Effects of Vitreous Surgery on the Retina III.
Effects of Gentamicin in a Vitrectomy Solution on

the Retina
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Fig.1. Effects of 464 g/ml (1004 M) GM in an irrigation solution on the a-wave

and b-wave in a pigmented rabbit.

The pupil was dilated. Stimulus intensity

was 5.0X10° lux at the cornea. Stimulus frequency and duration were 0.33 Hz
and 500 msec, respectively. Each trace shows the averaged waveform of 10
responses. The left and right columns show ERG responses from the tested
eye and the control fellow eye, respectively. Upward deflection signifies the
positivity of the Ag-AgCl electrode at the corneal limbus in reference to the
Ag-AgCl electrode on the skin of the vertex. A rectangular waveform at the
bottom indicates the onset (upward deflection) of the stimulus light. Numerals

left to ERG waveforms denote time after surgery (days).

constant was 2 sec.

Amplifier time
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Control
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Fig. 2. Effects of 464 g/ml (1004 M) GM in an irrigation solution on the OP in
the same rabbit as in Fig. 1. Amplifier time constant was 3 msec. For other
recording parameters see the legend for Fig. 1.
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Fig.3. Changes of the peak time and amplitude of the a-wave by vitrectomy
using an irrigation solution containing GM in albino and pigmented rabbits. In
graphs A, B and C the concentrations of GM in irrigation solutions were 23
u g/ml (50 M) (one pigmented and two albino rabbits), 46x g/ml (1004 M)
(two pigmented and five albino rabbits) and 1854 g/ml (400 M) (four albino
rabbits), respectively. Ratios of the peak times and amplitudes in the tested
eye to those in the control fellow eye, (tested eye/control fellow eye) X100 (%),
are plotted against time (days) before and after surgery in this figure and
Figs. 4, 5, 13. The symbols of v in graph A and <>, ¥V in graph B indicate

pigmented rabbits, and others indicate albino rabbits in this figure and Fig. 4,
5.

A
Peak time of b-wave (23 1 g/ml)

»
B
Peak time of b-wave (46 x g/mi) Peak time
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(185 u g/ml)

T

Amplitude of /"\ Amplitude of b-wave Amplitude of b-wave {185 » g/ml)

200} /‘b-waye (23 x g/ml) (46 1 g/ml)
/ \
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ol ira
- N ) ju—— L s e — s
afore | 3 7 14 efore | 3 7 14 "
8gehy Time after surgery (days) &gy Time after surgery (days) L Time atfter surgery (days)
Fig. 4.

Changes of the peak time and amplitude of the b-wave by vitrectomy
using an irrigation solution containing GM in albino and pigmented rabbits.
Other conditions are the same as in Fig. 3. Stimulus intensity was 5.0 lux in
the open symbols, and 5.0x10% lux in the filled symbols.
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Cc
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Fig.5. Changes of the peak time and amplitude of the OP (O,, O, by vitrectomy
using an irrigation solution containing GM in albino and pigmented rabbits.
Other conditions are the same as in Fig. 3. Open and filled symbols pertain to
O, and O,, respectively. The symbols of < and €, which were marked in
Fig. 3B and 4B, were not marked in graph B of this figure since O, and O. of
this pigmented rabbit were obscure before and after surgery.




MEBEAICBLETIRAY > 7~ 1 ¥ DRE 399

P, ZOBRECIIHERIR L NEIROB TEE 2 h -
1. Zh o ORIERY B L CHEABROERIZZ 0%
i EE LT 42~630 & TWIZIZATATO KB &
cEEL, EEOBEICHERER & NBIROM TEI 2
otz aEOTEAEE, I (K9) B L UREBEE
BEORE (K12) W3 BBRS L UKTRER & b i
B rELTCREEACELIER Ao/, &
7 HRI2TH 2R T L HEBIR - HEIR O M T ERG B
IVEBEESSCRERASRE N> (M8~
12).

13z GM 46 g/ml TEFRL 724 X 2§D ERG
&S (ag, b, OP, SNP, 8itH) B X UER

Time after surgery (days)

Fig. 6.

a-wave and b-wave in an albino rabbit.

BEENEORBS & UTHABBOMNR - fitkoX s
(9 BR R B84 2 i/ M FRARIC 3847 5 () X 100 (%) Tmw
7. ERG £ A B L UVREBEEGEORIE L £ 18
BRI - MR 2@ L THERR L NEIROMT
EREEALA N R (H13).

GM 46 4 g/ml (100u M) % S @ % AV TAE
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® %=
MR 2 M R O BFEWEORN DR AL

Control

50 msec

Effects of 1854 g/ ml (4004 M) GM in an irrigation solution on the
A gold ring contact lens electrode was

placed on the cornea. Amplifier time constant was 2 sec. For other recording

parameters see the legend for Fig. 1.

Time after surgery (days)

Fig. 7.
the same rabbit as in Fig. 6. A gold ring contact lens electrode was placed on

the cornea.
parameters see the legend for Fig. 1.

Amplifier time constant was 3 msec.

Control

50 uV

30 msec

Effects of 185 g/ml (4004 M) GM in an irrigation solution on the OP in

For other recording
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Fig. 8. Effects of lensectomy-vitrectomy using an irrigation solution containing 46y g/ml (1004 M)
GM on the b-wave and the SNP in a mixed breed dog. The pupil was dilated. A black contact
lens with an artifitial pupil (6 mm in diameter) was placed on the cornea. A single rectangular
stimulus light was used. Stimulus intensity ranged from 1.0X107° to 1.0x10* lux at the cornea.
Responses in A and B show mainly the b-wave in the tested eye and in the control fellow eye,
respectively. Responses in C and D show mainly the SNP in the tested eye and in the control
fellow eye, respectively. Numerals above ERG waveforms denote the stimulus intensity. Numerals
left to ERG waveforms denote time (days) after surgery. Upward deflection signifies the pos1t1v1ty
of the electrode at the corneal limbus in reference to the electrode on the skin 2.0~2.5 cm anterior
to the inion. A rectangular waveform at the bottom indicates the onset (upward deflection) and
termination (downward deflection) of the stimulus light. DC amplification.
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Fig.9. Effects of lensectomy-vitrectomy using an irrigation solution containing
464 g/ml (1002 M) GM on the ERG evoked by a single brief flash in a mixed
breed dog. A single flash of 40 ] was used. An arrow indicates the time when
the flash was given. Amplifier time constant was 2 sec. For other recording

parameters see the legend for Fig. 8.
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DREWPEDORENLETHS .

WHETIE ERG 21EE L L TKERD 7 4 ¥
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fo. v FHEHIRAA RS EE Y 12 L huid GM O BE 23
pg/ml 50u M) ick 2R TIE ERG B3E({Le ¥,
46 g/ml (100 M) Ti b ¥ B & U OP RIEDEER
4. 185 g/ml (400 M) Tk b HIRIEDE L Wi,

Control fellow eye

Fig.10.

|

ki

___lso AT

10 msec

Effects of lensectomy-vitrectomy using an irrigation solution containing

46 g/ml (1004 M) GM on the OP in a mixed breed dog. A single flash of 40
J was used. An arrow indicates the time when the flash was given. Amplifier
time constant was 3 msec. For other recording parameters see the legend for

Fig. 8.
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7oE LT R2pg/ml, 200uM) Tixal, bEB LUV
OP DX E/1: b B & U OP DIREDHA B & U

1.7ml {RZEL GM %Ry T Eacin g L &
LT 139 g/ml, 300 M) TERLETTDY 4
FIZBWTad, bEEBE LU OP kL 7.
FRCIEHTFAREREDO GM BE % 7 + ¥/
IRIFETEBR Y IZ L d 5T 23x g/ml (50 M), 46
xg/ml (100 M) 8 & F 1854 g/ml (400 M) o> 3 Bf

Control fellow eye

10 min

300 »V

Fig.11. Effects of lensectomy-vitrectomy using an irrigation solution containing
464 g/ml (100 M) GM on the light rise in a mixed breed dog. The stimulus

intensity was 1.0x10° lux at the cormnea.

DC amplification.  For other

recording parameters see the legend for Fig. 8.



404 L

WAL, GM ofiE~0FENE % ERG B L UERE
ESEEHREL L THRE L. AREOKEL D ETFE
o GM B 23 g/ml B & U 46 g/ml Tk
74 ¥ ERG 3&{b€ 7 (K1, 2, 3AB, 4AB B &
U'S 5AB), 1854 g/ml Tl a i, bEB LU OP @
W LA, ERBFoERSBEEsNL (W3 C,
4C, 5C, 6BLIURT), GM iz & 5 HEEEDORE
ERREEN. GM 123 AT =2 EORMERD
DPRPE iz A7 =% BIEENSE 1S, GM D

GM

Before
surgery

W
R

42

Time after surgery (days)

o

) \N\\\“fj

E

IRA# 5 T3 RPE OEENEE IS . Damico
S BAHBYHFIIBWT GM OB FERNE A
(200~250 4 g/0.1ml) (7 ¥ FBEFEEHE 1.7ml
REL GM B EcHFHEPICEBRLZELT
118~147u g/ml) T D WEBHEREE TH 3
RPE O&EE - BEORMRATORE PEEs L,
¥ L. RPE OBEEZFBRLIEHN TS XitBn
THEFAHREFES GM BE 46,4 g/ml (1004 M) 12 X
D RS TFARIRM A MEITL/2 L 2%, RPE OBEESR

Control fellow eye

WW
¥
e
Y

” 200 xV q
Fructmani Fructmani

10 min

Fig.12. Effects of lensectomy-vitrectomy using an irrigation solution containing
46 2 g/ml (100 « M) GM on the hyperosmolarity response in a mixed breed dog.
A black horizontal bar indicates an intravenous injection of Fructmanit® at a
rate of 10 ml/kg/15 min. DC amplification. For other recording parameters

see the legend for Fig. 8.
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gy A LR B L URREEDE IR L A E
17 < (E11~FE13), £7: ERG ai, b, SNP &
FUOP BT HXRIRE DMIcER kh»7 (K
8 ~E105 & U'BIL3) (£ X 2 HIC BV THTE63H 8 &
3270 £ CHE). UEKROMEE L 0 T RERK
d1 GM B 46u g/ml (100 M) 13 F iR DO BEE
PREET B a i, Fio Miller #IE DAL & Kbk 3
AbEYB LV SNP (B IR ER), MENDERY +
7 A DRI OB # Kikd 2 OP™, RPE OkkE
P RBET BE LR B L URIREELE MRS
pEZRWT EHHEAL /2.

ERG RO BERESH # KL 2L,
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Fig.13. Changes of the peak times and amplitu-
des of the a-wave (1), b-wave (1.0 lux, A),
SNP (1.0X10 lux, v¢), OP (O, O; 0,0 ; O,
©), light rise (B), hyperosmolarity respons-
e (A) by lensectomy-vitrectomy using an
_irrigation solution containing 464 g/ml (100
#M)GM in two mixed breed dogs. The solid
and dotted lines indicate two dogs.

DBEXIEHEMENICNL Z LB TE 2 REFREN
ORFHIFITbA TRV, MTERERKT GM &
B 46 g/ml (& DS FERUIBRM 2T 1 ZR2HAT
BO3F ICHHM R O¥BR) IWREB L 7- L 2 5, MiRGHE
BraofEeBCREIBREs g o7z (K14).

%7 D’amico »* 1z GM 500 g/0.1ml ("7 % ¥E§F
% 1.7ml EREL GM 2% C R AR imsL
fo b LT 2944 g/ml) OB THEEEICIIERELY
WEBERFED T2 (FAYHF). HREOLR
M3 GM 78.7x g/0.1ml (46 g/ml, 100 M) RSF
EAEAZIOH CHESFREALC G HERR & SRR &
DETERIASNED ST LRE L BEYHX).

ERRTIIEEHFAMBEREL TS THTFR
CUBRMT PR U T 8E % R D MEREIE A O BT SR % 3 4
THHFRBZRERETICRET ™. JORTFH &
2 GM OfE~OIEE T 208 %E2H 5.
Peyman & *“ % horseradish peroxidase (HRP, 5%
#1740,000) 4 FHRPIE A #1553 T HRP i RPE 0%
EHEE (tight junction) K TEL Tz L HE L.
GM 7 FEIIH463TH D, GM D FEF COILE
2 HRP & OB RuveEx sh, MTFEEIBRATHIZ
GM R TEL T3 LfEflah 3.

Peyman &3 74 F 25T GM 254 g/ml %18
B L 7R TR T & DI PRI 2 /61T L o &
IAMHBEMCREESBE AN, HTHRERKED D
GM #fEIcEE s R e L VWBEE S ug/ml TH 3
EHELL. TOREIFROPBMETH 2 464 g/ml
BLUY - FRIMIBAERER O 23ug/ml & FF

eenmntntsons i it

Fig.14. Light micrograph of the retina of a
mixed breed dog 63 days after lensectomy-
vitrectomy with an irrigation solution conta-
ining 46 g/ml (100 M) GM. Hematoxylin-

eosin stains. Magnification, x200. GCL,
ganglion cell layer ; INL, inner nuclear layer;
ONL, outer nuclear layer; RPE, retinal
pigment epithelium. For explanation see the
text.
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LTwa k3 Eaz3. Ll Peyman 5“5 0Tz
ERBRSEHAERTHS. —F, ERREEARETR
HEBEORBFCLATH S tvbhiad HCO %
agpty—rF MA®TH D, Usmo v+ FEHE
FRERMER"Y CIRBEREEFCER T ChEL
BUEY TH2. £HAKC L ZHEFEERIIELR
5% WE 5, Negi 5%, KE>*“IZXihid ERG *
Whae, oty —F MARH L cmv e
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BEBYFFIZBWT GM 2004 g/0.1ml (7 4 ¥ 54
Fia% 1.7m] L{RE L GM 2355k ic ik
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GM 20 g/ml (#9 43u M) L7y Yy 50u g/
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260 M) % R ORE AT 12 AR U B TR YTBR AT %2
HATURIFZERER B EHE L. Do k> cE
MEBRIZBWT GM OFFBECT—E0 2451,
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D, BAERKRCEE:R2E 272\ GM 0L2RRH

SECHELLTULERCEEL T 3bi s
V. KRICE L TE L R ERG B X UBBBER
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ﬂlﬂ: 17119120)25)-27141)47)-49) 0) 7‘; z]) -/C %—) {E;l, )1E L':E L , ZaChaI‘y
5%, Forster 5™ Q#3242 GM #E L1315+
5. MEAERNEAORERLED S b L REERMR,
L T Staphylococcus epidermidis, Staphylococeus
aureus ¥ X U Pseudomonas aeruginosa 252§ & h
5. ZhoOMECT 52 GM OB/ FEEH - HE
(minimum inhibitory concentration, MIC) (4 g/
ml) ZZNFH0.1°, <0.19~3.13%, 3.13%T# 2.
GM B 23ug/ml i 2h s OMED MIC 2+4%
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RENEHEFTE 2.

B MERR A 28 €1 ST ARVTRRAT & FIBF IS R R 2l
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BESEG. Lz TRRNCERS SN HEHs
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H5H. FKRGDE VY FRABMEEBH % 4 B GM
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ug/ml TRAKA LR ERL, BEHF (dense
body) @ HEE L O 1000 g/ml TRRAENKEONE
HEOER({L, SBOBBEEOHE, Bh71474Y
I (microfilament), O MM A ST L TWE LT,
KROKIE L 0B85 Mz ERG B X UBBEETER
BEL 2 GM BE 23 u g/ml i3 AP E OESEN
EEEREZV GM BE (104 g/ml) ORI 215THS
P, AENEE GM O BEALRER IR T R RAT R0
GM @27V 75 A (BEFHER ORI H 120
BERT D EHRRS P OERITEAIL 2 » I ERET
HEIEDSABENENDOHEIZIZEA LBV LEH
Ehs.

GM OHABFRBELRD 5RETZ L A VERRCE
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& U FRYIRRM O BB 5 EEAD Y 2 v 7T
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MIC 8L TBD, &7 Forster %, #E5%)
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UVEREERECHERS 2 hh o).

2. WPHERBES GM #%E 1854 g/ml (400
#M) ¥ ERG afif, b, OP #Mig14A T
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3. FROERER LD ERG B L UEEBEERE
PEELT 20 & 0P HREREDS GM BE 464 g/
ml (1004 M) E#ERED % 59 RPE 12 b g%
20T LA 7.

4. FIROFEBRBER & UKEOKREFARD 75 X
R ERER Y ORR 2 HETIIE, W FEERR T
GM ¥ 234 g/ml G0u M) i3 At S & CMBM O
KBOLTHEMEBES & RPE B8 s 52 c0n2 &
HEEAL 72
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Abstract

A non-toxic concentration of gentamicin (GM) in an irrigation solution for vitrectomy was
studied on the basis of its effects on the electroretinogram (ERG) and the hyperosmolarity response
from the retinal pigment epithelium (RPE). Eleven albino rabbits, three pigmented rabbits and two
mixed breed dogs were used. Vitrectomy (in rabbits) or lensectomy plus vitrectomy (in dogs) were
performed in one eye of each animal, using an irrigation solution which contained GM at
concentrations of 23 4 g/ml (50 #M), 46  g/ml (100 x M) or 185 4 g/ml (400 « M). The untreated
eye served as control. The a-wave, b-wave and oscillatory potential (OP) were recorded before
Surgery and 1, 7 and 14 days (28 days in two rabbits) after, in the rabbits, and the a-wave, b-wave,
OP, slow negative potential (SNP), light rise and hyperosmolarity response were recorded before
Surgery and 7, 21, 42 and 63 days (327 days in one dog) after, in the dogs. Neither vitrectomy (in the
rabbits) nor vitrectomy plus lensectomy (in the dogs) with an irrigation solution containing GM of 23
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4 g/ml (50 z M) (one pigmented rabbit, two albino rabbits), or 46 1 g/ml (100 x M) (two pigmented
rabbits, five albino rabbits, two dogs) showed any deterioration in the retinal electrical responses .
tested in the rabbits and dogs. The a-wave, b-wave and OP either diminished or disappeared by 14
days after surgery with an irrigation solution containing GM of 185 x g/ml (400 x M) in the albino
rabbits. These findings indicate that an irrigation solution containing GM of 46 u g/ml (100 . M)
does not affect the inner retina and the RPE. Our laboratory previously reported that the rabbit in-
vitro ERG deteriorated with GM of 46 x g/ml (100 x M) but remained unaffected with GM of 23
w g/ml (50 #M). The results of the present paper in conjunction with those of the previous report
from our laboratory indicate that GM of 23 x g/ml (50 x M) in an intraocular irrigation solution is
non-toxic to the retina and is recommended for treatment of bacterial endophthalmitis.




