L5 661W MBI T 5 IV =F gk i 7 a
Fo (HY £7213e R 7 =42 (OHY) OdEN[FERFICE Z 2 aJREMEN
BHo, ~UAOMEB/NUENEHIICE D27 0= OB AL, pH IETFR
PR R L HERE s O ERIBI B2 R LTV D s ST s (73),
e, EERORFIIAHDOEETH D, fowmE L LT, SLC4ALL IE Na*fk
1EME OH Ll siE 2 B35 Z ERNRES N TV D (74, 75).

S BT, AN=F U DOREGTDIRNEA A OIREE THaik S 4125 FIREMEDS E
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ZEEEETS L, Natid, ML =F VIOH ik A BRICHMT S, HLL
(X v =F L JOH gk <0 J b = F 2 [H Sk A8k O IS A& U7z AL & % 5
HEENEH S TV DL ARER S D, —H TEOHREEZE S DI%, thokGA( 4
THDAREME L RE TE T, MDA A B2 2L, A Eo )72 Nat
At E 725 LTV D AREMER B B,

PLEX D 661W MIEIZ XD /v =F > OV AL, Na* (E 7213800 F 74
) EHEOREE L CHAT S Z LIk, OH gt 7213 HYxhiak 2z
PEO ZENRIREND, TRNETICZORMEE2A T 2ERID FIXHE SN T
WRWDT, ZDBLL S HROEEED S FRELFET H20I2IES 672
DA R DR LB TH A 9 M FRERIRIIRIMO L L TIEH D0, AbF
FEZ LD FRIL, ZOREICMTI-EERAETH Y . o FEERPFEE S
(X, RP <> AMD WFFEIC#T7=7208 2 B < RIREMED B 2

ABFFEDIRF L LT, MO H OB TH D /88T b s, 661W fllfidik
HERHIIIZ R L 72 S opsin 2 F8HL L TRV | KT T 2D & 503, 661W
HIR S SEBR DRI I 1T DA O EBRFERE 2 & OFRE I L TV D O )i
AHTH 5,

filiam & LC, ABFFEOMRIT, S TH 2 661W Mldid. pH KT Na‘fk
FRIEL Y AL 2T DB AR AR D L =F ViR A AT H 2 & &
#IHTH 5T L7z (Fig. 25), AWFZRIX. fMlaIcis T 2 v =F v DOfpEet
L2 S OISR 2 72 7o e B 2 B B 2975 EWIfF S NG5, AETIXZ
D E ST, 7 U AMEOEREMENT OBLE D . ~ 7 AMERAIIARIZ 31T 5 L
=F UHEREIC O W T ST LT,
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Fig. 25. Putative outline of L-carnitine uptake by photoreceptor cells.

The L-carnitine is transported from blood to retinal tissue interstitial fluids by OCTN2 on retinal
capillary endothelial cell. Then, L-carnitine is transported to photoreceptor cells by
molecular-unidentified carnitine transporter with low affinity and pH-sensitive uptake profiles.
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MM R MEE . IR B MEIE 72 & ORI MR B A2 RIET 5 & QOL NFE L
IRTT %, 2. 2 b OMREMREITAARIZET 5 H@EPRRE O AL
O TS, MR MR BT D8RSR B OETIMHEI A F.LTHY | 15
WD 3TN s | MIRIES T 7 VB 2 HI O TR R O SR RE
PERIB & S ORI, WO IV =F 2 b T U AR —Z —DRE K NZEDOEEEIZ
ODNTDILRLBIFADMETH D EEZBND,

Z TR TR, £~ U AMREEE €7 L Ol R ML L IREMH & L
T, AETEFMEEZBIETCELTIA TA A=V THINTH D OCT ZHW\ T
YU AMBEEEDOA A=V T E2 Tolz, DFIC, v U AMEREEET LVIZE
T DBEREMEMIBI RS OWFTE L LT, v U AMEEEFE IS T o 0 n T A NEY
n F U OFNIBEM 2T LT, &%, ~ v AR L P REAET 2 B
NS, IN=F 2 b T U AR=Z—DOBRN D, ~ U AWK BT % 7

L= F UREEE IO WTRET AT o T,

H1ETIE, FNEOHREET LD oL EZ BN TS~ 7 X NMDA %
MARPEE € 7 L2\ T, SD-OCT % FV T volumetric OCT i %15 C, GCC
JE~ > 7 2 FR L. NMDA # 5% #% 91 OCT HifgiZds1) % GCC & &l
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3. OCT Ibrf& it & fefkm{% o GCC FIXm W HES (r=0.81, p<0.001) #/~L7=,

F2E TlIX, v 7 ANMDAFEFEMNEIEE €T MZB W TarT /A NED 7 1
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