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7 3 WEGRTAERD S B, HEFRF L4 v (netimicin sulfate, NTL), $EE7 § # & v (amikacin sulfate,
AMK) 8 XU+ 77 = A ~ v (tobramycin, TOB) DR FERNHER FBEXRETHZLXEME LT, Zh bRy
oy FREEIC B L IETEEY, HHEBROWEEER (electroretinogram, ERG) D a ¥, bifd L OB/ (oscillatory
potentials, OPs) ##&iE . L THE Lz, 2EOBRERASMICEE SAHHEER I, TREES X OEIE» S S) 15
® ERG #EHL7-. HBREEK L LTEWLUFTHE (NaCl 119.50mM, KCl 3.60mM, CaCl, 1.15mM, MgSO, 1.06mM,
glucose 26.00mM, NaHCO,; 25.10mM, NaH,PO, 3.00mM) A L, ™ pH #8.00~8.20ic, FDRE®31+ 1 ClTHik
Lic. TORIUBITRERFCORHBEMBLE L, HAFRGTNKOERT COWEME LERE L. NTL 3004 M, AMK
3004M BEI TOB 100p#M Tlxall, bEB IV OPs BERERE(L Lish o, NTL 500u4M, 800u4M 38 L8 1400
uM T bER IV OPs QIRIBIZET L7z, NTL 14004 M T/ OPs DESAEIIER L. AMK 5004 M 3 X ot 800
AM TR DEOEIBIIET L, TOEAERIIEEL, OPs ORIFIIET L. TOB300xM 8L 5004 M Tz bk X
' OPs DIFEMEET Liz. LiEd ERG Z{Lal i ThH - 2. {ERED NTL, AMK % L0 TOB & k% ERG &bz b
R LV OPs DIRIBEATH -7, NTL, AMK B L TOB @5 HTik AMK KBTI ENENE L E» -7, all,
bR LUV OPs ICEHEA B LIZZITBE$T/sbs NTL 3004 M (140¢ g/ml), AMK 300« M (170 g/ml) 3 X o¢ TOB
1004 M (A7 pg/ml) ZREZ Vo RE, KBS L ORBECRTS NTL, AMK % X0 TOB ThFh oS/ HTH 1L BE
PHowETS. MEEBRAEAOERICE T NTL, AMK 3 X 08 TOB i2#EH R ERG #451E L T 2[R » @IE 1 &2 CY

FhRACERETE 2 RERTHS.
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Abbreviations: AHB, 4-amino-2-hydroxybutyryl ;

EEL RS AR ORBEER (electroretinogram,
ERG) RENFR LS.

Peyman x> = v +¥F T ERG Dbl F & UK S EHKE
OtBR) FiRAx b LI FHREALILY v &% § & v (gentam-
icin, GM)®, # <41 > v (kanamycin, KM)®, + 75 =1 v v
(tobramycin, TOB)®, 7 3:.# v v (amikacin sulfate,
AMK)'"" 8 X U % 5L = A &  (netilmicin sulfate, NTL)? D
BEEMAHE L. DAmico b I3H 0 Y+ CRETFANIE
A L7 GM, KM, TOB, AMK ¥ X' NTL & X 5 #@B 0%
b BTEME (BB TR LR L. L LIi4#HD
B 3 J T B IR TIRAHRN Y B ol
Die, ZEHBDOFRIR D CRRLHBOREROHE" D&
ThH5H. KER 3y v+FCRHEERAE ERG 2i§EE LT
KM 310 GM Offfic s L igTHE8vHHL, vv¥
ERG w33 % L 2 RO IMERBELZHRE L.

TBEE D QMR RAT IR B L B R THVE
HRALDEFCE L THAKOBEROBIRIERETHS. A

AMK, amikacin sulfate; CEZ, cefazolin; ERG,

electroretinogram ; GABA, 7 -aminobutyric acid ; GM, gentamicin; KM, kanamycin ; MIC, minimum inhibitory
Concentration; NTL, netilmicin sulfate; OPs, oscillatory potentials; PAE, postantibiotic effect; TOB,

tobramycin ; SCHE, JpEEMEE ; BE, TTHENE
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TRBRABBMENT R X O T ARG L @0 & T 2RNFHROE
FICBTLEREFHBEOHR, EF, HMENBEOFEHS
IUMRPEREOBRBIC X - THEE L. Zhictky, B
LHOBEBREZECE TS FEOBRAFH 2 RBICT bR D
L5, ZOEDIALDOFREORAREOBS LHA
THEZEAEREND. LA LMERBEAADOREEL LT,
BE7 VURERLEE 7 P RERED 75 ABHEA T
HDHHNN, FEERYRELTE ST A EGHEIC I 2 MEYS
BRPIAE LML TL A2, 20 X 5 ISR RO EEE
BERLELTD S 200, MHEOHBRLERCMBELL-T
VAR, MEERALOBEE L THTRIRE BRCT
bt bl WEBIIMINCEREYRETE VB4 b
S L EOEED SMENERAKOBIIC BT 2 HERIOR
RIZBDic o TRIEEA Y LR E L 23 E O HEH
PEER, ThoDHAREHTENEAT ABICEELEE
LW REBEORENDLE LI > TETWS. AFEOBY
i, B ERG @ a i, bids X OEBIEE/NE (oscillatory
potentials, OPs) Z#E#E & L CHAF ORI L CHEE
FREICOWLCCHRE L, MEERAROERSIOTFHOER
THEATREFEFOBEOBIRE TFREORBETSH Z
LB, KIRTREKBARY t e ET5H7 3/ ERERRE
£HD 5 Has NTL, AMK 3 £ 08 TOB %380, Zhbo#
LXORBIC T A HFEELY Y v v FRELRRR ERG @ a
B, bEBLIO OPs 8L LTRE L.

HHEBS LU FHE

1. SEERENMY
thE2~3kg OV ey ISR LHFEH L.

I. BB ERE®

KETIEIL - T o F24RFR LA E D FSIEIG & JET L e i
BEEREETETUTORIEC & - CRREFR L. HEEr 2
v (r x5 -a® =g, HEH) 25me/ke DBHHIPIES 1 [
ChkoTHRBEL, 0.4%BA > 7 Fan g v (RN v —
@ BRWIE, KR SERMKERIC BRI S B AR
BoTEEL, DWTHBESH UM L, REH 1 mm OFfLT
RN L TR REESLICIRE A R L. fH LR
Ea100%EAFE S A% 1.0 /min OETHEE Lo RBEES
(R4 L, HBUTER) AR, ABEKRTE D BEKm2~3
mm OLE TR L, BEORF I, RGBS L OmE &
WIRD) EBIZEHER L.

. RERESELCEREE

RIERABRIL 20BN T2T 5 25 v ZHABHHR D,
LFRBOAEIE DI 125ml TH o7, KRBOHENIET BE
I FORBMBLBIRIEHES TS L 5 ERED D o
THEEROMTSATED, ZOHRIZER 10mm OHAD
h, COAFES LD CHEBRIC L > TERZIZIAL., B8
DT HE OB b ORIBW OB 2B < 7edic, o/
eV avs A—o#ER (EX 1.8mm) RIZXRIAE. &
IR DA E D S5 50cm OFEZEF b - THib Y = — 18
DF2—7 (AE3mm) 2B, vA—~aAf L EHTHZ
LICE->TE 1 CRmMBENLEL, BEREABOERL D
WAL, £APANC 100ml Bh BBz & & BBHENCIRE B 2
iz, BIAERIRINE QBTG 15~180%Ic ERG ¥ & Lc
HEiil, ERG ORE(LCET 5K % X R P O EFH A

BREASHNTRE—ERE L L 50 ET HEML SR Lx
PHhTHD. RERELEARC 25ml/min THER L, 4420
BIRHOICIZ100%6/3R 7 A% 1.01 /min DEITELL, Bifn
pH #8.00~8.20IC#ERF L7-. B D pH WEICIZ pH £ -
% — Type F-7 (CESBBLIERT, REH) 2688 L.

V. ERG AXHIMEELS LI UERHE

TR E L CREBLBERIC TR Lk €/ v - 7=
Xenon ARCAS (ZWBERT, BRER) Z0FM Lz, XBicith
W7 g E—, Y=, O (F L Y=y, Y BIOE
v XA AER, FIBOECREYHRES L. ER6mm o
TETHRAE R 2/ LHIBOE 2 IR B BB S L. BRI v
£ — R FBMERO AR RE LT, BRERENRtLE
fo. ARETHEOI L EHERMEO EARKM (v v v 2 -2t
0% ¥ TRETHEEM) BILOTHERER (v v 2 -2
90%PAL S ¥ TICET AR 11, EHZ2XES 5653 (RCA,
Harrison, XE) & L 2RZETVF8 b 1.8msec Tho7.
RS RIMOE (RIIETIRRE 2.0X 107 lux, RHEREE 500msec 4
FEBE) 1 & B bR L O HEBAIBOE GEBERE 3.3x10°
lux, FFREEMH 200msec DEFENX) W LD alE, bEB LY
OPs % [EATC CAigk Lo, (L¥MEIW X 5 b I OL L HEE
B LoTRRSTREEZETDIZEAHA® DT, bEKkE
L TISS6 IS & ORI O M & Fic TREN 2 nx .
BHZIZ 34 2 AORBERARNCEE S hiz— 0 - it
BER FEAROERAMNBEIRES NS type, HAXE, HH
#) i X - T ERG 2 EH L, EFHEES RDUS (AANE) ©
WE L7, 7o BEFIBOE L 2B DOBICILFRNIC OPs %l
TEH 3 msec DATTHEIHES AB-622M (HAXE) #EHL TR
# L7z, ERG EHO L& ORI 535 BT
DiFMEEERTS.

aERIBL LCEOESHLEGE TOREEHYID, b
FIREE LT OEA» D a HOKE CORBERMYH -7
OPs #2h8 D FHNIKAT B OFHANEICHE Uis. B S h B
PHELBRERZE TR L. HRREROERF, 7k,
bR LV OPs ¥EEL, TOIHECE 2, bR LT
OPs #E&E L7, ZOMEHTDall, bifix LV OPs th
EHORIER L OCESERFOLBRN 5 % AT OHA I BRE
BeLic, MARHRMBEOERPICRS Lcall, bEBLY
OPs ORBEHICHTAEBRE LN REMEOZEEHED
2HOEBEICH LTHIED DB t BER 7. p<0.0l%
Lo THEEEZEDD L LI

FEZB T, NBRERE LTREILS TH® »ERL
7o. EIUE T ¥z, NaCl 119.50mM, KCI 3.60mM, CaCl
1.15mM, MgSO, 1.06mM, glucose 26.00mM, NaHCO
25.10mM % X O NaH,PO, 3.00mM 2 5@ 5. @B EET
OSM-1 (BEBIFERT, B WTEALAESLSB I RORE
FEi 300+3mOsmol TH 7. 73/ EEGRIEHRELT
NTL (BFEeRiE K 578u g JIffi/mg, =+ v 7 ABK, KK
), AMK (BFERIER 727w g J1ffi/mg, BEHE, HHH)
# X0 TOB (FEREERK 910 1 g Jiffi/mg, $EFHMIE, AR
) R L. i (2045 C) TR 1# D pH 37.42
+0.02T&HbH, NTL (300« M, 5004 M, 8004M #&T
1400 2 M), AMK (300 M, 5004 M ¥ X 0¥ 8004 M) # LU
TOB (100 # M, 300 2 M 3 X 08 500 2 M) % Fihn L B0 BIEH
O pH 12 EREAEMICE £ o7, AEBREHTE TR,
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BERBERAOCBRBREOBREER LU pH RRUB I K TIZE
hEh 300+ 3mOsmol ¥ L 0°8.00~8.20T% », NTL,
AMK #7242 TOB % LEEABEICHEMN LABERIEENTE
FERENEPMNC L EE o7, BRR RIS T RAFIR15~30
SEGREL, TERHR ERC BB RS L. DL THAR
RHRMLACRILES T EOEMBBISH BT BE I X 5
ERG %, EHIED 3 HHCHMAIMILIC &5 ERG #EHL
fz.

X &
[. NTL
REEZAVE. WThEBWTLEBOBEY B, o8
Bl L TR,
1w NTL 300« M (140 2 g/ml) ¥RINBEREE T2 ERG 12
BIETEEYTRT. R OB EFOEMHERRINETON
R ERT. ZFBOBEMIM AR RN EEER S OB K

Initial
Netilmicin sulfate 15 min
300 uM
Recovery 15 min

200 msec 50 msec

Fig.1. Effects of 300uM netilmicin sulfate (NTL) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave, the
scotopic b-wave, the photopic b-wave and the oscillatory potentials were not deteriorated by 300uM NTL. Responses in A~C
were obtained from the same eye-cup. The uppermost traces show responses during initial perfusion with Nagayama's control
solution. The next traces show responses during perfusion with an antibiotic-containing solution. The lowest traces show
responses after the antibiotic-containing solution was washed out by Nagayama’s control solution. Numerals at the right
indicate the time (minutes) after onset of perfusion with Nagayama’s control solution or the antibiotic-containing solution.
These hold in all figures in the present paper. The stimulus intensity was 2.0x107% lux in A and 3.3x10? lux in B and C.
Direct-coupled amplification was used in A and B. The amplifier time constant was 3 msec in C.

Initial

Netilmicin sulfate
500 uM

Recovery

|20 uv

: 200 msec 50 msec

Fig.2. Effects of 5004M netilmicin sulfate (NTL) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave (B) and
the .Scotopic b-wave (A) were unchanged, while the photopic b-wave (B) and the oscillatory potentials (C) were slightly but
Statistically significantly suppressed by 5004M NTL. For other recording parameters see the legend for Fig. 1.
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RE LB RT. BBOFERL, OPs D L@m& OiEh %,
EABBOEVIEE O~0, 2SI Ts. ZhbikK
2~10K BT LRETHS. alf, b L OPs DEIESR
JOTEAEEE T NTL 3004 M I X » ClEB AL L

Initial

Netilmicin sulfate
800 uM

Recovery

| 100 iv

500 msec

Izoo uv

RSN i

B 21 NTL 5004 M (230 ¢ g/ml) FRiNBERER L 2
ERG Bt xR T. a WRAEBECIE L Lich -7, bEEE
BRIBOC CREICE T L (19£2.7%, p<0.01) 28, 20F
BEFIIERCIEL Lich ok, OPs WBEL T, O, &
O; DIRIBIXET L7z (25£4.7%, p<0.01) 2%, Zh50OHEY
ERRABRCIAL L o, LED bEB L OPs 0f
ERATHENTH - 7.

|20 uv

200 msec 50 msec

Fig. 3. Effects of 8004M netilmicin sulfate (NTL) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave (B) and
the scotopic b-wave (A) were unchanged, while the photopic b-wave (B) and the oscillatory potentials (C) were diminished with
800uM NTL. For other recording parameters see the legend for Fig. 1.
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1400 uM

Recovery
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500 msec

I:zoo Y |20 kY
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Fig.4. Effects of 1400uM netilmicin sulfate (NTL) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave (B
was unchanged. The photopic b-wave (B) and the oscillatary potentials (C) were reversibly deteriorated by 1400uM NTL. The

peak latencies of the oscillatory potentials were delayed by 1400uM NTL. For other recording parameters see the legend

Fig. 1.
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B34 NTL 800« M (3704 g/ml) HMNBEEERC & 5
ERG Z{baRT. a3 FERICREL Lish -7, biiEEZ
BB CIEES L7 (2313.4%, p<0.01) 2%, £ TH SR
RAEBWIRE L Lish o7, OPs IzBi LT, O, DIRIEIXET
L7 (35£9.6%, p<0.01) %', ZTh b OESAEFREZICIZE
klichotc. ERObER LV OPs OBLIXAHWTH
1.

B 4ic NTL 14004 M (650 1 g/ml) FRiniBEEHRE & 5
ERG L& /RT. a BITEBIIIE(L Lich -7z, b EIEIEIT
BEIBOEIC TE L KT Lz (53+7.4%, p<0.01) 28, F0IE
EERBIEBICREL Lich o7z, OPs B LTk, O, O,
0y BV O, DIRIEIIEL {ET L (6949.9%, p<0.01), ¥

Initial

Amikacin sulfate
300 uM

Recovery

IlOO],LV

500 msec

| 200 uv

200 msec 50 msec

T2ERLOESERITER L (11+£1.6%, p<0.01). L&D
b L0 OPs DE(LIZTHHTH - 12,

I. AMK

IME A, WTRARBCTLIEFRBEORE Y B, *
D—Bl% TR,

B 51 AMK 3004 M (1704 g/ml) ¥ /i B i+ 0
ERG FTR%7RT. al¥, b XU OPs DiRlEs I OTE &%
BREBRCIELLith st

X 61 AMK 5004 M (280 2 g/ml) HipnBEWE T L 2
ERGE(LETRT. aRERCIEIL Lish 7. bIHIEER
BFIBCC TET L (12£2.5%, p<0.01), % DIE AT
BL (17£3.1%, p<0.01). OPs 2B L Tix, O, & O, DiE

lzo Y

Fig.5. Effects of 300uM amikacin sulfate (AMK) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave, the
scotopic b-wave, the photopic b-wave and the oscillatory potentials were not deteriorated by 300uM AMK. For other recording

parameters see the legend for Fig. 1.

Initial

Amikacin sulfate
500 uM

Recovery

| 100 uv

500 msec

Fig.6. Effects of 500uM amikacin sulfate (AMK) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave (B) and
the scotopic b-wave (A) were unchanged. The oscillatory potentials (C) were suppressed by 5004M.AMK. The peak latency
of the photopic b-wave was delayed by 5004M AMK. For other recording parameters see the legend. for Fig. 1.

| 200 1V 40uv
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MEVET Lie (314£7.9%, p<0.01) 2%, Fh o OEEAHEHRKILE
Bl Lich ot EEDObEB XU OPs O (LAl
BWThH-te.

71 AMK 8004 M (4504 g/ml) FRINBIEBWERC L 5
ERG Z{b& R, 2 BIZEBICIEL Lieh - 7. b EIERIZ
BBt TIET L (15£3.2%, p<0.01), ZDIESBEHIE
B L7 (2643.4%, p<0.01). OPs It L Tix, O, & O DIE
IIET Lz (32£7.6%, p<0.01) 2%, Fh & OESEITE
BB Lich 7. RO bR L OPs OEF{L iz T
BWTHot.

OI. TOB

SRF AV, WThIZEWTLIREREORERX B, £
D—F% A TR T.

K 84z TOB 100 M (47 # g/ml) FINBIEREE T+ D ERG
FR%FT. all, bR L0 OPs DIEIER X OH AERILE

Initial

Amikacin sulfate
800 uM

Recovery

Bl EL Lich - 7z,

R g1z TOB 3004 M (140 g/ml) HINBERERI I 5
ERG Z{b%RT. a W BRI Lich -7z, biiRiER
BHABOE TEECET Lic (15+4.1%, p<0.01) 2, #0g
SRR E BB Ltk sk, OPs KB LTI, 0,, O, %
LU O, OIFEIET L7z (34+£6.8%, p<0.01) 2%, Fhbo
EAERIERICRE L Lish 7. FERD b B LU OPs
DELILATHETH - 7.

10w TOB 5004« M (240 g/ml) TINB B ENR I X 5
ERG &{La T, a WRIEECREL Lich 7. bHEiEES
BRBOZ TELLET L1z (3245.2%, p<0.01) %, *0F
SR EEICIIEL Lish o7z, OPs IBIL TiE, O, O,
O; BIU Oy DIFBIZELLETF L7 (72£8.5%, p<0.01)
N, FROOESERIERCEELLish-t, FEObYE
XU OPs OZELIXTHATH - 72,

|200 v |2o uv

200 msec 50 msec

Fig. 7. Effects of 800uM amikacin sulfate (AMK) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave (B), the
scotopic b-wave (A) were unchanged. The photopic b-wave (B) and the oscillatory potentials (C) were reversibly suppressed by
800uM AMK. The peak latency of the photopic b-wave was delayed by 800uM AMK. For other recording parameters see the
legend for Fig. 1.

Initial

Tobramycin
100 uM

Recovery

|40 pv

50 msec
Fig.8. Effects of 1004M tobramycin (TOB) on the ERG of the in-vitro eye-cup- of the albino rabbit. The a-wave, the scotopic

|200 v

200 msec

b-wave, the photopic b-wave and the oscillatory potentials were not deteriorated by 100uM TOB.
parameters see the legend for Fig. 1.

For other recording
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Ames B IL Y ¥ OFEHMEMAE L FH LT ERG #1&EL
2y, ZORETHaEEDEORFICE L E D, OPs 18
highote., —J, BRUMIZRILEITRCBE LIy e Yy
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Recovery
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R RSN (FERE, IRAGIE IS X OBRIE & 0 A S) 2 (8 L CiE
BOBRERRIBICIHEELI0KEHBE AL BLD b L1 ERG
(al, bER LV OPs) ®EF L. ZOMETIT 2 PI2660
5, biEIX300~4004 % & 08 OPs 121204 Bl o7z b %
Ehic. Lin LIOFETRBERIER &L T DT,

ERG RIEIZLE L. TiabbBEHIhia BRI b3
DIRBIIIEERGH 205 B OIWIE L 100% & Lz & 2604212
ZTHhENI3T%E L U120% & WAEARR L., BEaBYMcE
BEfE do7z - TREITHHAE ERG (a ¥, bl L0 OPs)
FRHETHE, FHTNEREED pH, EEE, BER

\20 %

Fig.9. Effects of 300uM tobramycin (TOB) on the ERG of the in-vitro eye- cup of the albino rabbit. The a-wave (B) and the
scotopic b-wave (A) were unchanged. The photopic b-wave (B) and the oscillatory potentials (C) were diminished with 300uM

TOB. For other recording parameters see the legend for Fig. 1.
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Recovery

100 wv
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|2OO pnv
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Fig. 10. Effects of 5004M tobramycin (TOB) on the ERG of the in-vitro eye-cup of the albino rabbit. The a-wave (B) and the
scotopic b-wave (A) were unchanged. The photopic b-wave (B) and the oscillatory potentials (C) were greatly suppressed by
5004M TOB. For other recording parameters see the legend for Fig. 1. ‘



B, BERIVBEELKEFOHELAFORENER LS.
Kato 5% 2 EREgEIE © 12 ERG (b 3 IRIR) 2 HREL LTH
TEHssE A RFe T B 7o 2R IEW pH 8023 5 LR L7z,
Winkler? /25 » b OFMMBEY FALT CO, ¥ RABREDHD
i3 HCO, BERZ{b &4 pH 7.65, 7.408 X UT. 1012 6F %
ERG FEHxE2ZL, bEEEX pH 7.4012 < BXT pH 7.65
TI#AL, pH7. 10T T EBE L. BRLMRY =

W H AR CIL BB @ pH 7.5~9.0T ERG (b EIEAE
B ~OBER I WERE L. ¥R ke vy ¥
HHEETIZBER D pH 8.0~8.20RRETRE ERG (2
B, bR L0 OPs) BiEgEdh, TOEL V@A L D
BIREAREB L, “o@L 07 s Vs & bIRIRE Y
K LFDOEABENER LCERE L. AFCHEALLEL
HIHD pH 12100%BE S A DBEKATTIRT.L2TH » 2@
Sz X 08.00~8.20~ L WM L. ZDfEE LD Winkler?,
BARS® 3 Lovl| o 5™ AR m B HRF ERG BT
HELfc pH IZERETS. 1)nbYic k3 L EREE
503 L OF 100ml/min Ti& b EIRMEL605 TIHIETEE L 223,
PEFOHE 25ml/min T b HEABRNER L, —HEBRES A
1.0/ /min MK THRELbEITEIH, BEF A 0.51/
min B T b BIREAMA L, BEH R 2.0~4.01/min &
KT bWIREIHA LT OESABERFIER L.

HE LD Ly v o+ FORMTFHEOREIZS ~50C o
BB OMFERERIC X T4 120~ 1808 THER 35T
RETZ EW 5. Kato B2 = A FHEE Tk b EIRIE20~
BC O CIRESMTRECHHATS EHE L. Honda™ 12
b EIRIR & HERET 2 I R )3 A BB DR B30~
BLCIREDRETH D, ER T bEROESBKINER LIEE
FERL, chl BB T bERBIIHEA L EORAERIL
EETHLHE L. ARTHEINWCBERDEEIRSIL]
CTHDH, ZOEREZOME H™, Kato 5 % XU Hon-
da®® 23R4 LIcBIEm ORBEIGEL LT3

FESVICLIIUEY e v FHETFHOBREBEEDRRMEILH
322+£10mOsmol TH 5 A%, KA X 1 TR M B4 O 7 H HEE
ERG DEFICHE T 5 EMOREFEIL 310mOsmol TH 5.
MR - L CBERES AT A SMA® (A= — r®, F
#E8 3% KPE75), Balanced Salt Solution® (BSS®, Alcon
Lab. Inc., Fort Worth, XE) BX O+ F v 7 & 54 90
(BSS-PLUS®, Alcon Lab. Inc.) D@ BEE X FnEREH
290mOsmol, 303mOsmol ¥ X O 301mOsmol TH 5. M2
v R HEEE ERG (a i, b3 LU OPs) KR JIFT#%
FOREryBRIE L. EAY CIERBROBREEDOH
20mOsmol DL ERG O b XIWELH10%WE L, b
gimis MBEBER) ThALME L. KR THER LIHER
(NTL, AMK % L U° TOB) FRinBEGRIENRREOBREKESE M
pH % X ONREEIZ T H Fh8.00~8.20% & O 30023mOsmol
THh, HBRERETHDRILE TERDOERAE (8.00~8.20%
XU 300+£3mOsmol) DEIER TH -7z, JIE B B X U4
H? OfERPEETIE, KRBT 3 ERG ZF{kik pH & &
CBEEOEECERTAS LTIV EBEND.

AR TRIEE L ERG TEEB LY, BERE LTEL
BIWHFEAL, BEED pH, BREER X OBRELI)
1 5% DIREIZEE Uz, Tieb B pH 138.00~8.20, BEMEE
{2 50ml/min 8 L UOBEESIZ 1.0 /min TH 0, ZOEHET

THEN ERG (alf, bR LU OPs) % 2 ~ 4 Bz ot
THRETE .

R OB B TR O GM OREE RIS s
RTOBRE#RBYERA LI E 25, BREALS~185HICEE
WAERA GM BERERTORRCRSIT 2 BEIC IS ST
BEHE L. AR TIRERRS L OEREEHELTR LY 0g
BLIA—THHDT, NTL, AMK R L0 TOB & 2o
GM LA BEREBLY TR T THAI LHEEIND. Ames
Bk AR A B e R TR & B
EAES 1 SLUATERIAD &L, Kuffler 5%+ vy,
Y U 4 DR AR TR D Na* LB BEETPOY 2 5 (&
F8360) DEDTEEHI0~20M TEREIID EBRTV 3,
Peyman 5% i3y e v+ FHEFHRICEAZI R F v a-
¥ (HFEAT) MEALDHR CTHKAER - EMRED tight
junction ¥ TE|ZET 5 L #E Uiz, %z Tsuboi 531 = i
WELYERL, 74t Vved v (5FEIT2) OBMTFEML v
ERAOBEE 7AF LA VARSI P BT 4 b A=K =T
RELEEZA, 16~3098 X hAECHEBEATO7 AL+ v E
1 VBEOMMMEE IR E#E L. NTL, AMK s1v
TOB DHFEIZFRFNATE, 5853 L U467 TH h, Kuffler
5% Peyman H® ¥ X ¥ Tsuboi H® ORERLEIETHIE, &
ROBHIG~18HH B TLRERCEME N 3EOH4E
HREFhFREELBCIEL W EELDRS.

7 3 AR AR LEEEN S TR DS, 7
I EEERIAERRSTFRC 2EUEDT 3/ EEECRL
DBRBET I /71270 b—AteEbRE-TWA. I0
5K bR TWET I EEERHER DS it KM
LFOFHEGE LU GM L FOFEMC A I NS, KFTIR
KM %X b AMK % X0 TOB %, GM % X » NTL #5EH
L, ZhbDH4E#Ipy v v FREER ERG (a3, bl
XU OPs) ok LT HEYHF L. KEFARIZKM BLU
GM OfEC ¥ JIFTaM B v = v+ FEHEK ERG (a
B, bR L0 OPs) #4BEEL LTRIE L. Tiebb, KM
1004 M (60 4 g/ml) Tit a i, b I LU OPs iZEEICE(LL
T ooy, KM 400 2 M (240 ¢ g/ml) T b B RIEIR B EICH
§3L, OPs {RIEI\ZIREIZIRES L+ DIEAERIZERE L. M
50uM (23 g/ml) TiZ bR XV OPs iEREICEL Lich o
728, GM 1004 M (46 1 g/ml) TiZ b 3s X UF OPs (ZBEI
WAL, GM 4004M (184 4 g/ml) TIIEHC b BT E P BH
L, OPs 0SB LER L.

AEICEIT S 3O AR (NTL, AMK & X ¢ TOB) #
ERG Tk X ETEVRE TOLLE, SERNBETHS
IR H, bid LU OPs DIRERA TH D, ZHIZKFAR" 1 #
LL KM 3550 GM OfEREFLBL TS, GM RO
GM & NTL #8325 L, ERG (alf, b XU OPs} i
I{b R X7\ REBREIX GM Tik 504 M (234 g/ml),
NTL T 300#M (140 g/ml) TH Y, fE-T GM IKiNT
NTL OHEEBENOBES ERG THBEIENZ L2AHBL
fo. b GM %TH5 CGM B L NTL TiEigErics
1w Licht o TERERFEIC bR XU OPs OIFIEAET L,
I hEEE (GM 500 M, NTL 1400« M) Ti% OPs DA
BARERET AEARTR L. —5 KM %0 KM, AMK $1¥
TOB % H#+5 L, ERG (a, b3 k0F OPs) ig{bak
fo X e WEEEEIT KM T 1004 M (60 ¢ g/ml), AMK TH
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3004 M (1702 g/ml) 36 X T8 TOB THE 1004 M (47 ¢ g/ml) T
H0, KM % X0 TOB AT AMK OB HW:ORBEH
ERG T&ABOELZ b otz. KM %TH D KM,
AMK % £ 0° TOB T4 GM REABRCHEBRE LT LR
B CEBEKEHIC DR LU OPs EEIMET L2,
AMK BEBETOEEABKBER L VO BEMNELEREL
#. AMK 12 KM OFEHTHD, O 4-amino-2-
hydroxybutyryl (AHB) &% 532 . 0™ 12 X 5 & Mm%
EEWHETHS 7 -aminobutyric acid (GABA) 1% 0.1mM Tl
ERG BZ{b#F, 1mM Tid OPs 12§41, 5~20mM T
ZhEIFEIZETL, TOEABKRIEELL. Ll
GABA & X ¢ fl7c#&X AHB * {84242 AMK Ti% 0.5
mM ThEEAEBRALE Lz, KRR LOKBARY DMEr
BETAE, 7§ EEGRALHEIC X HRHERR ERG &t
Bhids LU OPs OREE AN EEE L LT, 5%
ERG %3EfEL L7 3 / EEGERAERIOREIC L TiZ b
BEABRBCLERTALENDS S . KFORKE L H, Ml
B#F ERG 2383 2R T2 B 2 ERT 50D
ik, NTL, AMK %Xt TOB T, FhFh 300uM (143
pg/mb), 300pM (176 2 g/ml) 38 XV 100 M (46.7 1 g/ml) %
B ARETIRIWEELD,

McDonald & % 20mg % 723 40mg © GMA BRI F
A EA SR BRI, MRS, MR B,
EERIR M, FEEm SRR S A s DEELE IEEY X
LzEERE S Bl 84 L7z, Conway H® IXAIEMERR ARSI L
TWFHOBRM % KTHIE GM04dmg, + 7 > V' ) v
(cefazolin, CEZ) 1.0mg B X O'F 4 24 v 0.32mg ¥ F
HPIZIEA LEREIE MR H m, MRS 3 & O IR M
BrBELEREL R LER 28 2H®E L. &b
Conway B2 LI B CHEEICRT 5 GM B FIENEAD
PR, MRS R T2 GM Img & 5\ \E 3mg DAY F
RITEA 3 B IR EE MR A s 5 O BOLIR I 3 £ el
ELRL, JEEFTR T GM Img 2R TARTEA T HETIZ
RRMEREE Y R X fouhy, R MRS B & O v
B OBEREY (5 SNBSS K L, GM 3mg 1268 -Fth AT
A2 BB RIS R A B D B 38 K VBRI A B D i A ok
Lz 2@ L7z, Brown 5% 4 GM 10mg D LB F-EHNEA
BIEPITLRBIRIEAL 35 & OIS AT EIZE A ok L, 1EA2604 i1
ERG @ a i3 X0V A%k L & 4 L 7o, Balian™ 38 %
MIZEZ > 7 TOB 20mg DRYFIAPTEA TR LY &
RRESEREr 2 L | flaHs L., RROBREL &5,
73 EEARAERTHS NTL, AMK & L0 TOB Di@HE
BRTEREAEBIC B ST B L Ex DR b,
WFHREA TN NTL, AMK 3 X 08 TOB #3813 &
ETERCET 2 EROMELRIT S, 9, NTL Bl
T Sloane 543> m w4\ T NTL 250 1 g R FHANE
ABRIRA~D B AT T, 2 ORRIMBEMRAAOBEIC
A TH o7z b ERG (bi) 8L URBEFRIC S &S0 CTHE
L7z, D'Amico S 2 BEF B &-3% NTL 100 2 g BTk
PEAEEGE LRS54 Y V- s ERY B
L, NTL 500 g RFHPEARGMBEASOBE, ~2 =
77 =ik, WEGR LT S OREREY kT &
% L. Tabatabay 5% 1356 % % +¥ic %\ T NTL 800
18 DEFFHRMIEA 6 ~104 A HICREC O E A MR A KN

HEL, 20o&@f0oBENETRBBEAR EEERO Y ©y F
BEMNTB SR &~ %z AMK &2\ T3, Bennett
H¥ & LU Nelson 512 ERG B L OB RS, v e v
FRIOHFAYFFIZB T AMK 5002 g BEFIERNEA L
Bizgg8y Rad, EA2BMED ERG (b i) i by ks
9, AMK 750 4 g B T (AP AR ARIECHE B SR D RBIEIZ O & A
EUERFE LI EBE L. Taamo B I3EE T FURE S X
UHEE7 FUBREIC X ARHERNL 3FIC AMK 400 g 3
LU CEZ 2.25mg R MTEMEA L BIF R BBRBE L1871 &
#HieE L7z, Roussel B X ATLKEEBIEMBICIE LioME
PERRPIZEIC AMK 400 g RS THhITEA LIARI L7 | %
& L. DAmico Hb™IC L5 L HE Y+ FEBEOBHE RIC ks
WT AMK 750 4 g B TFHEPITEA TIIMEIE G E LRl 5 1
V=LA EE L, AMK 1500 4 g RYTFIEPIIEA TR A R
FEMROEEBBAL 7 Ch AR A L BN
4&). Talamo B E G Y ¥ K BRI % K5
4 BBk B X OIS F IR UIBRAT &2 JiFT L7 BRI GM (1001 g B
LU 4001 g) F ol AMK (400 2 g~4000 2 g) WS FHEINTEA
L, BATHHOREOBEFE CI2MME L & GM 100pg,
AMK 400 g 35 £ 08 750 g TidZF(k7c, GM 400pg 8 X
' AMK 1500 g BT~ 2 m 7 » — SB A, BRSO
HES L UREREHE EEMROEERGAOHEL K L &8
ELf. HHEYR IR IFERHTROEVL I A
GM B IO AMK DR Z ) 7 5 v A 0EIC )b B
&3 GM 400 g 3 LY AMK 1500 ¢ g CHEIE O BEAFT Hic B
WEELLZELDLT § 7 BESRIEHOFEOBRE AR
BT A A H OB L b BB E R ET B &R,
2 HZ TOB B LT Bennett H5® 2o v oo Fizks T
TOB 7501 g BT EMTEAD ERG (b %) 3 X O BT R E
{Lxk X3, TOB 2mg T HMEAIMEIES B O MR & O
b¥iEAkEFR LI L HE Lz, X 51 Bennett 53k EE
THFHFARCEAL CERNVAMERRA A 424 CoBic
TOB 5001 g A FHREARC L D ENENEER L &R~
D'Amico & ZEBFTHA S, Htay +F st T TOB 500
pg WFARREAEEASE LMD S 1Y v — L EKY E
L, TOB 800 ¢ g ffF @ MEAGEMATATIOMEE, Mgtz
ERAROEM S LU L OMIREEL K L L B L
7o, YR UHFOMTARNARI M 1.7Tml THBEDOT, AT
ERG &b a k&2 LAV L SO AR OB E
(NTL 1402 g/ml, AMK 170 2 g/ml 35 & 0% TOB 47 £ g/ml) 1%
ZThth 240pg, 280pg B XU 80 g WTHRIEAICHY
L, KEROBBM TR LALEROBREG L8+ 5 &, NTL,
AMK 3 LU TOB TR L DERETT T ERG (bER L O°
OPs) #&{b &R 5 Z LAVHB L. — YoM &
FTEEIMROBIESLE LTETEREIAL. L LEY
BEDD I TOFHARMABALBIIRWR D, £OMES
L2 DBATHINTHS . —FFRMBENE» -7 D ED
ERRMAE VA TR OBELT LIRS e, 3
Mz & A MIROTMREENE(LERT 2 & L7c% . Peyman 5%
¥ X O° Bennett 593 GM, TOB %% X AMK OfF&
REAFBREROXEFTRACRE LRI R VEBETLT TR
ERG (b ) Z{ba sk Ui L7, FRTRAMBE L <10
itk B <, RiBH DV IHEROLLYIFEL LTEERN
A TE, TEMELYBETE, MBRECRFHEHED
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B X hBoshDb ERG HE»LRECBHZE + TE B
EFORBE* R THEREERWREE 2ERHL TR, L
bEHIEAREY A0 THTRA~OHAERDEARRKREE >
THBRAZ V7S VAR EZ I AHAHBEOEE kT, E
EOHARBEAMECEEFRIRD ZIENTEDLZERLD
ERERICHASTERET ERG B{bek Lt tMShs. K
WT ERG Bk -+ LAHBHLABE TS NTL
230 g/ml, AMK 280 £ g/ml 38 XU TOB 140 g/ml it e + &
THFOBEDEVEER L THMERBAAOBROBENT
WFEAEA LS AHEECEE Y BIETRRAPD L%
BFLT.

BELY Ty PRIUELEy MBI A ENFH LIGE
S VvEOREFRBICL ESWTHEEERCTAEENE X
12 GM>TOB>AMK>NTL QETH 5 &ah-~<7z. Luft 5%
5y NEBWCZ VT F=vr V75 v A%RBEL LTRSS
OREY KL, B+ sBEEOR 3T GM>AMK>
TOB>NTL DIETH % LHE L7z, —H D'Amico 5" i3EH
v F AR RO BER R X b T s EED
B X112 GM>TOB=NTL>AMK DIETH 3 L7, K%
FUKBARD O|ME T v+ FHHEK ERG (a3, b
FLUOPs) B LTHELLWEESHEOR S IZ
GM>TOB>NTL>AMK olficis b, ERARED 7 3 / ik
ERFLAEHD 5 BT AMK OFBEBZEIRE S EV 2 & 2V
Liz. ZAik D'Amico 5 OEMELABL, MELY KL U
Luft 5®DHE LR 07 ¢ BEGRAEHOPESEEORE
ErBRICEEEO TR E—FK LW W25,

BB LI L 5 L BE0FMOMENRALOREREFDOAR
1375 sIBHEE54.8%, 7T ABMER.THTHD, 7745
WENMENTDHD . BRERRINCRES EARE O, Fiilk
) DBATRY S 2 BUENEMLTH Y, NAK @B L)
DHRETIRY 5 AGHEIBMNTH D, NEREBRALOEER
RECEEWML TV, IHEEFH X F0RREXRE
L, RLOBEDEI > IHAT FUYKE, RE7 VP UVEHE
B IURBHEDMCKBE R L OMARE  HEERALOR
HEE LTEERMEBELYHEDTWA ERE L.

PAAYBRTABCEELEEE LTRDREREBE
(minimum inhibitory concentration, MIC) &/ NREIEE B
5. L LEEFHRTRES S RCHAROBE IHAFOR
RZ V7 S5VvADHBIZL > T—FE L\ . Eagle® 12558
BGEERES (C-203) <=1V v G (0.008, 0.1% 7242 0.128 7/
m) W1, 270 L 4RRIERILABAITOR 1~ 3K
Blicdoh b HEEEBRE (C-203) M Licw 2 L2 BE L.
Craig 5™z FEORE T b bIAF A HECERREM L
TeRICEEET S BT MHI%)R (postantibiotic effect, PAE) K]
EBOTARCOWCREY FoBE, KBEE L URIBHE
R EWHR . PAE BRI EY 52X 2HT L LTHER
DRE R L OHAEX EME L oBMREMAD L. I, 5L
FOBEYHNILAZLIcLH PAE BHIREETS. 37
b PAE WEHAABE -RHESBETERELBEELTY
%. Craig 5% L NTL, AMK % L TOB ol
%35 PAE Rz MIC D 4 ~ 5 f5EC T | Refsef L 72
BEWTRER2. M, 2. 0B L02. IKETHS. B—
57 R ARMERTHEINS=v ) vOBBHE TS
PAE B2 —0. 2R TH B Lo ERTAHE, ZhbH3IBD

7 EEGERAAR RO BRERSIC X VREECRL
THRATICHEIER LA B35 2 Eavohnd. BET N oRE, +
BE S X OCRIBEC T2 MIC 12 NTL Tiith £h0.19,
0.28 L0 3.1ug/ml TH 0™, AMK Tiz%hZFho0.78,
3.128 X0 1.56TH ™, TOB Tt FLFh0.19, 3.13% 1 ¢
0.78CH 5. —#c PAE B¥IE MIC D 5 1 bI0ETRE
<, Thilbic@gErmEmsTd PAE BEIZEE Lisy. A5
THB L7 ERG (a i, b3 L0 OPs) b gy
NTL, AMK % X0 TOB 0BERZZhEN140, 1708 L0
Tpg/ml THY, ThHDORER LI IEOED MIC D10
¥ToBRELTV5.

Kane 5"z X2 & vm v 43T GM 50 4 g IFHR
EAIBHE LOISRHEEOMT AR GM BEZFhEh
3. 1pg/ml BLO21.6pg/ml Thotedt, EBET ¥ oBkEsy
RSB AR PSR RE TR AP GM B B o 53
PX10RFREIC4EFE L7z, Maurice™ 12 FAERICE S I iz GM
BERHE, va VaBREENTHHHL— b X 0BAG
HINBEMELL., L LWRED® IR TAIBRRICR VT
GM 79g/0.1ml R FHERICHEA LIHIZHIERN GM BE
(Ca) LRETFEP GM B (Cv) & EA IR 35 L D4R R
TRE LR, Ca/Cv REBIET Loz & & b mucEREM
DEEZIMEIEL LB HL - it L5 GM DREA~NDOHEH
BRE L a7z, FRmEH™IX GM OB TERIEAKD
HFER GM BE ORI TIO30REH T H - 7o', BT TR
RTIZMIEMER L EBE L. NTL, AMK kLU
TOB 78 GM IEQLEBRZ V7 5 v AR ET3 LEETH
W, RERTHB L ERG (2, bk LU OPs) 2 & {bX#
72\s NTL, AMK L0 TOB DE (FhFh 140 g/ml,
170 g/ml 3 LT 47 1 g/ml BETHRPIIEA) (2 I HE AR &
EINTHEEBRANLRETCLRE 7 PyRERII LD LTS
ZRERBCHLTLHRAS MIC 2#REL, 2~5BEO
PAE B2 RTLELDND.

% i

NTL, AMK % X% TOB OB 5 HREEY A
ZERBMELT, ve vy FREHENRYRTERERC L0
PRI HEM LT ERG (a3, bR Lo OPs) DELEHH
L, U ToOREREE:.

1. NTL 3004 M (140 2 g/ml) TiZ b % L 08 OPs %t
Lishr 72, NTL 5004 M # X0 8004 M Tz blis LT
OPs DIEBIZET L. NTL 14004M TiZ bifds & U8 OPs
DIEEAMET L, OPs ORAERAES L. LEROELIA
HHITH -7z

2. AMK 3004M (170 2 g/ml) Cik b % £ U8 OPs i2&fL
Lighotz. AMK 5004 M 35 X0 8004 M Tik bk &
OPs DIFEIBIZET L, bIEOEAENER L. EROLIL
ZEHERITH - 7.

3. TOB 1004 M (47 2 g/ml) Cix b % & 08 OPs 13&{LL
Fedsotc. TOB 3004M ¥ X0 500uM TitbWBLT
OPs DIFEEITET Lz, EROFLIZFHMTH -7,

4. NTL, AMK 3 X¢* TOB © 5 % Cik AMK ws\Tifl
BEHMEIR B,

5. KWHE A< b L EREEICHAS PAE BHZFT
NTL, AMK 3 X 0F TOB [2fB PR T B Otk RIS D18
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BORBNCHTERAEATNEHLFTHS LA ThD.

# &

B2 DI, RIS 2 85 & AR LB 0 & LB
A F S EEOBMB L BT T, TLAFRCEBITIVEL
FPABAE L, EEEHELCREN L ET. BERAROER
CHBI TSV E LAY TERKEFHBR TR 2 LET.
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Abstract

The effects of netilmicin sulfate (NTL), amikacin sulfate (AMK) and tobramycin (TOB) on the rabbit electroretinogram
(ERG) were studied to establish the nontoxic concentration for intravitreal use of the antibiotics. The posterior half of the
eye-cup, consisting of the retina, choroid and sclera, was mounted between two chambers, and perfused with Nagayama's
solution (119.50 mM NaCl, 3.60 mM KCI, 1.15 mM CaCl,, 1.06 mM MgSO,, 26.00 mM glucose, 25.10 mM NaHCO,
and 3.00 mM NaH,PO,). The temperature and pH of the perfusate were maintained respectively at 311°C and 8.00~8.20.
The ERGs were recorded before and 15 min after the perfusate was changed from the control solution to one containing
antibiotic. The ERG waves studied here were the a-wave, the b-wave and the oscillatory potentials (OPs). None of the a-
wave, the b-wave and the OPs deteriorated with 300 »M NTL, 300 ~M AMK or 100 zM TOB. The photopic b-wave and
the OPs diminished with 500, 800 and 1400 M NTL. The peak latencies of the OPs were delayed by 1400 #MNTL. The
photopic b-wave and the OPs were diminished and the peak latencies of the photopic b-wave were delayed by 500 and 800
#M AMK. The photopic b-wave and the OPs were suppressed by 300 and 500 M TOB. The above-described changes of
the ERGs were reversible. The ERG changes induced by the low dose of NTL, AMK or TOB were deterioration of both the
b-wave and the OPs. Among these three kinds of antibiotics, retinotoxicity was least in AMK. The minimum concentration
affecting the ERG (300 «M for NTL, 300 uM for AMK, 100 «M for TOB) was higher than their respective minimum
inhibitory concentration against Staphylococcus aureus, Esherichia coli and Pseudomonas aeruginosa. Intravitreal use of
NTL, AMK and TOB would be recommended for treatment of bacterial endophthalmitis.



