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In Vivo Evaluation of Leukocyte Dynamics in the Retinal and Choroidal Circulation

Yuichiro Ogura

Department of Ophthalmology, Nagoya City University Medical School

Abstract

We have developed a new method to visualize leu-
koeytes and evaluate their kineties in the chorioreti-
nal microcirculation of the living eyes. Nuclear stain-
ing dyes and a scanning laser ophthalmoscope were
used to image leukocytes in the fundus. Acridine or-
ange was used to visualize leukocytes in the retinal
microcirculation. For imaging leukocytes in the cho-
roid, indocyanine green was injected intravenously.
Dynamics of leukocytes in the capillaries of the ret-
ina and choroid were quantitatively estimated in
monkeys and rats. This method also allowed evalu-
ation of leukocyte-endothelial interactions, such as
rolling or firm adhesion, in vivo.

Acridine orange leukocyte fluography was used to
study leukocyte dynamics in the following experi-
mentally induced microcirculatory disturbances of
the retina : 1) interferon- associated retinopathy, 2)
ischemia-reperfusion injury of the retina, and 3) ex-
perimental diabetes mellitus.

1) Interferon-associated retinopathy

Systemic administration of interferon alpha en-
hanced leukocyte-endothelial interactions in the ret-
ina, which resulted in leukocyte rolling and entrap-
ment in the retinal capillary beds. Leukocyte accu-
mulation was also detected in the lung. The entrap-
ment or accumulation of leukocytes in the microcir-
culation was inhibited by simultaneous administra-
tion of corticosteroids or other agents. These results
suggested that leukocytes play a major role in the
development of adverse effects of interferon, such
as retinopathy or interstitial pneumonia.

2) Ischemia-reperfusion injury of the retina

During reperfusion period after transient (60 min)

retinal ischemia by optic nerve ligation, the rolling
of leukocytes in the retinal veins was prominent and
numerous leukocytes were trapped in the retinal
capillaries. The number of rolling leukocytes was at
a maximum 12 hours after reperfusion. Leukocyte
entrapment peaked at 24 hours after reperfusion.
By blocking adhesion molecules on the vascular en-
dothelium, these leukocyte-endothelial interactions
were effectively inhibited. Postischemic retinal atro-
phy was also inhibited by blocking adhesion mole-
cules. These results suggested that leukocytes may
be major players in the pathophysiology of ischemia
reperfusion injury of the retina.

3) Experimental diabetes mellitus

Leukocyte dynamics in the retina were studied in
streptozotocin - induced diabetes and spontaneous
diabetes (OLETF rats). In both diabetic models, leu-
kocyte entrapment in the retinal capillaries was in-
creased even in the early stages of diabetes. Fluo-
rescein angiography revealed that trapped leuko-
cytes disturbed the regional capillary blood flow in
the downstream. Enhanced expression of adhesion
molecules was observed in the capillary endothelium
of the retina in the diabetic rats. Leukocyte entrap-
ment in the retinal capillaries might cause microvas-
cular occlusions and dysfunction, in turn causing dia-
betie retinopathy. (J Jpn Ophthalmol Soc 103 : 910—
922, 1999)

Key words : leukocyte, retinal circulation, choroidal
circulation, interferon, retinal ischemia
reperfusion injury, diabetic retinopathy

1 ¥ 8

Tk, MMRM R OBUMEBR OIFZE T & L T, HOEIR
B & B MAEMGE DR, HBViZL—HF—Fv 7
F R L —H— Ay 7 OVIEIC X B AR mER NG 0§l A%
ELTHWHRATETWA. SR OmEEEmE T, feke
B A Z T, FIER & v ) B S BRI o B/
WEBR % 4 2 THATz.

HImER MmO b TR KE {, IEFBUNMEBRIC
BT b TS 0B ZOMBAEOLE: 2T 5.

1L ER B 43 D HE I T HE 0. 1% 12388 & 2w A%, B8RP T
I AIMHE DR 22% % HOTW A, Lzdi- T, M
FEOICT, TR BT I, A PN R M o 24k 2
R ETAHMET, AMERIEEM MA@ L i< <
L0, BUMEREEORK E 257, £ 72, HILER
IHE 4 DRSO 2 4 LT BRI & BB L, A
FAhA R EOLERE R EL L, IEEAEOELR
[T O SAE O SRR G- LT Wb T Edibdro
TETWA " DDk ) BEENIL, MMERIZE
A MO EHANVEH SR TETW S,



912

L L&y o, IRFHEE T o F mERIGERIZ 3 5 WF e
REDLDHTLL CFFITERIRICBLTIRFRNHBS
TR O F L ERBY & RAL O D D 2 DA T
HH2 P ZONFETHECEEEH L 2RISR 5 N
BLG & FIH L€, BRI o MR LA 2 i A 1Bk
DHELFELERILT 2 TETH LD, HEM 2 HRE
ThiHI L, AMKOBEESALARE ZELTLDY
WAoo nwWZ b EORREYH L.

A2 B ETHILT 2 )P rF Ly VL ER
Mb~$~@%ﬁ%&MLtﬁwmm%Wm%uﬁw
THIMERZ BELT 2 2 & ATl L2™®, K395
B OREHNTE ﬁxmbwnm&m 2 i fR & L
THiZBZENTE, T2, FOHEEMTTAZLICE
DA REMICRHIi§ 22 2 LRk R RS %2 4 L
s

I HIRASEIER T OamE
E{®1b & T OEBRIFHE

ToUIF LTIl L HBERFERTOHMBRE

&1k

FEEENE, TV, Ty b, A2 W7 i
HRogkd iz ttEZThr7r) Vot L v Y
MW/ 72 ) P rF Ly VIRt R R L nas,
DNA LHE L ZORICHEEZRL, MEP TIZH
MERD AA et X425 (X 1), F 0¥ Tk 1k & 492
nm, HEEESBmMm ETLF LS yF MY ADH
WART b7 AT, BRSSO 7 1 Ly &
HOWT, Z08EEERNTHENMERTHSH.0.1% T

sVT ALy VKRB EFIRNICERYS LT, EAR
L —H — MR TR 2 #1155, 1% o L2z {2 S-VHS
TFT—=FIRE L300 7L—4).

2 ARIT LT = LIl E B RBEBREIRETOA
M ERE 1L

TZINYYF L DICEalETEBIRERIC T VT
Y L= =% M B 72012, RYIBHTER T o i Bk 1 52

HHR£EE 103% 12 %

K1 FoUZHL T EBERABE L S ILOFKRY
MAEERDE K FEMIFERTR.
FIHILERD A DRV EOEF R L T B,

SN D D%, IRAEGER 00 [ MLERZ G ASH 3 L 2 v 2
DIz s N v, Ld> T, IRIEIE D [ ER mi £k 1=
i{xl/?ﬁxﬁu—/%wMWL%ULﬁyh
L=H— I Lo TIREZBE L. M 2R34T
H5H M, {/b/?_/70~/#m&WLPU¢5%
FHILER D A et S B (14 2) . 24 8%, M5B o 17 1Bk
LN B2 A, FOBIED S ML & RO [ 1 5k %
KB4 52 L EHETH -2 LEREBWIZIE, BT v
k& w7z,

3. E&MEITIC K 5 B MERENRE O E 2 1Y Tl

EFrt F—FICii# S Mgz e r+ A F—F%
LTI Ea—F 2D AR, WG 2T, e D
1 I £k o0 95 BB E % s S SR L 72 (1 3) . e L ¢
WDAAZNEES T 2 varyda2EI2E0,H
-OHAMEROWMMEIBE) 2 EHFTEL (). 7L — A4
L— M 1/30BTHEOT, AMERA M L7 L— 24
Hf%ﬁLtﬂ%#ﬂ f&_tc;o 1 I Bk 5o

ZRHMTAILENTEEE A (5.0 ¥ a— 7l
&ItMmLtWMI_%hHrMHm#b}WLLW
R THREE - ToliEE (mm) (2305 L 72,

B2 AF7Z2T7) -2 BRAKEL -5y b OREMAERDOGARZENSE (L), 5 LUFHH

FERERAT R (B).

HIMERD A HSHeft X, HOER R LTV b,



T 114512 H 10 H

3 HIEBEHESBTOTIVI AL VEEMR.
CFAmigE Iy o=y TFYY A X LTI
Heta TR HMERATHES E LTHESh . F it
Lol O E R

M4 EEMICTFIAA X LEEGREY TS0
TAHRIEICEY,—o0AMBOEHMEEE&ILT S
EHNTES.

F il oz R,

6 —— EMmEHN ————»

mimy/ sec

HEE,

I \ : J
0 200 400 600

MR, msec

X5 E40EMBRORE % BEFERTICEYEHLLLER

HANRASBEAGBR A 350F B A EREEFEA & 2 OB - /il 913

6 e B BN —

mm/sec

R,

0 200 400 600

FEMEEE, msec
e %%ﬂiﬂﬂmwrﬁ§bfham¥¥®£§7"u7 1 I,

B7 L— ARIMEREEEA 0 & 2 0, BRLME P4
LTw5

1 2 3 I 4 I 5 I 6 7 8
FegERER], % 33msec
X7 EHMEARTORAMIKORERR.

BREREIIZIFEALOAMIKEBI%TL 7 L—A4(33
IR ThHoT.

I IERIRTOMIREER B mIxE) S

1. YIVIRMEER T O B MERENRE
H =7 A OB T ORI N TOH

il 2K 2 BE 1, 0. 92+ 32 (F 2 i =% #E {f %) mm/sec T
Hofe. Zoffiid, HFoNHBALEZFH L TRB A
R T o s B0 HIMER#EIE & LB LTH U NS SR
OF R S A, F 72, 4 O i EREYE 2 G
R A L, RIS B M N TEILT A 8%, T4
HH FMLEK O FZE (plugging) 23E1%: 2 72 (B 6) . AR A
ARRET &, S BEEBI 6 2l 9 5 HILER O 32% (2 ke gk
AA SN REOREMIZIZE A EDOFIMERT 1/30 £ 21
HWTd -7, ECRETLZAHMERD ALNA (R T).

2. Zv MEBETORIMERENE

Sy MIBWTHTZ) IV rF L rViiEEe Hy
T, MBI RTO A MERBE L E b3 5 2 LAHET
HoB 5y MTHE, BAMMEZ T T8 L, WEER



914

e

- S ks &

X8 Ty NBHEETOF7ZIUL A FL T EEmMR.
FEAR L —F— RSO W A 20 B THeE L - g,
g AL P A o0 A% (P12 0 23ty & 40 T i 4 4
P& b s, BAEENG, BMHIOGE N % BT 5 FlIER.

retinal vein

optic disc =

- choraidal vein

9 T v MEIREEEMIEAROS MEREIEE.
EFt el TV 24 XL, 37523 >
L 7= mhif%.

iRz BT AmskEE O M fETH b, Bk
W T2 1 29.5£7. 3 mm/sec (53.0~15.7), ¥k N T
1EE 17. 45, 3 mm/sec (34. 9~8. 1), EMIILFE N T
1.4+0.4 mm/sec (2. 4~0.5) Td - 7=. THI ML E N i
RAEEIZ, P IVIREBELTRRHEMETH- 72 F 72,
F v MRIEASAEDSKE CIRIKESIE KSR S 72812,
TAM LAY % WAL D FILER O GFEMAREE T RE T - 72 (¥
38).

3. 7 v MEIREEE TORMEkENRE

AR T7 =) — EEERIEIC L) W L7k

HENEAFE T O H MLEREHRE S, |- AJ_U)}J{L%J Hwa Z ki
L0, A LA HETH - 7’_ 9). 7 v b ORI EH
MAE N TOFIMERE L (L 0. 74 +0. 06 mm/sec T, M E
MM O B ILEREBE OF) —r D —Tdh - 72"

IV RROEEERRE COEMBHEOFHE

riko T ) Y rA Ly VIC kA HMEGEIN G R
IEHUC%%MVﬁﬁttﬁﬁﬁhwﬁtmﬂmmﬂ
O %2 17 - 72, ], KRGt L 22 EBRETF Vi, 1. 4 >~
¥ —7 x 0 HMAE, 2. ML I HE G, 3. JE BRI BE IR
WTH5H.

HIRZEE 103% 129

E10 12— 7 0 %BE50LE5y b TORES
RAGAEMmERO—1) > 4.

BE O FTMLER (JED) HYFRIREEIZHT - T
BT 200 % s,

Wol e

1. >4 —7 1 O H8EE

A vy—720YFa,pyeEDY T84 ThbHD
P50k BABKRTEAL LTHYLERTWSE ™, £ &
y—7xz0 3%, FHA O—HT, AV AERE,
G0 TR, IR B8 SR PR A A 2 LR 2 &
DVABWERERPHRE IR TWB. BKRTIE,C
RIRF 92, BAERESH A L Tl & SR TWwa. Lo L, #
HAZBR L CTEEIER A {5 B 058, BIE, H1t
g AR, MR R RE AR, I BREHE IR, & 2 W TR TE, Bk
Bk, AR, R AR, R 2 25 B A BRI AT
WMESNTVL B L - T, MEMN P R 29
DIRER EFRICELEMELRESR TV S

AR B T3, 1993 4E Guyer & "I :hwnkﬂtf
=720 HEBEAEATD U, eI L R i %
M AERR F BE % ok L, HOGHR IS & 52 C g AT 0 5 1 55 14 2
WHAOLNDL MO ELZ KT EIMTHLH A ¥ —
7o EGEBED 40~60%I2A 5N L EREYER
Twa, Lo L, EHIEHEDKMNIEAHTH S,

SR, BRIy PERHRELT, A ¥y —7 20 ¢
AR kg 1720, 10°0~10° FEERHAL % 30 44T THDR
WG L, Z0RBICT 2 )Vt Ly VHlEREICE )
AN BT o> [ M ER B 8 2 SFEA L 72,

{ ¥ —7z0 %85 L7y MZBWT, MEE
BEHRNEZD—) > 7 LTwD AMmERASH SR (11
10). &% 7 v b Tid, Ao o —") ¥ 7FidEgshi
Mot 72,720 Y Ly VEE 30 4 I Ik A
hoZEAEI L TiRh o FmERizI0EE 8 L { %
A A%, BAIMAE IR S oz AR iZ 62w 4 72
O, BEIEH L. BES Y PTREDLS
At s hi-AmERO I Lot A ¥ ¥ —T =
0 &Y L -8 C U3 AT SR A S A8 T A i A L
ENAMEROEABIM L Tz (K 12). DL E o3
o, A vy —7 20 OS5 IMERHEICBI S HI
RS 1k & 0T S8, FERIC X 2 MO TR i 4 B 2k %



ERE 11412 H 10 H

Dt

B11 4>4—-7z0>%#%50LE-5y FTR,BBEE
HMEICHIE SO 2 amMERE A ML TUW i

30,

Al 20
i
# 15

mim~ | P—

10

0 E . -t 7
o) M 1 x10°U/kg 1%10°U/kg

H12 HEEEHANE TCORMEBRFREE, BELLET
A—7 1 OCOREKREHICHEML /.

B L TV ALtk e Shiz. 72, TOHMERIC &
LEMINEHRENA ¥ 5y — 720 VBHEOAETH S
gt i,

KA, FIEROIGTELL, 2 B W3 P LER ok 35 1 70 %
HEFTZ2HERMEZ2HE LT, A5y —7o0 72 L 280
EAILAE T O F M ERAH PR 3 5 8 % Keat L 2. Wit
LA, 7LV F=vo v, @ /s bl T
HRHEA, O A== FHA F - FLAI2—F—
A(SOD)D 3HWHTHAH. 4 7 —7 20 ol X10° [H
PRHLAL /kg) % Ll o FZBR 7] Bk, SRR N EE 5 L, [ 12w
ThroMERZzHRG L. 20k, 7203y
(2K WP P M EREYE & Al L Az X 13 2R AR R T
AT O EA D FLER I & 2 W1 E A 5 o 42 28
A EICHEIR L 22" 2 S OFEE B 1%, B i ER o fE g
EMIMAE ~DOWILOBIHNAA > ¥ —7 21 12X 5 i
HOWEALS L OHAFEDITHETH H 2 b % By I
ET B EFFEC, WEER EDA v 7 —7 20 ¥ DREIE
HAEACTHHITELI L ZRL TV A,

2. MR ER

LR O HE M0 P O B L M ER AT G- L T B 2 &
&, 0F, Bz EOMBETIRFMICRE EhTwa s ®
25, MO R MR O A M ERENE I L T T Y
I S AT 2O T, HE L7 0 FERHE DR 2 1T I ER

HANRAE G ER (2 B0 2 LM ER B E AR & = 0 3% - 915

;mﬁt

APEERE TFNoO A PSL SO0D  anti PAF

(13 ZFAIIC & 2 BEEMNE RS MRHEROEEME.
IFN : interferon, PSL : predonisolone, SOD : superox-
ide dismutase, anti PAF : PAF FLE#| GE L { (24
ZH).

3 . &
4 1 . e
" o Ty 4
- | &Y
' w W Ty
A o i
b e O -

L VA" S S0

14 HEENBERICET2BESRRANEFO-Y >
4 5@ MmEk,

AEHNMAE % PHZE L (non reflow B14), 898 L 72 1 1 5k
PME N EMEIERT 22 L& DG e L, it
BELEDZ VAN EEEL, MMEHEETLZ EPW
HINTWAB, 72, FERMICIER O LBk % R 3
LI LI MM EEHETELZ L MSATY
SO REIMIZ BT FAROEF RS ShTwna,
F 2T, SN R — BB & R L, FEREEO
HPIC 31T 5 B BRI 2w TR L7z,

FEEEWIZ 3 AT » b (Long Evans) & i L, #gls
BT RECTHABEEZHET A I LICL D ERL
7270 ARG DRGSR A T IBE Ll IR o i i
WAL L72.60 SO EMOME, #E L Twaikah
R fEbE LT, MO MGE & PR S8 70, PRER R, 1,2, 4,
6,12,24,48,96, 168 BEiRIZT 2 U ¥ v F L VIck D
M o (1 1 ER Bh BE 2 FRA L, i & 47 - T v v i
Fw bEHEL.

FRfET T2 4 BER] 20 &, ML RN A 0 — ) > 7
D2EBOMERABIEE SN (M14), FO B4 o8
ML, iR 12EMBICE— 210 L, Z0HIZMP L



H( 60

940

20 T|
0 . -

1 2 1 6 12 24 18 96

i o I 1)

15 MEEINBERICH T 2 \EFIRKTORAIMmB
— ) > T OEEFRIEAE.

2(K15). £72, 4 ¥ % — 7 = 0 » OFEERF B, 8 15 TAl
M5 SR S - FmER O B b BRI B, R 2 128 L,
M%Wfﬂﬁf&otuan)urmﬁwi%WW
I ML PSR GAE I L (AL PN B D 4555 20 & T IILER & D I
IGASHE L, MRS BO MBI HEL TS D
FERERIRTHEHLAE™, 2oL ) RAMKOEREE
ML % DML E B LT B R A E X /.
HRAZ, FAET A S A7z 1R L P T R o) 1 L ER SR A o 1
-2 it L, R & oA a3 5 H T, BLF D

TR AT o 7z,
N B OHL A S 2 A I"t”“f"

FIIfILER & 1S
N D, AmEkE X AT R o Fmi A AR T

FAREDOMIEIZE D, 22 VIR TETWS (Rl
18)% M= M ER & B W i AR PN AN L2 ] S A

gl AT 5 2, FHIERIZMAS N EAILO FE@ - <)

HERZEE 103% 12%

16 MEEMEERCHT32REEMME ICHIES
h /- 8ImEk.

1000

800

600
il
!
KL 400

mm®
) Wt

lh 2 4h 6h 12h 24h 2d 4d 7d

i 510 5 [H]

17 BEENEERICHTA2BEEMME (CHIES
h - Bk 0FEFZE1L.

EHEAS A L9127 (rolling), T —1) ¥ 7"L" Wwib9bh L P oz A5 5 Foh T, 1 =) » 75
W EMERIZ TR EAE L, INBE & i R A 5 INh B LRS- LTIl P-selectin % E-selectin 72 & D &
(firm adhesion). W IZHiAE L 721 l[ﬂlh}di. K TIME LoyF 773 — AMKOKEICHGTHHEFLL
ARzl L Tw < (emigration). 2 @ X 9 7 FIALER L4 Tldintercellular adhesion molecule (ICAM) -1, vascu-
M Hz #1 14 H (leukoceyte -endothelial interactions) (2 [ lar cell adhesion molecule (VCAM) 7 &4tk < WfgE & 1
54 BEAETTHE LB EIN TS, TWwh,

o R e R B A RO i G B R e i R A L S R R R

Rolling Activation

Adhesion

Emigration

18 BmiF-— MEAREEFRORKR.



ERILEI1ZH 100
120 &=
100
:
12h 24h
BRI N

19 BEEOFERICET2amMEFO—- > FICxd
T %1 P-selectin {FDZHE.
DM AERE [ B P-selectin PGB

1000

800

P BIE IR (]

20 EEERMEERICSH T3 HEE DTS mEE
RIS B8 P-selectin HiF, B LT ICAM-1 Hifk
DFhE.

[0 i rE#e e [ 3T P-selectin PUfAd 5.8
D HLICAM-1 Puikd 5.8

- Rtk o 4 % 1 i P B 7L % T, i R B RE (2
X9 % P-selectin 8 £ ' ICAM-1 € / 2 0 —F L ifk
OfEEHRF L. ZRZN, HHERS 50, P-se-
lectin, ICAM-1 {Zxf4 5 F / 70—+ L HiE % GHIRIN LIS
TG L. 208, FilER S 4,4,12, 24 BE] 2120 — )
Y7 LTS MmERE, MBI S s A ER B R B
fili L7z, %72, KBk 7, 14 HICHBEEEA T, @O E %
Al L 7=,

P P-selectin b2 5 Li#Ccid, u—-) » 45
FImERECEFH IR LTz (B 19). F 72, 3l
RENT-HIMERE D ki 5 HTHHE S Tw 2"
20) . ALHAG E I, B R CHIEOE 3 % 5
L 7273, JUAd 50 TR MG AN & Fei L C, MM g o
BEIRIE TH o 72, L EOFEERRE R A S, MM P
OEFFTTEHEST S 22X Y, B O Bk
WHEMEERZEITE 5 2 &, £ 72, HIERERE O]
VARG 2 R XD I AiEE S,

MRS AR B 330 B P ERBYE AL & 7 O 3% - ANk 917

Ly

H21 JUICRIMNERETIVICE T 3 ERFBE MR

DEEFR.
BERA TIZFMERZE AR AR T L, B 2 P ZE L
TWb,

3. ERIERR

BEFRAG 2 BT 2 @B OB EORFE I LT
2, % { DWFFED R SNTE 205, REZICARW & A%
W BRI A OEE O K & 7 B LR b v { oA
FEUE 2T 2%, MBI AE N R 45555 & o [ o RN
R S LT ® ),

FERIE COMBAERBECH L CTL, WIS L DE
Bt & 2 VIR IIF A TA R TETE Y, fi 4 DR
B2 3507 2 WL I 3E 00 3 A R B AT T B T v
L. LA LA S, LT O M O Tk o v L2, o &
DAEBEPOHRT 2RO ESATEBY, 22ah
H LA ohTulin, —oFRE LTk, &
5 R & 5 MBS RO 2 LI EMME O L <L T
WE 5 EEZ 605755 BMILE L~V ToOMEE LT
FHEEHETH D, KD % O MBI B im i %
HRIZLTEALZLLBTOLNLETHS ). SHOER
FEELTHWETZ) VA Ly V2 s amEkERE
Fi, o=y AL EoHMER S mENE ORI
PER AR THMTE 2200 TR BHMEkE~— 7 —
& L CTEMImE o Mmik )z sH i T & % L) Fh'dh 5.

BRI ICBWTHMERIZE RS T LT 0, {5
LTV B LEIEMENELEE LT hoTw
LI ENPMENENTWE. L DUEIIZY ) 2D
Pt/ NGBS E 75V % T, SRR O 11 MER A A 1l 55 1
MOBEOREMRNE 2o T2 8E L7z
2™, ARSI B TR PR 95 o0 MBS E A i A 1] FE L2
FIMBRASE S L TWwab 2 2 2HEET HHE Y A
b,

o], SR FFERE R & B IR TSIERE RS O 2 2 D R
MHEIRAE S v b2kt % s LT, #IETo A i Ek B HE % 5F
il 7z BERAREHE LTIEA LA S b o 2



918

E22 APLTPIPUOBRERRBZ v b TORE
FEHHMER B MmERHIE.

205
P=0.008

15
#
i I
LT

mm”*
5 1
0 - T
BRI FORERHE

23 ARLT RN OBRERBZ v b EXEE)
MTORREEMMER (ZHE S h -5 MY

o
£
(24 BAREERBOLETF)Z v b TOHEEEHMM
A B MERETR.

FHLAEAREkg 4720 60mgPAMLT RS I »
ZHEIR IV Ee - L, Bl DR TEE 2 ifE R TR 4 G H 12928
AT otz AISERERE RS & LTI, Otsuka Long Evans
Tokushima Fatty (OLETF) 7 v b & Hlw/z. ZOET I
ARG, FIAE, 4 > A B4 £ b @ noninsulin

HIRSEE 1034 125

207 P=0.008
15
ol |
i
B 10
lﬂlﬂz —I——
5
0 | ’
OLETF LETO
25 OLETF 7 v b EXBEIM(LETO) TOREE
HRIMAE P9 (23R & h 7o B ImEREL

E26 OLETF Z v b TOHBEERMEICREL -
MERIC & % EHINE RS,
B P IMERARRIE L T B 5 2 7R T

dependent diabetes mellitus (NIDDM) & {0 L 72 55 #%
AT L, BERRA AR EE 70 72 & FINBE D FEAE A <, HRECHT
ReRHMEIIblo THETE S HAH 5. OLETF
F o MaAE 18P D S EIMEEE 5 L TL %25 40
VLB BRI SR AE TR 6 H OB & M L CHEBRE T 2.
MFELIZT2Y T Ly P L BEEr T, S
B AT T o P i ERHE BE, T A (B S 2z BBk
B o shy & ket L7z,

MMM 2B 2 FUEREBE X, A LT RV b
T UiEEMIRN T F,OLETF 5 v FPEBICHBT »
FEE L THES AN o7 L L, BT
MAF IR sh T ARz, 2207 I
RAGEECTAH IR L Tw /(K 22~25)™. @ F L5k
12X 2 EMIMEORET - BEDLOTH D, BHTH
4 LT el o OGS HGE 2 iifT L7z & 25, M
TR i 5 9 R ML LA 20 © O 7 & B BRI 2R
HREHREA LN R 228 MM ICHELZA
ML ER AR AT O BRI MLk 2 FesE L T AT s



P 114 12 A 10 H

It FE AT

[EMEkZ L T |

L4 PN e e D 45 45 53 1 e BLUL A |
Emﬂw%%mﬁﬁﬁbﬁﬂﬂﬁ
%%%%?m%%%

A B 1

!
— L5 A B A e 5
M27 RS 5 BRIMENEEEOREF (KB

7z (12 26) .

OLETF 7 » MIBWTHRIEMAMSFMIZHEE T P-
selectin B X ' ICAM-1 DB AME Lz 2 A5, WH
OFEFHTT L HICHEBIME DI EHICEZ A2,
Western blotting 12 £ 2 M B OFFMIZ B VTLH, &t
WO LETO 5 v MMZH~XTOLETF 7 v bTid¥imL
TW/ ARV R P VFRBRES v PIZBWT
b, ICAM-1 DFRBUTHEE AT,

L E o FEBRR 5, BRI 2B W TR AE 2 5,
MR 2 B W T AMER O BYRE SR A A & 4, F
BRI X A TN @ — @Y o gk E A E E S iz (X
27). FORKE E LT, MERF I & 5 B IMERE GO
I, RN I IR A & B VAR T, MR P Rz A e o>
BAESTORBRAERENEZ DN 2O L) ZHIML
ERIC & B BAIMAT 2 X, BRI FE O A S g S h,
TEA 0 R L E M TTE IR L TR - TED,
BEIRAGL & 2 MY N R oo o 1 BT & 2 Wik
b S,

Vi bl

BT, T2V I F VIR, Y P77
1) =22 X BN X ORI T o 1L i ER il {1k o> T 1
REIEL, T H 0T % Hv T EBG LG B R 12
B2 AL EREYEE O B4 2 A TR L 722, AT,
4 ¥ ¥ —7 20 YN , WL ML e, BRI R 90
D3 ODOMEIHERBEEEF L EZIY LT 7225 wiFho
BB T b FUMERAYE BRI & 2 v (LR A 35 L2 A
BIZBE S LT 2 EERAS RAE S e, £ o, #isEs
WRPAZERE, FEBRYS L BEge, ma L AT 0 — Vil % &
DIREIZHB VTS, HIMIRA G L TWE I & ZHMERRL
THEY, WEMNMERE % 2 5 ETamERiZ R & 7 % #
ERELTWAS T EHSHB L7,

Zth, S ST BT A FMER & e & o
HIHAER & 9 B & RIS/ B B 5 O 5 HE % ff 5]
L, BB W LIERETFHICo20 5 L) ik ZEiro
TWELWEEZTWS,

REMZDLIZYLY, MEREOBEEEITWAEET

HENRAR R BRI 454 F % P ER T RERTAN & € O T - /Ahi 619

L7z HARIBFHESFEA SN, 2 5T EEFHBO Tz
EF LAFILEEMGE RS SEIZIC O 6 RS L X
. F 72, AW THE L 7230 P-selectin HufRIC B L TIEEA
BSERA T FE AT B M — B S 2k, BT ICAM- 1 HUfRic I L T
KK EE GBS 4 2 F 1 HVBEHEL Y ¥ —HEEZ
A, BIERR R R AR EREORE ML, 6 T
5w EF LA LE, RLTEH L 3. &EILC,
PNMGERIZ BT 2 FMER B LT, F 8 A R & Fp o 2k &
oz E% W/ & T L7 John Hopkins K47 E 4= IR F
Ran Zeimer #2205 b &S 72 L 9.
AfFFEo — I, BRI R O 2 2T 7.

X ®

1) Sutton DW, Schmid - Schinbein GW : Elevation of
organ resistance due to leukocyte perfusion. Am J
Physiol 262 : 1646—1650, 1992,

2) Schmid - Schonbein GW, Sung KLP, Tozerren H,
Skalak R, Chien S: Passive mechanical properties
of human leukocytes. Biophys ] 36: 234—256, 1981.

3) Bagge U : Granulocyte rheology. Blood Cell 2 :
481490, 1976.

4) Bagge U : Branemark PI: White blood cell rheol-
ogy. Adv Microcire 7:1—17, 1977.

5) Bagge U, Amundson B, Lauritzen C: White blood
cell deformability and plugging of skeletal muscle
capillaries in hemorrhagic shock. Acta Pysiol
Scand 180 : 159—163, 1980.

6) Braide M, Blixt A, Bagge U : Leukocyte effects
on the vascular resistance and glomerular filtra-
tion of the isolated rat kidney at normal and low
flow states. Circ Shock 20 : 71—80, 1986.

7) Engler RL, Schmid-Schonbein GW, Pavelec RS :
Leukocyte capillary plugging in myocardial ische-
mia and reperfusion in the dog. Am ] Pathol 111 :
98—111, 1983.

8) Gaehtgens P, Ley K, Pries AR, Muller R : Mutual
interaction between leukocytes and microvascular
blood flow. Prog Appl Microcire 7 : 15—28, 1985.

9) Harlan JM : Leukocyte - endothelial interactions.
Blood 65:513—525, 1985.

10) Mayrovitz HN, Wiedeman MP, Tuma RF : Fac-
tors influencing leukocyte adherence in micro-
vessels. Thromb Haemost 38 : 823—830, 1977.

11) Schmid - Schonbein GW, Skalak R, Simon SI,
Engler R: The interaction between leukocytes and
endothelium in vive. Ann NY Acad Sci 516 : 348
—361, 1987.

12) Schmid- Schiénbein GW : Leukocyte kinetics in the
microcirculation. Biorheology 24 : 139—151, 1987.
13) Schrioder S, Palinski W, Schmid - Schonbein GW :
Activated monocytes and granulocytes, capillary
nonperfusion, and neovascularization in diabetic

retinopathy. Am J Patho 139:71—100, 1991.



920

14)

16)

17)

18)

19)

20)

21)

23

26)

27)

Sheridan FM, Dauber IM, McMuriry IF, Lesne-
fusky EJ, Horwitz LD : Role of keukocytes in
coronary vascular endothelial injury due to ische-
mia and reperfusion. Circ Res 69 :1566—1574, 1991.
Wilson JW : Leukocyte sequestration and mor-
phologic augmentation in the pulmonary network
following hemorrhagic shock and related forms of
stress. Adv Microcirce 4 : 197—232, 1972.
Yamakawa T, Yamaguchi S, Niimi H, Sugiyama
I: White blood cell plugging and blood flow maldis-
tribution in the capillary network of cat cerebral
cortex in acute hemorrhagic hypotension. Circ
Shock 22 :323—332, 1987.

Granger DN, Schmid - Schonbein GW : Physiology
and Pathophysiology of Leukocyvte Adhesion. Ox-
ford University Press, Oxford, 1995.

Butcher EC : Leukocyte - endothelial cell recogni-
tion : Three (or more) steps to specificity and diver-
sity. Cell 67 : 1033—1036, 1991.

Granger DN, Kubes P : The microcirculation and
inflammation : Modulation of leukocyte - endothelial
cell adhesion. ] Leukoc Biol 55 : 662—675, 1994.
Korthuis RJ, Anderson DC, Granger DN : Role of
neutrophil - endothelial cell adlhesion in inflamma-
tory disorders. J Crit Care 9:47—71, 1994.
Lindbom L, Xie X, Raud J, Hedqvist P : Chemo-
attractant-induced firm adhesion of leukocytes to
vascular endothelium in vivo is critically depend-
ent on intial leukocyte rolling. Acta Physiol Scand
146 : 415—421, 1992

Robinson F, Petrig BL, Riva CE : The acute
effect of cigarette smoking on macular capillary
blood flow in humans. Invest Ophthalmol Vis Sci
26 : 609—613, 1985.

Fallon TJ, Maxwell D, Kohner EM : Retinal vas-
cular autoregulation in conditions of hyperoxia and
hypoxia using the blue field entoptic phenomenon.
Ophthalmology 92 : 701—705, 1985.

Fallon T]J, Chowiencyzk P, Kohner EM : Mea-
surement of retinal blood flow in diabetes by the
blue-light entoptic phenomenon. Br ] Ophthalmol
70 : 43—46, 1986.

Fallon TJ, Sleightholm MA, Merrick C, Chahal
P, Kohner EM : The effect of acute hyperglyce-
mia on flow velocity in the macular capillaries. In-
vest Ophthalmol Vis Sci 28 : 1027—1030, 1987.
Nishiwaki H, Ogura Y, Kimura H, Kiryu ],
Honda Y : Quantitative evaluation of leukocyte
dynamics in retinal microcirculation. Invest Oph-
thalmol Vis Sci 36 :123—130, 1995.

Kimura H, Nishiwaki H, Kiryu J, Ogura Y : A
new fluorescent imaging procedure in vive for
evaluation of the retinal microcirculation in rats.
Curr Eye Res 14 : 223—228, 1995.

Nishiwaki H, Ogura Y, Kimura H, Kiryu J, Mi-

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

41)

42)

HHRZEE 1034 125

vamoto K, Matsuda N : Visualization and quantita-
tive analysis of leukocyte dynamics in retinal mi-
crocirculation in rats. Invest Ophthalmol Vis Sci
37 :1341—1347, 1996.

Matsuda N, Ogura Y, Nishiwaki H, Miyamoto K,
Matsubara T, Kiryu J, et al: Visualization of leu-
kocvte dynamics in the choroid with indocyanine
green. Invest Ophthalmol Vis Sci 37 : 2228—2233,
1996.

Baron S, Tyring SK, Fleischmann WR, Coppen-
haver DH, Niesel DW, Klimpel GR, et al : The in-
terferons : Mechanisms of action and clinical appli-
cations. JAMA 266 : 1375—91383, 1991.

Doane LL, Ratain M]J, Golomb HM : Hairy cell
leukemia : Current managemant. Hamatol Oncol
Clin North Am. 2 :489—502, 1990.

Talpaz M, McCredie KB, Mavligit GM, Gutter-
man JU : Leukocyte interferon - induced myeloid
cytoreduction in chronic myelogenous leukemia.
Blood 62 : 689—692, 1983.

de Kernion JB, Sarna G, Figlin R, Lindner A,
Smith RB: The treatment of renal cell carcinoma
with human leukocyte interferon. ] Urol 130 :
1063—1066, 1983.

Sertoli MR, Bernengo MG, Ardizzoni A, Bru-
netti I, Falcone A, Vidili MG, et al : Phase 1l trial
of recombinant alpha 2b interferon in the treat-
ment of metastatic skin melanoma. Oncology 46 :
96—98, 1989.

Hoofnagle JH, Mullen KD, Jones DB, Rustgi V,
Di Biscglie A, Peters M, et al: Treatment of
chronic non- A, non-B hepatitis with recombinant
human alpha interferon : A preliminary report. N
Engl ] Med 315: 1575—1578, 1986.

Brouth-Boye D, Zetter B : Inhibition of cell motil-
ity by interferon. Science 108 : 516—518, 1980.
Sidky Y, Borden E : Inhibition of angiogenesis by
interferons : Effects on tumor and lymphocyte -in-
duced responses. Cancer Res 47 : 5155—5161, 1987.
Miller JW, Stinson WG, Folkman J : Regression
of experimental iris neovascularization with sys-
temic alpha-interferon. Ophthalmology 100 :9—14,
1993.

Fung WE:Interferon alpha 2a for tretment of age-
related macular degeneration. Am ] Ophthalmol
112:563—568, 1993.

Chan CK, Kempin SJ, Noble SK, Palmer GA :
The treatment of choroidal neovascular mem-
branes by alpha interferon. Ophthalmolgy 101 :
289—300, 1994.

Guyer DR, Tiedeman J, Yannuzzi LA, Slakter
JS, Parke D, Kelley ], et al: Interferon-associated
retinopathy. Arch Ophthalmol 111 : 350—356, 1993,
FREE, EHEA, EH 12 A5 @) EFTEX:
{5 —7 205 BECHASREREGIHEIC?



FRE 11412 A 10 H

43)

44)

45)

46)

47)

48)

49)

51)

53)

54)

W, HIREEE  96:616—621, 1994.

Nishiwaki H, Ogura Y, Miyamoto K, Matsuda N,
Honda Y : Interferon alpha induces leukocyte cap-
illary trapping in rat retinal microcirculation. Arch
Ophthalmol 114 : 726—730, 1996.

Nishiwaki H, Ogura Y, Miyamoto K, Hiroshiba
N, Hamada M, Honda Y : Predonisolone, platelet-
activating factor receptor antagonist, or superox-
ide dismutase reduced leukocyte entrapment in-
duced by interferon alpha in retinal microcircula-
tion. Invest Ophthalmol Vis Sci 38 :811—816, 1997.
Ko W, Hawes AS, Lazenby WD, Calvano SE,
Shin YT, Zelano JA, et al: Myocardial reperfusion
injury : Platelet - activating factor stimulates poly-
morphonuclear leukocyte hydrogen peroxide pro-
duction during myocardial reperfusion. ] Thorac
Cardiovasc Surg 102 : 297—308, 1991.

Romson JL, Hook BG, Kunkel SL, Abrams GD,
Schork MA, Lucchesi BR : Reduction of the extent
of ischemic myocardial injury by neutrophil deple-
tion in the dog. Circulation. 67 : 1016—10, 1983.
Vasthare US, Heinel LA, Rosenwasser RH,
Tuma RF : Leukocyte involvement in cerebral
ischemia and reperfusion injury. Surg Neurol. 33 :
261—265, 1990.

Connolly E Jr, Winfree CJ, Springer TA, et al:
Cerebral protection in homozygous null ICAM -1
mice after middle cerebral arterv occlusion : Role
of neutrophil adhesion in the pathogenesis of
stroke. ] Clin Invest. 97 : 209—216, 1996.

Korthuis RJ, Grisham MB, Granger DN : Leuko-
cyte depletion attenuates wvascular injury in
postischemic skeletal muscle. Am ] Physiol 254 :
H 823—H 827, 1988.

Stefansson E, Wilson CA, Schoen T, Kuwabara
T : Experimental ischemia induces cell mitosis in
the adult rat retina. Invest Ophthalmol Vis Sci 29 :
1050—1055, 1991.

HangaiM, Yoshimura N, Yoshida M, Yabuuchi
K, Honda Y : Interleukin-1 gene expression in
transient retinal ischmia in the rat. Invest Ophthal-
mol Vis Sci 36 : 571—578, 1995.

Tsujikawa A, Ogura Y, Hiroshiba N, Miyamoto
K, Kiryu J, Honda Y : In vivo evaluation of leuko-
cyte dynamics in retinal ischemia reperfusion in-
jury. Invest Ophthalmol Vis Sci 39 : 796—800, 1998.
Tsujikawa A, Ogura Y, Hiroshiba N, Miyamoto
K, Kiryu J, Tojo S, et al: Retinal ischemia-reper-
fusion injury attenuated by blocking of adhesion
molecules of vascular endothelium. Invest Ophthal-
mol Vis Sci 40 : 1183—1190, 1999.

Tsujikawa A, Ogura Y, Hiroshiba N, Miyamoto
K, Kiryu J, Honda Y : Tacrolimus (FK 506) attenu-
ates leukocyte accumulation after transient retinal
ischemia. Stroke 29 : 1431—1438, 1998.

55)

56)

57)

58)

59)

60)

61)

62)

63)

64)

65)

66)

67)

68)

AR BEOE BRI 35 1F B R EYRERVAl & € 0 33 - /M 921

Kador PF: The role of aldose reductase in the de-
velopment of diabetic complications. Med Res Rev
8:325—352, 1988.

Brownlee M, Cerami A, Vlassara H: Advanced
glvcosylation end products in tissue and the bio-
chemical basis of diabetic complications. N Engl ]
Med 318:1315—1321, 1988.

King GL, Kunisaki M, Nishio Y, Inoguchi T,
Shiba T, Xia P : Biocemical and molecular mecha-
nisms in the development of diabetic vascular com-
plications. Diabetes 45:5105—108, 1996.

Sullivan PM, Davies GE, Caldwell G, Morris AC,
Kohner EM : Retinal blood flow during hypergly-
cemia. A laser Doppler velocimetry study. Invest
Ophthalmol Vis Sci 31 : 2041—2045, 1990.

Feke GT, Buzney SM, Ogasawara H, Fujio N,
Goger DG, Spack NP, et al : Retinal circulatory ab-
normalities in type 1 diabetes. Invest Ophthalmol
Vis Sci 35 : 2968—2975, 1994,

Yoshida A, Feke GT, Morales S]J, Collas GD, Go-
ger DG, McMeel JW : Retinal blood flow altera-
tions during progression of diabetic retinopathy.
Arch Ophthalmol 101 : 225—227, 1983.

Bursell SE, Clermont AC, Kinsley BT, Simonson
DC, Aiello LM, Wolpert HA : Retinal blood flow
changes in patients with insulin-dependent diabe-
tes mellitus and no diabetic retinopathy. A video
fluorescein angiography study. Invest Ophthalmol
Vis Sci 37 : 886—897, 1996.

Grunwald JE, Riva CE, Martin DB, Quint AR,
Epstein PA : Effect of an insulin-induced decrease
in blood glucose on the human diabetic retinal cir-
culation. Ophthalmology 94 : 1614—1620, 1987.
Patel V, Rassam S, Newsom R, Wiek J, Kohner
EM : Retinal blood flow in diabetic retinopathy. Br
Med J 305 : 678—683, 1992.

Grunwald JE, DuPont J, Riva CE : Retinal haemo-
dynamics in patients with early diabetes mellitus.
Br ] Ophthalmol 8 : 327—331, 1996.

Grunwald JE, Riva CE, Baine J, Brucker AJ:
Total retinal volumetric blood flow rate in diabetic
patients with poor glycemic control. Invest Oph-
thalmol Vis Sci 33 : 356—363, 1992.

Grunwald JE, Riva CE, Sinclair SH, Brucker AJ,
Petrig BL : Laser Doppler velocimetry study of
retinal circulation in diabetes mellitus. Arch Oph-
thalmol 104 : 991—996, 1986.

Sinclair SH : Macular retinal capillary hemo-
dynamics in diabetic patients. Ophthalmology 98 :
1580—1586, 1991.

Tilton RG, Chang K, Pugliese G, Eades DM,
Province MA, Sherman WR, et al : Prevention of
hemodynamic and vascular albumin filtration
changes in diabetic rats by aldose reductase inhibi-
tors. Diabetes 38 : 1258—1270, 1989.



922

69)

70)

71)

72)

73)

74)

Small KW, Stefansson E, Hatchell DL : Retinal
blood flow in normal and diabetic dogs. Invest
Ophthalmol Vis Sci 28 : 672—675, 1987.

Cringle SJ, Yu DY, Alder VA, Su E-N : Retinal
blood flow by hydrogen clearance polarography in
the streptozotocin - induced diabetic rat. Invest
Ophthalmol Vis Sci 34 : 1716—1721, 1993.

Ernst E, Matrai A : Altered red and white blood
cell rheology in type II diabetes. Diabetes 35 :
1412—1415, 1986.

Vermes I, Steinmetz ET, Zeyen L], van der Veen
EA : Rheological properties of white blood cells are
changed in diabetic patients with microvascular
complications Diabetologia 30 : 434—436, 1987.
Miyamoto K, Ogura Y, Kenmochi S, Honda Y :
Role of leukocytes in diabetic microcirculatory dis-
turbances. Microvas Res 54 : 43—48, 1997.

Lutty GA, Cao J, McLeod DS : Relationship of
polymorphonuclear leukocytes to capillary dropout

75)

76)

77

AHR&FE 103% 12 %

in the human diabetic choroid. Am ] Pathol 151 :
707—714, 1997.

Miyamoto K, Hiroshiba N, Tsujikawa A, Ogura
Y : In vivo demonstration of increased leukocyte
entrapment in retinal microcirculation of diabetic
rats. Invest Ophthalmol Vis Sci 39 : 2190—2194,
1998.

Nozaki M, Ogura Y, Saishin Y, Hirabayashi Y,
Shimada S : Enhanced expression of adhesion mol-
ecules of the retinal vascular endothelium in spon-
taneous diabetic rats. Invest Ophthalmol Vis Sci
40: 5607, 1999,

Miyamoto K, Khosrof S, Bursell S-E, Rohan R,
Murata T, Clermont AC, et al: Prevention of
leukostasis and vascular leakage in streptozotocin-
induced diabetic retinopathy via intercellular adhe-
sion molecule-1 inhibition. Proc Natl Acad Sci USA
96 : 10836—10841, 1999.




