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Corneal Endothelial Healing in Galactosemic Rats
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Abstract

The corneal endothelial cells of normal rats and galactosemic rats treated with or without aldose
reductase inhibitor(ARI) were destroyed by transcorneal freezing. Proliferation of the residual
endothelial cells was investigated via anti-bromodeoxyuridine (BrdU) immunohistochemistry using
the ABC method. BrdU, an analogue of thymidine, can be incorporated specifically into synthesizing
DNA (i.e. in the S-phase of cell cycle). BrdU-positive cells could be seen in both normal and
galactosemic rats treating with ARI at 1 hr after freezing, and disappeared within 7 days. However
they could be seen in galactosemic rats even at 14 days. These results show that the residual endoth-
elial cells in galactosemic rats proliferate for a considerable time, and the abnormality of corneal
endothelial healing could be prevented by ARIL.(ActaSoc Ophtholmol Jpn 92 : 423—432, 1988)

Key words : Galactosemic rat, Corneal endothelial healing, Residual endothelial cell proliferation
Bromodeoxyuridine, Aldose reductase inhibitor

BURIGER% © 602 FAH ERXKAEFEERE Ev  FEACERCERBERE KK G

(REFN624E 9 A18H FZAH)

Reprint reguests to: Nobuhiro Ibaraki. M.D Dept. of Ophthalmol., Kyoto prefectural Univ. of Med. Hiroko-
jlagaru, Kawaramachidori, Kamigy-ku, Kyoto 602, Japan

(Accepted September 18, 1988)



74—(424)

I # &

WERFEERGOHE & LT, WEIE & AHE EET
B LirE{MbhT 52, AEREEEL < mHEE
B2 TREREFEEEhD L dicicoT ¥k,
Schultz 5%, Specular microscope % H\ - CTHEIR R
BEOAEANEZBRE LU TOMGE B, HERE
FHOMBBEA K TR, ERESCKIDTRLEDOHBBERTY
PAFFET S, EBbiIE, ERA0EW I BEERFEECE
Wi, FR S OFTRICH 2 CTHEMRELRLT 5,
TR HOHEED SIS BRI AR A B R A
FHETHCLEFRLBRCRETHHS L 51,
BRABRENTAIETOBHTKENARKYD X 5
EECBREMELYREIT L. LaL, BRE
BT D, BFEFEN - AAERA Y v XFilik
EDVEBCTbhTETWAI L ELDL, SHE
TETHRMREEET A MINT 3 2 LT
Eha, -7, b THEBELEEIALLE,
B TEOFEXRRL, ABEHLICTS
DERS S,

bhbhEFEeH 52 + —RMFEF » b OAEBEHN K
FEABENCHEEEEL, HSENERCIVEY
Ty bCHESRZTOBEIEYBIET S L2 HEY
L, #7727 b —AMAEF » b 2WERFEAEA FEE
DETFALIEHELC LERWR L, —h, BERER
REHEORABER L VbR TWAB 7 A F— A RITEE
FARA, e 2, 7 MEERNECEECTMT
HENEMAIRTED, Ehcbhbhid, 280
7 ¥ — AR TTEERBAER (ARD (M-79175 = —+ 1,
ICI128, 436ICD) A4 3 7 b —AMEZ v t TRHHR
A EMREERELX EFLT 5 L 2HEDL,
AR PBEFRR AN I E O R EBER TH D F Y
I ERL I,

HZ77b—AMIET » F ABENEOEEELEOEH
HBRTLE, RELCAEZHET 2B
M MBI O - BEIR 25, FOMESL
BERABICERN S » + LOMICERL DB LB R
5. AE T, ZoNEMRoBEBREY ARk
Ai-ic, DNA &R (SHD wHifaoBic i b A %
4+ % thymidine © ¥ {4 'H T & % Bromodeoxyur-
idine (BrdU) B & LTHY, #72 F—AM
FEZ » b AR A TRAS TS L, 0o M B o 1R
oW THRH T,

RlEeEE 92% 35

I EEE

EET I AES0g (48 386 © Sprague-Dawley
F7 v bERWAGE, ThbELTo 3 bk,
(1) Wroe=s Al s S EmE R O RE), (2 50%# 5
7 —AGHEEM(FS 7 b — ABMED, 50% 4 7
7 b — AGH A ARI(ICI128, 436 ICD #:0.046%
BRERARTHE LLHARIZ 5 2 + — 28, &5
DF o b A6 BEEEE Ui, IS AR O kS B
BRAREFRRBISELN DT LY - FFLT7 1R
FTC—T0CILEH L EmPERL. MmO AT v v
AR08 D T TIT -7, HETBERRTY (1
BEflEE, 4 BE, THE, 4E#)Ic BrdU #f4E g &
1o 0 50ug BRI E L, & v 7 8 — A HTEHE T T
REREE L, WBHBR-GAEYRIEL, 5B
IZ 4 %paraformaldehyde % & ¥7 phosphate buffer
(pH 7.4z 36FFRAIR B EE L 7=, BEaK%10~20%
DIE D sucrose #ETe[E buffer 1@ L 121, $915

p DEEE 2 ER L, B oh 8 #5HNCLIZ10

FRELIH, HLBrdU £/ 7 » —F AfifER B
&L T5 ABC s TULGHE, DAB Bl cHELXITV8
=17,

III #5 R

FASTEEEAT  WREE, T 2 b — AHMEE, ARI ¥
2 b—ABRVThICE T & AN BrdU B
MRS bl (E 1),

AR | Rl RSB o ARA B B E
L, FAEOBREMEC BrdU Bt E£ 8501 Hh
7o, AR, F 72 b - ABMEE, ARIZF 727+ —A
FlcERZE»Lhlh-7 (A2, 3).

BG4 Bk | HESBET A MR EB
W bh, WEHZ BrdU BHEMg 238 bhte (X
4), ¥-ATLON EMENZE% B o BrdU B4 ik
Em bR (K5), MER, #727 - ABEMEF
ARI # 7 7 + —ABIEZRBD bRk -7,

ST B MERcRLTR, AEdRoE
[BALEESR L Tufedy, BrdU BRI ED Hhtk
(K 6a), #Z7 7 r —ABHMBICK LTI, AEMRED
#HE(k & BrdU Bl £ 8680 bhi: (K 6b),
ARI #'7 7 » — ABicB\ T, WBH L 2IER U
BEEEL7 (X6,

A4 H S BB -ARI F 5 7 b — AL b
cHEMEoERE{ze L, BrdU BitMlRL RS 5



AEFI634 3 A10H

BrdU% Bl =45 2 b — RIMIE T » b BENEHABOEEERE - KAWL

75—(425)

E1 HEHENABcs) 5 BrdU BEMRoRBE. W& (a), #7727 - A%
(b)3t - AEEA Bt BrdU BBt LEE» B /e (ABC #, DAB Hfa, > 400).

hishot=-(®Ta, c). #7272 b —ABEMBECR T
2, WEAREMROE®ELE BrdU BBtk %
B bhte (b)),

IV % #

SEEROEE G A B3 B BT 38 22 & Kinoshita”®1d,
FORABENT7L I - ARTHEE (AR) THH EE

E L7, = @FiE polyol-osmotic 3t & FEh, Lo
£ DBRICL - THRESRL, ¥, AAEO AR
LEMOERFBEESHES ARVEEER L T-T
WATTREMRE I AT WA, TO AR, v+, 4
29, F 5 IR L THEARICEBEICTFELTE
b, BERFEAEAEESEL AR 2BS L TVBE
kv, Bobhbhil, #7727 r—RAMEF »



76—(426) HERESE 92% 3%

(2 oRfs5HE 1 BB ICH 15 BrdU BB ORE, W88 @), #5272 F—2
B M), ARI# 3 7 + —2F (o) WThick\ T L EsSmss ol mkes g% L

R OBAFH BT BrdU Btk s ¥ FRs b s (ABC #, DAB s, x400),

PRICIEE T » b ORBEMN B A £ 5 R kG b ERFER LI, FF 2P —RMEET » P 2HGEER
L, Rt 2Ty, FoBERiIED HHvE %, 7 MABRAKC ARDEETS LY, BRER
BHLOVBESTZZEEREYL, #7172 b —AMIE Fo PO SRLERENBEALYEIRL W &,
7w P ERREAEAKEEO =T LENEBA S AR OHRMEZIERRS » F ER—ThBZ &,



BEFI634 3 A10H BrdUZ e s 5 7 b —AMET » - AP KMo BEERE - TR 77—(427)

B3 IR 1 R k10 % BrdU Bt o R, SASmSO B, d5
B(a), #7272+ -2 (b), ARI# 5 2 + —2F () WTh i BrdU Btkfas
EREDOLND (ABCH, DAB Hfh, X800),

FIENHER CHEGEEL LRV ETH B, T, H
Wi &5 FE R Ao B G, BERR AN EE
EIREAEORETEERS TEE S o Tt
OARERWE LT B EHEE L 2, ATHBER

OEEARAYBREEMCEFNTA I LITI - T, #R
FHABAEEEYRZ LS L. Ehichbhbh
3, 2fo T A F—-ARTCEFEHRER (ARD (M-
79175 = —+ 1, ICI128, 436 ICD) #3, #7727 } — =



78—(428)

B14 G4 BRICER 1T 5 BrdU B0 BTE. KNS (a), 5 7 b — AR
(b), ARI #7 7 + — A% (¢) WThick T & SRS A Mo T By
i b, WETIC BrdU B tEMIlE 23588 5 5 (1) (ABC #, DAB #:5, X 800).

MfE 7 » b TRONIABENEREEOBEEEY EF

b3 22 ERMEL, WERMBUEABNEESES AR

MEDERRNERTHOIF LM LR/HLL,
CHETObhbh OEBEOCIL, HRSHE

Lo TARNENBREL, FFFoRBHcERLL
oA EMREPED IS, EHHBHECIITHER
BEBRED I T—BoREMRciibhsoic
XL, #¥37 F—ARMEF » IZBWTERFOERL



BIFI634E 3 A10H

BrdU# i\ vte# 5 27 + — AMET » + AN E#ABOBEEE « &AM

(5 HEEEGE4A#cisT 5 BrdU B0 R, d&E5 (),

#5 2 — AR

(b), ARI#35 # b — 2 (¢) WTFhizis T b EsEEO B BrdU M
fani& @b L5 (ABC #, DAB $:fa, x800),

AUABCEWTLEDLhDEV53DTH- T,
oA EMREOBEROBEASVHIZL TR 2%
T A L, WSS L - CR%E LA E O BIR
SOW MR SAEIE L, BETM~BE T 288

CRENHBTDTIRIRGHEEZBZ EHHES,
Lo AR, BEOXHECLIBEETER, ERLKLTW
HAMEAEELMEL CTWA 00, H5H\LEICHEE
b R0 R ERCIHNT TS, oM

79—(428)



80—(430) HIE&EE 92% 35

B6 REEEET BEICsit S BrdU FtMifao B, %8 (a), ARI# 52 b —
AFF () CEVCTRAEMEOERIRRES bhikws, BrdU Bl R
EHURHD, #57 F — ATk VTSNS A R0 BB & BrdU B
kRS Hh (b)), Bz T3 BradU BHEMas 45530 bh s (b2)
(ABC#:;, DAB %5, x400),

ROBEHZOWTLBRHNLBEETHS, Tibd, M fehidiebiyw, SEOERTH7: BrdU i,
D HETE « BE X BIFICBIZE T 5100, hALIDE DNA #&H# % thymidine DU E THh 5 1o,
HIE A MRENICE D A TR, FOEMYE BN L DNA B (SED wh sl Ti, HoHiicals



FEFI634 3 B10H BrdU# H\ o' 5 7 b — AMAE T » b AENEAROEEERE « ZARMm 81—(431)

7 HEWEl4E®ICE T A BrdU Bl BfE. WS (a), ARI»Z 77 +—
AR (o) LB W TRARAROERE /L b0 BrdU BitMkiEZEs bhice, &
F 7 b — AT I U TS I BRI Y B R o0 BB RE 4L & BrdU B3 AR fa 2358
Hh(bl), BT H BrdU MR SHERD Hh 5 (b2EH) (ABCH,
DAB #:fa, xX400),

Hh5 DNAWIZE AT, MloH BEOKRA T /7 —Fabifkd G &, BB N Ry
& BrdU 2 h A 2708, DNAZHEEIT5 HAuwadz bickh, SHics sk co BE
fobic AT 21Ty, BH L7 BrdU &#1 BrdU = YRBT AL TE BN,



82—(432)

BRECSEOEBERCOWTERTS, F, &
WED b 0T BrdU BRI REE - 75 2 ¢ —
ABMBARI #5 7 - 2BWThicksLWTH 7%
bhd, CoOZ LBBEFT 2 P —AARNORTIEA
B REBE R b2 LR ERT B, ki,
HEETEG O B, HHER X b xR 752 + —
AHMBEARI #5 7 + —ABWThicBLT L%
LicA o B BrdU B2 S 8@ bh, 7%
FHEOHBIEEESL VAT L LAHAL M E
Trof, &b, #5727 b —ABMBClRflo 2B L
b &kilici>7z © BrdU M2 i@o bh, toz &
BHF 2 F— AR CRIBRIEN KA RN ER o8y
TETHELEEEHRT S,

HEpz s Xb, #5272 —AMES » b AENE
OREGREAEOC—20BHK L LT, BIOBRFHE
Mo TR EIRICh b L ERTES, L
L, $EOERLET TR, BISEHEETEOMEE Y
MBS LT, Thud, S LM
LA ED L 5 BB L% LS4+ -
ThHDERFETALERSENLTHE, ST
OHNBEMBOBEHIC OV TRBEITV, #5272 F—2
MAE 7 » + AN EOBRERBESCEKAILOWT X

LT s FETH B,
AR ILLFEILE H AR AEB ST TRELL,
X W

1) Schultz RO, Matsuda M, Yee RW, et al:
Corneal endothelial changes in type I diabetes
mellitus. Am J Ophthalmol 98 : 401—410, 1984.

2) FAREFH, BIEES, ME 9l | EERBERF M
FEAKEEE, I F¥7» P RIUSF2 -2
MiE7 » b AEAEHEREROHEEHEE. B
#€ 37:809—813, 1986,

3) Akagi Y, Yajima Y, Kador PF, et al: Locali-
zation of aldose reductase in the human eye.
Diabetes 33 : 562—566, 1984.

4) Ludvigson MA, Sorenson RL: Immunohisto-
chemical localization of aldose reductase. II.

HIESEE 92% 3%

Rat eye and kidney. Diabetes 29: 450—459,
1980.

5) FRARIFH, BEED, ERIRFBM | EERAEIR
AEANEEE I, 740 F—2BTEEHEHA
(ARD & oBf#E#->\T, HEE 91:187—193,
1987.

6) BMEX, FAIFH, BEEBM | FRIVEERHME

PRSP R TIL H L7 4 K — A B TTRERE

#l (Statil, ICD o%®, HE #HFid.

Kinoshita JH: Cataracts in galactasemia.

Invest Ophthalmol 4 : 786—799, 1965.

8) Kinoshita JH: Mechanisms initiating cata-
ract formation. Invest Ophthalmol 13:; 713
—724, 1974.

9) Kern TS, Engerman RL: Distribution of

aldose reductase in ocular tissues. Exp Eye Res

33:175—182, 1981.

Gratzner HG: Monoclonal antibody to 5-

Bromo- and 5-lododeoxyuridine: A new re-

agent for detection of DN A replicaiton. Science

218 : 474—475, 1982.

Dolbeare F, Gratzner HG, Pallavicini MG, et

al: Flow cytometric measurement of total

DNA content and incorporated bromodeoxyur-

idine. Proc Natl Acad Sci USA 80 : 5573—5577,

1983.

Morstyn G, Hsu SM, Kinsella T, et al:

Bromodeoxyuridine in tumors and chromo-

somes detected with a monoclonal antibody. ]

Clin Invest 72 : 1844—1850, 1983.

13) B 2, &£4KIh#H, H E#2Z @ Bromodeox-
yuriding 823 & % #i M BhHE o MR AT T R BT R
40 : 80—84, 1985.

14) &4 ARThit, IKFEEA, M EMZfh: =/ 7250
P BrdU $ifd 2 FI B L 7= AFEHE & o B R 5
B, REBHEK 3:565—567, 1985.

15) ZA(EE, B 8, WHRUEBM: 7.+ 72
F-RAAAEIR BT S KGEE LRI oWT
—8# 13—, HR{Z 38:359—365, 1987.

(58916 H RIE&FE)

7

s

10

~

11

~

12

S




