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Sy rEBIPENLEY FIZIEITH Netilmicin D
BEHEIZOWT

KEEE - REH = FHBHE - RINIEZE
REBR-AREE
BRAREEFREEHE

* HORERSI RASRIRBEE AR

Netilmicin O BEEMZHRET2EMT, 7y +Hd0REL Ty 2 AR IBEDTINERY
T80, KEROBREEHEN KRR LCRBORBAKRFORRE, & 5IZ—#iZiz Nitro-BT
BERBTREYRBL T, TNHLDOFEREEL VRO L 5 EFELF72.

o v MZ¥ITHEHEN L Gentamicin & 8L, WAL b 30, 90, 120 mg/kg 3 BEEE TiZ,
ENREOBEREIALNT, REDWR4 7 > BOREEMRIZL HERRIALNL - 2o HAEEM
BRiCid 1 EERFmICIZ U £ 3R BIGL DL, ZTDORFFEE Netilmicin Ci3 90, 120 mg/
kg 5L LIL11% Th- 7eh’, Gentamicin TREURSETEN T30, 100% & SEEICKD
H, ¥RMEEGEHEL Gentamicin DEHMNAKEIZIS LA T,

B 7y MT 15 BEFEE BFED BRIZ DWW T, Netilmicin (3 BE#Et, BHEME HIT
Gentamicin £ 0 $5<, RBIZRGEHINT X AEEDHERE HHTHeh - 12,

EN Ty MIPWTL, Netilmicin 50, 100 mg/kg 4 BEERE TLEMGDOHBEIZLLNT,
RENRE s + > RITH, LEETHTICRB U ATEMBEOMAN LANCLED LN TS
Motz BVEY FMIRITDIRANDEEMKRR, 5y P TOREELIBIZEAKETHD, TiEkbhbh
PRELCEEET =/ EBEFRTADEOREE LB T2 L, BEBRITH T ABENERICHE
VWERITHHENZ Do

BIESRICHLTL, 7y b, v ey FESTHEMBROBENRIMLENENLLE DL N
AEAERENHBIZE LD THL, ERHELI L FEREEEDL XL N - 12,

Netilmicin & Furosemide MffFEEIZiZ, Netilmicin B CIIFEE LA\, KE7 B EIRICIS
TAENRETEERLE 7 € BAFEMBOBKRILUCHBRD - 2 v ¥ - RBBEEY RTHFRNLE
Hbhiz, Zhid Furosemide T X~ THIFIKDOEBHASTTH X h, Netilmicin 23Rz BT
BZELILLD, TOBERRERTAIIVI 2 bDEELLND,

PAE, Netilmicin 3FEMBRITINTUT =420 ¥~ RE> BETAER2ETHL00, M
BT T 2BEEAID2 L, MBRRICBTL QL ReHIil, BENHAILRREEYEZLLTLIB

b7 2 BIBAVEESBR LIS WD EHEINS,

I C ®»

Netilmicin 1 KE ¥ = V ¥ 740 BERIC X 3 FHLU VO ESR
7 3 7 BB RINEWR TH - T, Gentamicin (BT, GM)
%o Sisomicin (LF, SISO) @ 1-N-z= #VEBGETH 3,
SISO 3 it¥# = GM Cia WGERIL, ZDHES, B|HEE
tic GM tiziZRABEL IhTWVW3Y, 20 SISO O 14D
7 27 &R T F VLTI F O Netilmicin 121k RO & 5 724
BYpsEnbh T3, HEATIE GM & BIZRBEDA
WHB A7tV ESRWEEER%2 L, UL s GM Mtk
D55, 7rFNE, TF=) - LR EDFEABERICEL S

MR D—ERICH U TRRZM R RT T ETH D, TeEMRE
WTh, #RO7 I/ EEGFRAEWRE CHBICIA TV EE
EEPEEMNESTIVE IR TNWEZLETH AL,
BEHMILOWTIE, 19764k 7y +, ®Vv=EY F, %2,

AR, FNRERFNEABO RBREESBEINTED, &
ADREREFRE L CRIESRRICAHT 2 MEQOBEILOWT, B
A E DL ERERTE, BREFB¥ORE, FREOGEY
BEZECIORETIN TS, Lurt® 1319784 T h
S0\ ERELDT, KKDOBHIKOWTRAMZTMERA
T3, ZD2H» T Netilmicin ZWFhOBmERIc 5\ T
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L EEESTHL, BICRSROBIMCE 2REOHEBLS EDT
PRAERFTL TS, EEBRICH T 2mWTICEy 5,
kD7 3/ EEERAEDE & O LRI, Ficevey b
TEHMIT B shTHbh, BrumMert 54 . FEDERSPILS,
WERSALL 56 O—@D EEESEH» 5, Netilmicin & GM,
SISO, Tobramycin (31 F, TOB) Amikacin (IF, AMK)
L BBERBRICA T IBEN LSRN ELBPLMILINTE
b, LR TIE GM © 1/4 LI'F, AMK @ 1/2 BTF&d
BRENTNE, ThbDBELMES ARPINI 57 ZL 5T
R OB EHSN TV B, F 12 Netilmicin 1ZFIESRRIC
E AR FEHICA 2, MILLER 51 D% 2% IcARASHI
58 DY MBI B FIEERETIA GM XY 3 BETH 3
EINTNA, 35ICERENC § AR DEBEMENSD/LNT &
BREIhTHY, EATIE & BRLEEC Ei]1 B 150~200
mg, 5 ~10B M #EAL 124 TS0 D KREE» » H 2, SHET
% SOLBERG 59 D F|EZIIU D % L O BHKFFM 2 Eh
T35,

SEbhbhik, HITEEKERAFES AR E OKXRTE
i &b, Netilmicin OEEML BEME O BERERITIH
BT, 7y FPRAWIRBRE TSI EE I, ThETHREL
TE&I—#ED7 3/ EHEFRAEWRIC DN TOEEERBK
e D HKRD 1epic, =vEy FTO EBREZ b bRV

(1977~1978), & 6T EFBBEMER 1chD 2 tEADH BV~ 7
FRAN & AHK| & D PFARBRZ EMEL 12 (1980). Th b DFEER
B & b, Netilmicin O F#Ef, HFICHERBRICHT sHE
PBRED T 3/ EEFERIEDEITHRBL THih T &b
BAoMLICENIZDT, TALRIDNVWTHRET S, XBT v + T
DREBEEED 55, FHEMC U T $EATEED BEicE
R, TITRESEEL U TOEERE L ABBE 2 THICHRE
U, b TKAID BB & FHREDOHRICONVWTETOEE
BMAT.

ERMHE. EBRAE
1. 7y MIITHEHN, BHEEAR
Sprague-Dawley RHE> » b (RKEK 200 g) 60T
% 6 BT/, Netilmicin #3102 GM 2 KROBHC
1B 1EBANTEL .

1E#S5E R5HHH 1 G
30 mg/kg 3™ 10pT
90 mg/kg 3EH 100
120 mg/kg 38 10

#5813 Netilmicin D FEFE K AR Th 5 3~4 mg/
kg/day (R APKE 50 kg & LT 150~200 mg/day)
&0 3 mg/kg BEAL LT, M0, 30, 50f5H%
EL TERZFE L 72, 505 &ED 150 mg/kg 5T
{3 Netilmicin, GM L 1T 3 AMB ST A 5 5
BB s o 12 t28d, ABOEBRIZISNT 5 BN
AP S BRI L, BEIRGRY 120 mg/kg (40f5ED

KRRz BEHBRERN y rBLVErEy +
KR H2EEERRTILER 4 B L LT a0, 4
DEBIIBEUARZ S HbE T 3BEBE L7,
BRI A7 %)z Netilmicin (Batch No. 7733-42,
B 611 pg/mg, =y v 7 2AK K.K.) & GM (Ba—
tch No. GMC-6-M-7046, Hffi 538 ug/mg, HEE%.
#IK K.K.) Thab,

BB REIL R L D REL Q5 KFE B
(20,000~500 F7zi3 200 Hz) T MZHIFEIZ HT 5
FEFIENRRRE, REMERFHRIT 1 AFICE
BL, B2RABEKIZHT BN ONTEEN KIS
JUMEEDBROBEREDIEN Y ZREL 72, Flokisk
BERRERDER L D BICRBIZ LI - 72,
NEDREEGEARRIL, BERTEOEM% Ne-
mbutal (30~50 mg/kg) BETCHRIL, BHERY/E
UM L 728818 37°C DEBRAKKTERERL, £
VR (ER, BEROBR) LKEER (i BR) ¥R
C7210%+x v < ) » IR CERBEEL 7. £WEREEH
PIRUAEBREILIELAVv=Y YK TT7 ~10E8H
EZEL, ¥ Plank and Rychlo BiKiK (L7 v
Iova S 708 B S50 ml, EHE 8 ml LXK
BK% M z2T 1,000 ml & L7zbn) T7~108 KB
KL, ZOMICBRKEIZ1I~2EFLNLDE BEL
720 BIKBEDHEB IR | EZTRL, WART2
BRIZEKEKEL, 743~ VRFIT3~4 ARTOBA
L, SHIE/AKT VI = 0 2 -7 VRIIDERBAK
T3~4 HETONEL 72, KiIZe w4 P> RFID 2
4, 8BMIT3I~4BETOAN, 8% tuv 42 KT
ANTHE X B2, BAEBRIE A& en LD « 7
oy 7 2AREDKFWHEHE T, RE®SirEGTs
LL, SRBET~A= MRV VY ez x Y uaRizE
Z L. REDRE L UREBNDETAITOWTRE
HRBERRRY T, REFACBERI H 5L Bbh
LREGOBE LI D ITONTHREL 2,

IS IBHBIIT O TOBIERE I L UOREE R -
HERILEHRRERI, HREERXERAETEREL 72,
2. =AEy MIBITAHAEHERR

Hartley e ey b (JKEM 350 g) 30MT% 3 BHIT
73, Netilmicin 2Rk BHETL B 1 EGHAMNESL
720

1E85E ®R5HH 1 BBk
50 mg/kg 4 10p
100 mg/kg 481 10T
150 mg/kg 2 M 10PT

#58, REMWL, o7 2 2 EEERRITEHED
E BRI L LIRS D B TREKD FETYEL
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B, BERSEN 150 mg/kg TR 7 v FDHE R
CREEANE L, 2 BERSHBOEERNN 4GILTe- 72
7esh, FhLLEREZ ST TR BEFEORE RIS
HEHML, 2@HATHRSEHIELT. FRMRELL
T GM % i iah» B, T Tbhbhh—iE
DERIT T, GM DEHHD RENZE—ELT
¥O, Ny sy Fox L UTRMERICHAE
HEHML 22D TH S,

ENESERRERBEORBRRENRROLER, 7
y FOBALAKRTH S,

3. ®=AEy MZISITH Furosemide 4 KD HHE

MR
Hartley Rer ey b (JREH 350 g) 3[ILiZ, Ne-
tilmicin 100 mg/kg #% 1 [B] FHANIESHE 2 BB,
Furosemide 100 mg/kg % 1[E #RINEHL, ZTN%
3 BEATREL .

ENRGTRRBIT Netilmicin #5857, ®R5EK2KEME
(Furosemide #%5 ##f), Furosemide ®5EH% LD
3BE T CEBL

WEIZOWTR, BEOREBEEGZENREITNAT,
EEBEMBO T v —RB2RET 5 BN TERIL
BHRRYHHETREL . BREXRTROBMIINER
#EHICHEMNFER>E %, WE#% Nitro blue tetra-
zolium (Nitro-BT) DRt (Nitro-BT 1 mg/ml K
w5 ml IZERD 0.2 M v BREmKRZBERMLZDL
N) TERRISIE, 37°C 400H KE%I0%+ v =<V

S TEIRE U, [BE %24 LI O ER S T TR
EDEEELY 7 v BOHMEARLERL, 728
DBEEMAPUT 3517 % Nitro-BT #BEK BITUSEY T
HHHV=Y Y OEREELREL, Hbh¢ TURERM
EHIRR L KL 720

¥ 7

1. BENMRS

1) 7y rEEARTOENSS

30 mg/kg # 5 Cid, Netilmicin, GM FE & HIZH
TR, £ 3BEAORSHMEZEL TENFEK
BIZ L ENRS D EERLS NI h - 2o Fig. 1 38F
WEITIST B BERTO BENAREIEMEEZ O dB) &Lk
Ben, R53IBED BN BED LF(HEET
() DEFHEEZ R LD THD, ML T Fig. 4
DEMEY FOBAELKERT S L EFHEIRZ L,

90 mg/kg |5 T3, ML LITIHATOFELEL
2, EEFATENMRFD EEE L2 DRh-
720 Fig.2 DENRXEBEOEHEHEIL, =rEy +D
BEE BT, BEETOEMNRLEDLN,

120 mg/kg #¥5 T3, Netilmicin H#T1HH1HEE
CRETL72H, ML bEFENTENMRSOHLZ X7
L72bDid7eh - 72e Fig. 3 DENMREHREDREEH
12, GM B HIZ 2,000 Hz Ll OFEREEBICISIT
AEEBETHEHTH - 7

7035 3BT ERR AT, WThDEHITENTDH

Fig.1 Threshold shift of pinna reflex in rats receiving Netilmicin or

Gentamicin (30 mg/kg, 3weeks)

——a" Netilmicin (10 rats)
O—0: Gentamicin (10 rats)
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Fig.2 Threshold shift of pinna reflex in rats receiving Netilmicin or

Gentamicin (90 mg/kg, 3weeks)
o——eo: Netilmicin (9 rats)
O———=0: Gentamicin (9 rats)
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Fig.3 Threshold shift of pinna reflex in rats receiving Netilmicin or

Gentamicin (120 mg/kg, 3weeks)

——e: Netilmicin ( 9 rats)
O—0 ! Gentamicin (10 rats)
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204
B S e Fli R & Bbh ATERIZRZE E NI - 12 Netilmicin 150 mg/kg 2 EMB5SH T 6 FlAsFE
9 =iy FEBERRCTOEMNRS Lizhs, EBEA 4 A TENRSDOBEZ E2Lcd i
Netilmicin 50, 100 mg/kg 4 BB B TRECH T8> 72 _
W, ERESEERcEARNOMEE ELb AR 360 5 BENRSRIED RIMOEZ Fig. 4

DHlsh-72 WRd @Y ¢, 50 mg/kg ®EETIS 8,000 Hz Ll |
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Fig.4 Threshold shift of pinna reflex in guinea pigs receiving Netilmicin

o--—o . Netilmicin

50mg/kg, 4weeks
0——0 : Netilmicin 100mg/kg, 4weeks

(10 guinea pigs)
(10 guinea pigs)

""" . Netilmicin 150mg/kg, 2weeks ( 4 guinea pigs)
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Fig.5 Occurrence of pinna reflex loss in guinea pigs receiving
Netilmicin Netilmicin and Furosemide Netilmicin 100mg/kg, i.m., single dose
100mg/kg Furosemide 100mg/kg, i.v., single dose
Furosemide 3 guinea pigs
100mg/kg
2h l +h 1h 2h 4h 1d 2d 3d 1w 2w 3w
| | | | | | | | | |
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Guinea pig 123 1 123 123 123 123 123 123 123 123 123 123
No.
Netilmicin 100mg/kg, i.m., 4weeks (10 guinea pigs)
1w 2w 3w 4w
Incidence of T
pinna reflex loss
(20, 000-200Hz) 0/10 0/10 0/10 0/10
DBBEEKKTIRED LA HHH, TOMEMAIT 100 100 mg/kg # 1E@ET 5L, S BARGOHEE

mg/kg WEBTIE 6,000 Hz LLEIZALN, FDOEH)
HE L RRKE {eH» T2, 150 mg/kg |ERTIX
BEREEAE D, RHBHEI/NZ L, 15,000 Hz
UL TRED EANALNIZITT &80 - 72,

753 4B 723 2 BEOREHBHITR, WTho
BHIIWT L AL A FRE L BN 2 ERISBRE X
nigh -1,

3) ®MEy M IITH Furosemide §:f BEHEMEHR

BRTOENRY

Netilmicin 100 mg/kg 1 (3 5% 28% B B <3,
20,000~500 Hz DRERK KK 5 EMRSHTIZRME
NDEABBRLALNILAD, ZOREET Furosemide

DREL, L ZORREBRENHBYBRETHZ
LR TEI. FOBKMIT Fig.5 12334 8®Y, Furose-
mide #5EHIZ 20,000~500 Hz (272 5 K807 EH
B COENMRGOMBEN AL LITRBEL, ZORD
2R ZD & S AR BRI TOEERI R F %305
BET#HHL e 1~4BMBIZIE —3D 20,000
~15,000 Hz 35 X 0* 500 Hz DEREE AR, 2L
LIEIER RLI2LOD, BE5#%1BEBIZ1 40T 20,000
~12,000 Hz TH BMARHO EEDS, 2 BEIZI o
2P L BEE B TOBIIBERRE L2, 1 BRI
BREY 472 18T 0 Hkid 20,000~3,000 Hz DA
o7 ARSI HEAL Toee 2D X 5 18 BAREHH
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$0) % B2, Furosemide #{57% 3WEIT (2 —8D
20,000 Hz # Bk < AR IZISWTHURERRL T,

2. NEOREHEKZNTR

D 7y rHEHRRTONEFRR

30 mg/kg #®4EH i3, Netilmicin # (Table 1, Fig.
6~9), GM B (Table 2) & $iZ, 7 = / EE¥EHKRERN
EREIZLARELZRILCTV S v BOAFEME
ITU3, WA 1 [RER TR D H THERIC 72 20T E)
LTI TH HERGE AL NIch » 72 (Fig. 6, T, %
727 v BONBEMPE, X5HIT7 v BEBELK
OHE—R =2 —o > D7 v HFEMIIZL HRBIZIAL

Th Fig.7), MERDOLFMIITLHALHIREBR
B vish o 72o BIERIZOWTIE, WiEe L2
FEBER 2 RIEEH T oD, 7z Netilmicin B FHuz
PSR AT TOBEMBOBFEEEREILL N
(Fig.8, 9, MENEEIZ THhLIBETH- 720,
IR IR CI3 EA (BE) DEAEEbE-
T tze BIEMREIIIEALTOREBRIB AL NILH -
720

90 mg/kg #45-Ti3, Netilmicin ¥ (Table 3, Fig.
10, 11) H9f 14L& GM # (Table 4, Fig.12,
13) D9k 3BT, BARGHIEE TH Y 7en3h, #

Table 1 Effect of Netilmicin (30 mg/kg, 3weeks) on pinna reflex and inner ear

. Cochlea Vestibulum
Rat No. Pinna reflex loss

Frequency range | GHC loss | IHC loss | SG loss | MC loss HC loss
Ex. 1 0 0 0 0 0 + (U,S)
Ex. 2 0 0 0 0 0 + (U,S)
Ex. 3 0 0 0 0 0 + (U,S)
Ex. 4 0 0 0 0 0 + (U,S,A,L,P)
Ex. 5 0 0 0 0 0 + (U,S,L)
Ex. 6 0 0 0 0 0 + (U,S,A)
Ex. 7 0 0 0 0 0 + (U,S,L)
Ex. 8 0 0 0 0 0 + (U,S,L)
Ex. 9 0 0 0 0 0 + (U,S)
Ex. 10 0 0 0 0 0 + (U,8)

Frequency range; 20, 000-500 or 200 Hz
HC :

hair cell.,, OHC: outer hair cell, IHC: inner hair cell,

SG : spiral ganglion cell, MC: marginal cell of stria vascularis,

U : utricle, S: saccule, A: anterior semicircular canal,

L : lateral semicircular canal, P: posterior semicircular canal

O : normal, -+ : hair cell missing slightly

Table 2 Effect of Gentamicin (30 mg/kg, 3weeks) on pinna reflex and inner ear
. Cochlea Vestibulum
Rat No. | Pl reflx o
a y rang OHC loss THC loss SG loss MC loss HC loss

Ex. 1 0 0 0 0 0 + (U,S)
Ex. 2 0 0 0 0 0 + (U,8)
Ex. 3 0 0 0 0 0 + (U,S)
Ex. 4 0 0 0 0 0 + (U, 8)
Ex. 5 0 0 0 0 0 + U,
Ex. 6 0 0 0 0 0 + U9
Ex. 7 0 0 0 0 0 +
Ex. 8 0 0 0 0 0 + (U,9)
Ex. 9 0 0 0 0 0 + (U,S)
Ex. 10 0 0 0 0 0 + @S
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Fig.6 Normal spiral organ with inner hair cell
(IHC 1, outer hair cells (arrow), Deiter
cells 'DC:', and Hensen cells tHC) near
the basal end of first turn of cochlea. IST -
internal spiral tunnel, AT : auditory teeth,
VL : vestibular lip. Rat treated with netil-
micin at 30 mg kg for 3 weeks. - 300

Fig.7 Normal spiral organ with inner hair cell
+IHC ', outer hair cells OHC ', Deiter cells
'DC/ and Hensen cells (HC: at anterior 1 1
of first turn. VL : vestibular lip, No at-
rophy in spiral ganglion. Rat treated with
netilmicin at 30 mg kg for 3 weeks. - 120

R T 7 ¢~ A BRI 0547 e 2 b0
2o FDWKEDYAS D (£, Netilmicin o) 1 Tl
R OWA 1 MED Fhgifn o 1y £C (Fig.10) T3,
D, GM B 3BT, 10 FRiC BRELZ:LD
MN2H, XHITHRIOWYE 1 [EED Fuiisn 1y T
(Fig. 12: DL DR LATH - 12 5L 7
Y ENTRT IR ABILEE & LI N - oe BiEE

SRZOULTIE, Netilmicin #7108, 2@ 9P LR,
BRI HERE & B BAS RE KT 5 2B et O G E Mt o
RS BEET: AAB 728 Bit: (Fig 11y, GM BT
L5 I RBIVOIPFEREE & ) BRIESBE SO S I A
B TEVE D H BRI O MK ASREE 713 2 - s 4,
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Fig.8 Scattered missing of hair cells arrows
associated with loss of otoconia in macula
utriculi. HC: remaining hair cells, OC:
remainig grotesque otoconia, UM : membran
of utricle. Rat treated with netilmicin at
30 mg kg for 3 weeks. <300

Fig.9 Scattered missing of hair cells arrow)
associated with loss of otoconia in macula
sacculi. HC: remaining hair cells, OC: re-
maining granular otoconia, SM : membrane
of saccule. > 300

7z (Fig 13 , ZA L DEEMBEO BRI Y i
LoanEA (BHE) D@k L 70, Wit
L AR B U SIS 2 P A BRI 750 P s 72

120 mg/kg #5712, Netilmicin Jf (Table 5) |-
BATUT 9B 1 AID 20, R RIOMAE 1 [AE R
BRI L 7 T B ER) - T 2 bbb 22l E b
72745 GM gt Table 6, Fig. 14~17 <72 5B L& 2204
fdi AR TH » 22 VRIZR S, 2PN TR O
Wepsdn b 8570 ZOMROEEZ 012, W4 1 @8 T
IR L7240 (Fig. 14) 2381, 2[A#E 'y 3T
(Fig. 15 1[mlfs 3¢ 7 (Fig.16 . 1[as 1, =C
(Fig. 17 R L 2L o= Zi 1, 24, 3@C
o T2e DIAMEFuG PR L 22 8 e 4122 3 Bk
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Table 3 Effect of Netilmicin ‘90 mg kg, 3weeks) on pinna reflex and inner ear
. Cochlea ‘ Vestibulu;-i
Rat No Pinna reflex loss L
Frequency range OHC loss  IHC loss  SG loss ~ MC loss HC loss
S _ |
Ex. 1 0 0 0 0 0 + U,S)
Ex. 2 0 0 0 0 0 + 1.8, Ly
Ex. 3 0 0 0 0 0 + U,S,L,P)
Ex. 4 0 0 0 0 0 + «U,S,L,P)
Ex. 5 & * * | * x *
Ex. 6 0 0 0 j 0 0 + U,S.A,L,P)
Ex. 7 , 0 0 0 ; 0 0 + (U,S,AL,P)
Ex. 8 0 0 0 ‘ 0 0 + (U,S,A,L)
Ex. 9 0 0 0 0 0 + (U,S)
Ex. 10 0 BE-1A: Un: 0 0 0 + (U,S)
*: died o o '

BE-1A(Un) : hair cell missing from basal end to anterior 14 of first turn (unilaterally)

Table 4 Effect of Gentamicin 190 mg kg, 3weeks) on pinna reflex and inner ear

Cochlea

Vestibulum

Rat No IP;irr‘lena reflex loss o - '
| quency range OHC loss IHC loss | SG loss | MC loss | HC loss
Ex. 1 0 0 o0 o+
Ex. 2 ¥ * * * i *
Ex. 3 0 0 0 0 0 | + U
Ex. 4 0 0 0 0 0 |+ W
Ex. 5 0 BE 0 \ 0 0 + (U
Ex. 6 0 BE 0 | 0 i 0 + 5
Ex. 7 0 0 0 0 | 0 [ + U
Ex. 8 0 BE-1A Un 0 o 0 |+ USL
Ex. 9 0 0 0 0 \ 0 |+ (U,S,L)
Ex. 10 0 0 0 0 0 ‘ i (U)

BE : hair cell missing at basal end of first turn

Fig. 10 Missing of outer hair cells (arrow) of spi-
ral organ at anterior 14 of first turn.
Inner hair cell IHC: was present. No.
remarkable change in stria vascularis 1SV .
and spiral ganglion "‘SG Rat treated with
netilmicin at 90 mg kg for 3 weeks. %120

10 e A

Fig.11 Scattered missing of hair cells (arrows)
associated with loss of otoconia in macula
sacculi. HC: remaining hair cells, OC:
remaining granular otoconia. Rat treated
with netilmicin at 90 mg kg for 3 weeks.
= 300




VOL. 29 S-3

Fig.12 Missing of outer hair cells tarrow of spi-
ral organ at anterior 1 4 of first turn.
Inner hair cells (IHC: were present. Both
stria vascularis and spiral ganglion did not
show remarkable change. Rat treated with
GM at 90 mg kg for 3 weeks.

x 120
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2N HRIED R TH - 720 ZHVLLSMIIE 7 o B
123U AIREBIBTEE L LITABL I, Drs 12, T4
FEMROBEEDOEMRIS LTFOWN ) L 13BFE L, B
NEGHERRDER Th- 720 BIFEZRIZDONTIZ, Ne-
tilmicin B -Ci2 23 2RO HRE, ERIERER, “FEHE
RERIRREIZ, GM Ff-Titid v MO IR REEE, IR
LIRS E I, BTEMBORE ) ik i
BHIZ EHbh, e oRIED U (BE) Dkx
Lo TUntze BIEEMRREIZISBIG 2570905 14 LBt
AT B 12,

2) ®wvEy PEHEEARTONTIR

Netilmicin 50 mg/kg 4 [N 5 8 (Table 7, Fig.
18~23) Tix, 7 ¢ > H/OAFEMECNEEMRBDHE
Hlrae L L7t 2y (Fig 18, 19, 104+ 1 4

49

Fig.13 Scattered missing of hair cells
associated with loss of otoconia in macula
utriculi. HC: remaining hair cells, A few
number of bizarre otoconia.
with GM at 90 mg kg for 3 weeks.

SATTOW

Rat treated
» 300

O LAl ) TIONR L ORI PE D 7 ¢ > whf B A
RO—REBE I AR~ T DA Zedhbi (Fig. 20,
2D, ZLIZZOE Tl AFREIIFEL T D 4 Bl
AREIROME T -0 Tize ZD1HLSMIIZS €
YBIIREG LN s 7. BIEEBT OV, 12
130 IPFERERE - ERIERERE I BEMMB O BEDHE
DT B eh bR, Fie HORVELDHA (FEE) #Ek
# EL7s Tz (Fig 22, 23, i miigEmnZ2Hs
ITSIREG T B 5 72,

Netilmicin 100 mg kg 4 #[5# 5 i (Table 8, Fig.
24~27) TIR106 1 RN, HEIOKEY 1 [nlEE Ttz
Mg L7 s TR R4 k7. AL biy (Fig.
24, b 1HNT R AIO MG 4 [0 5 v o pREFETH
B —IRAEE G b h 5720 ZD 2RILIAMTIZ

Table 5 Effect Netilmicin 120 mg kg, 3weeks. on pinna reflex and inner ear

Cochlea Vestibulum

Rat No. If;irréna reflex loss o - ) R

quency Tange OHC loss IHC loss SG loss MC loss HC loss
Ex. 1 0 0 0 0 0 + U,S,A L P
Ex. 2 0 BE Un: 0 0 0 +U,S,A,L, P
Ex. 3 0 0 0 0 0 + +U.S,A,L,P)
Ex. 4 * 3 * % *
Ex. 5 0 0 0 0 0 il S, A L P
Ex. 6 0 ‘ 0 0 0 0 + US,ALP:
Ex. 7 0 | 0 0 0 0 + 8. P
Ex. 8 0 0 | 0 0 0 £ USAGLPY
Ex. 9 0 0 \ 0 0 0 F (U,S,A,LP)
Ex. 10 0 0 ‘ 0 0 0 + (U,S,A,L,P)

BE(Un) : hair cell missing at basal end of first turn :unilaterally
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v BOWGERII IS o 12 (Fig. 25, B #C
DNTUL, BROINEMRE, ERIEREE L — Mo A
KEB HIED B EMBOMIEIE W b, B
a1 (BHE) DKk L L75 T (Fig.26, 271, i
R B S s A AR 2 AL 70 s 720
Netilmicin 150 mg/kg 2 #[5§r y-k¢ (Table 9)
3, 720N (7 CHIR, N EMRE. 7 v gk
LI kAR sk L DT 120, I
D3~ AR T A D R I B e
72o BT TOULTE, BRI, BRI RE,
BERE KT Z®IED (7 TRl FOEME 0 - B O

NOV. 1981

CD) DWERD T - 0H0 007 TR (2B D Ha 705
B LT s 12,
3 = Ey bZ 1T Furosemide {if ) H #ittad
ST HONHT R
T OB RESE R BRI N2 C, NHOA TG EM
Kl Z2501 5 = ov ¥ — fREBHZ DUV TOMBR L2 MR %
EhL 72
HAESO HT -7z £ 9512, Netilmicin » Fu-
rosemide ) {f 0% Z3 ISKE 7S W)Y Bkl T LA
W BT AR B X s DRI
#ITD 7w EMIING Nitro-BT HAK EITR

Table 6 Effect of Gentamicin 120 mg kg, 3weeks) on pinna reflex and inner ear

. Cochlea Vestibulum
Rat No. Pinna reflex loss o ) st s

Frequency range . OHC loss IHC loss SG loss MC loss HC loss
Ex. 1 0 BECUR, 0 0 o | +.Us
Ex. 2 0 *k *ok *k ok *k
Ex. 3 ‘ 0 BE Un: 0 0 0 CuL s
Ex. 4 | 0 BE-1A 0 0 0 U, s
Ex. 5 i 0 BE-1A 0 0 \ 0 ! (U, P
Ex. 6 0 BE 0 o0 'S
Ex. 7 | 0 'BE-1P ; 0 0 ‘ 0 | BRAURY
Ex. 8 0 'BE-1A | 0 0 ! 0 ‘ (U,S, Ly
Ex. 9 0 BE-1P 0 \ 0 1 0 ‘ U, Sy
Ex.10 0 0 0 | 0 ‘ U, S

BE-2AiUn,

BE-1P : hair cell missing from basal end to posterior 34 of first turn

BE-2A: hair cell missing from basal end to anterior 1 4 of second turn

**: postmortum

Fig.14 Complete missing of outer hair cells ras-
teroids, of spiral organ near the basal end
BE: of first turn. Deiter cells and inner
hair cells :IHC  were present. IST: in-

ternal spiral tunnel, VL : vestibular limbus.
Rat treated with GM at 120 mg kg for 3
weeks. <120

Fig.15 Incomplete missing of outer hair cells in
spiral organ at anterior 1 4 of second tnrn.
OHC : pyknotic nucleus of remaining outer
hair cell in outermost raw. Inner hair cell
'IHC) was present. Rat treated with GM
at 120 mg kg for 3 weeks. - 300
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Fig.16 Complete missing of outer hair cells rar
row: of spiral organ at posterior 3 4 of
first turn. Inner hair cells (IHC. were
present. Neither stria vascularis (SV
nor spiral ganglion (SG, were affected.

Rat treated with GM at 120 mg kg for 3
weeks.

%120
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Fig. 17 Complete missing of outer hair cells -ar
of spiral organ at anterior 1 4 of
first turn. Inner hair cell ' IHC. was pre-
sent. Both stria vascularis and spiral gan-
glion did not show remarkable change.
Rat treated with GM at 120 mg/kg for 3
weeks. ¥ 120

row

Table 7 Effedt of Netilmicin 50 mg kg, 4weeks on pinna reflex and inner ear

Guinea pig Pinna reflex loss o - Cochles - Viestibulum

. Frequency renge  OHC Joss | IHC loss =~ SG loss | MC loss HC loss

Ex. 1 0 R Y o | . B8

I 1

Ex. 2 0 | 0 ‘ 0 ] 0 0 | + :U,S

Ex. 3 0 0 | 0 0 0 + U, S

Ex. 4 0 0 ; 0 0 0 -ULS

Ex. 5 0 0 0 0 0 - S.L

Ex. 6 0 0 ‘ 0 0 0 + LU,S

Ex. 7 0 0 0 Ap 4T ‘ .S

Ex. 8 0 0 0 0 ‘ 0 + U, 8

Ex. 9 0 0 0 0 0 S

Ex. 10 0 ; 0 0 0 0 } U,s

Ap: apical turn, 4T: fourth turn
ISEHTH LA v =4 > DERFEEER, SIRNIZNEGE 2 EROIR PR AT R X 0 el #’*ﬁfﬂ'?"% L, HARGY
HERE L 0 LAAVEEMBEO T e <, A 1 s ! I+ Netilmicin, GM FEEL LIZ U DL ZEn

BN 12 DN TS S =ik
AR RO TE k7, 72 h Dk,
BREEAKDA MBI E T LA T 228, -
DS I 1 MG 4 Tre < 3AMEIZ £ Tds L A
<\ 7> (Fig.28, 29, 30, 31,

MNETARR T
H'ﬂ\’/\q M'i”&-'

£ 23
1. 79 hZ #8174 Netilmicin &
Jei
HETE AL ST DB DT, AN S o v

GM o H it

-

Ch Bl {, 72 MlEs LT 30 mg kg #Q 5-C
(17 € X BT LIS W h 775 72, 90 mg/kg LU
EOFRETH 7 £ o BONEEMBOATRD 7S 7 L8

LA ORI & HRIGHE RS 0 A ke
Netilmicin [ 7lt 90, 120 mg kg #5 - - 412
% 0D FEBIRINE -, “Kvlmliﬁi 90 mg kg #¥Y5T HHl

J)ﬂ’fn}tf—llrﬂﬁhﬂ) R 'y 770, 120 mg kg &5
TLNHLD 1A F&.‘f‘n"’.;mhut C3sh, FinHi
WERA LS L s 72O LT, GM BE-7 2 90, 120
mg kg #9040 40300 1007 2B, 120 mg kg



Fig.18 Normal spiral organ with inner hair cell
(IHC) and outer hair cell {OHC, at near
the basal end of first turn. Guinea pig
treated with netiimlcin at 50 mg kg for 4
weeks. 130

SR

Fig.19 Midmodiolar section of normal cochlea.
CN: cochlear nerve, RM: round window
membrane, HL: lower part of hook, HU:
upper part of hook, 1P: posterior 34 of
first turn, 2A and 2P: anterior 14 and
posterior 34 of second turn, 3A and 3P:
anterior 174 and posterior 3.4 of third
turn, 4A and 4P : anterior 1 4 and posterior
374 of fo fourth turn. Guinea pig treated
with netilmicin at 50 mg kg for 4 weeks.

x 21

BETIE HEBEAL 20 X $TIZILE LDONs
0, L) ICRARMAENORERS A E DL, BTN
RITT HREEORIET, GM X 0 4, Netilmicin O J5
DRALNIRETHH L Z Do

I} 79 MIZBITLEMN OB RE 7 € > BAEE
A3 L UVIATEHNRO B = DBz DOWTIt 3T
LD )5 ) ThH A, AN TR M4

=]
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Fig.20 Atrophy of spiral ganglion (asteroid) in
apical region of modiolus of right cochlea
with normal spiral organ. AP: apical turn,
4A and 4P: anterior 1/4 and posterior 3 4
of fourth turn, SG: remaining spiral gan-
glion cells Guinea pig treated with net-
ilmicin at 50 mg kg for 4 weeks. x100

Fig.21 Atrophy of spiral ganglion (asteroid) in
apical region of modiolus of left cochlea.
AP: apical turn, 4A and 4P: anterior 1/4
and posterior 34 of fourth turn. 3P:
posterior 3,4 of third turn. Guinea pig
treated with netilmicin at 50 mg/kg for
weeks. x 100

571\4 Lo Ty

BTEHNBO WSR2 7272 GM 120 mg/kg #5817 30
WT, BEMRIKIEDOEH B TAALIW T Y, wg
DIHBIZ DN TAKRORAVUETHHEH 2 5,
RS ROV TS, SR L .7 F s o
e Lbh ERIBEINISh - 700 EilEE L4
IZ LB B DR FE DRI & BH O 8591
KpZebdbite THL OREEGIIINEH, Rz
PECIARNT, FERE R ATEH Cis Netilmicin
DEPERRE GM BO—IIZ L L hbhn, =0 R
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Fig. 22 Scattered missing of hair cells tarrow) in
macula utriculi (U) and crista ampullaris
of lateral semicircular canal (L:. Guinea

pig treated with netilmicin at 50 mg/kg
for 4 weeks.

x b2
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Fig.23 Scattered missing of hair cells (arrows)
associated with occasional loss of suppor-
ting cells in macula sacculi. Guinea pig
treated with netilmicin at 50 mg/kg for 4
weeks. 130

Table 8 Effect of Netilmicin (100 mg kg,

4weeks) on pinna reflex and inner ear

; . . Cochlea Vestibulum
Guinea pig Pinna reflex loss o -
No. i Frequency range + OHC loss IHC loss SG loss MC loss HC loss
Ex. 1 0 o0 ‘ o | 0 | +iUSL
Ex. 2 0 0 | 0 ‘ 0 ‘ 0 + (U,S)
Ex. 3 0 0 | 0 ! 4T ‘ 0 + (S,
Ex. 4 0 0 : 0 | 0 w 0 + :U,S)
Ex. 5 0 0 0 ? 0 | 0 + (U,S
Ex. 6 0 0 o0 0 + U8
Ex. 7 0 BE 0 0 0 + (U,S,L)
Ex. 8 0 0 0 0 0 + (U,S)
Ex. 9 0 0 0 0 0 + U,S,L)
Ex. 10 0 0 0 0 0 + U,S,L)
FThLBET, FARMAEBEEOMR L 0, R 120 mg/kg ¥ TR 72858, INE CIRIMBRIZAE

FBIZEL I3 A b N - 12,

Pk, 79 MIZHTDHBEE, AR LT
MBI & DI 3s X O B AN S AE O 2 BhFa i 2 B <
E, BITERRDEv® Y MISITHRE HEME {—
&L T,

2. 7o MIRULE#HEEEEEOBR

FEPFTEHIT L5 HO HREE AN RE/TELY,
Netilmicin & GM OH M LB IO BB A 70 0 B
MIZTHZENTE S,

30 mg/kg #5OHBE, NEFRR TS L1257 ¢
Y EMTISVEEMBO MK & DRIEGIZ L O Do
P2t BETRIZIS W TLME L LT, T RME LR
BRLHMEH L EOBERIIL LN D572, 51T

THRERDEEBE ST D ICHL R ERLED S
P EFHISOTL IR LR OFEERE, Netil-
micin TR SEEA 20 TRIE Th- 12
DT T, GM BT RiED BE T DRIz
LT 7. 2 O L, Netilmicin (3 H M,
FBEEE LT GM X0 LB IFTNIENBHLNTH
0, BIZRSEORMC L 2HEHN, BHELORBRNG
Brbkns, RERDT 2/ BB ARIALEWMEIER TP 20
TENEMOEME £E2 BN,

7B OFREITR T, W) R I A B LS
FHEOFRRF NI ONT L T A5FEThH- 725 2
s P TERBEGATRRARER T I IIWTL, Bk
L TOENEHMABRIZTRE 2RI Mo 22725, A0



Fig. 24 Incomplete missing of outer hair cells (ar-
row) of spiral organ at the basal end of
first turn. Inner hair cells . IHC were
present. Guinea pig treated with netil-
micin at 100 mg kg for 4 weeks. =130
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Fig.26 Scattered missing of hair cells (arrow) and
supporting cells (asteroids) of crista am-
pullaris of lateral semicircular canal. Gu-

inea pig treated with netilmicin at 100
mg/kg for 4 weeks.

~ 300

Fig.25 Normal spiral organ of the cochlea, ex-
cepting the basal end of the first turn.
1A and 1P: anterior 1 4 and posterior 3 4
of first turn, 2A and 2P: anterior 1 4 and
posterior 3 4 of second turn, 3A and 3P:
anterior 1 4 and posterior 3 4 of third
turn, 4A and 4P: anterior 1 4 and poste-
rior 3-4 of fourth turn, AP: apiral turn.
Guinea pig treated with netilmicin at 100
mg/kg for 4 weeks. x21

Fig. 27 Scattered missing of hair cells (arrows)
associated with loss of otoconia in macula
utriculi. Guinea pig treated with netilmiicn
at 100 mg/kg for 4 weeks. OC: remaining
granular otoconia. x52

27

ogs#”
//‘Ls»

A ,( 2
~ 2%

Table 9 Effect of Netilmicin (150 mg/kg, 2weeks) on pinna reflex and inner ear

Guinea pig Pinna reflex loss
No. } Frequency range OHC loss '
Ex. 1 0 0
Ex. 2 0 0
Ex.. 3 0 0
Ex. 4 0 0

Other 6 guinea pigs died
3,4T : third and fourth turn

Cochlea Vestibulum
[HC loss SG loss MC loss HC loss
0 0 4T + (U,S,L, P
0 0 3,4T + (U,8,A,L,P)
0 0 3,4T + U,S,A,L,P)
0 0 3,4T |

+ (U,S,A L, P
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Fig. 28 Moderate decrease in formazan deposition
of outer hair cells (OHC; and slight de-
crease of inner hair cells (IHC, in spiral
organ at anterior 1/4 of first turn of
cochlea. Surface specimen. Guinea pig tr-
eated with previously with netilmicin (100
mg kg and 2 hours later followed by in-
traveous injection of furosemide (100 mg

kg Three weeks later. 200

28

&.4~'*vva.g ¥ %
Ady ':‘ Y i
eaddig'e L

Fig. 29 Moderate decrease in formazan deposition
and scattered missing (asteroids) of outer
hair cells (OHC) and slight decrease in
formazan of inner hair cells (IHC in spiral
organ at 24 of first turn in the same co-
chlea as in Fig.28. %200

29

KSRt b B MA D Z M T

3. TaEy MIBITAHAEBENE
BESE IR AR OWT, BRI L A7 ¢
> ED BFMAERER TR L0 R a s HABH
Netilmicin 50, 100 mg/kg 4 #[¥ # 7. 150 mg kg
2HEMBEDONT ORI CTLIERTH Y, MED
L 2HHThichotz, 72> BEEMBTIL. N
BEMREIZ OV THREGRIZS AT, SAEEMRIZO

e Sy
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Fig.30 Slight decrease in formazan and scattered
missing of outer hair cells, and scattered
decrease in formazan of inner hair cells
in spiral organ at anterior 1/4 of second
turn in the same cochlea as in Fig.28.
x 200

30

(74 ??iﬁ ‘W&i“ﬂ“ﬁﬁ‘ Uﬁ“ﬂ‘

Fig.31 Rather extensive missing of outer hair
cells -especially in innermost raw) and
scatted loss of inner hair cells of the same
cochlea as in Fig.28. x200

31

LD YT Mi’ﬁhmﬁmmnn

W&; s %

WL 100 mg kg FUREO 1R (10%) 121 [\l Fig

HIZRB U 72 AN - dh 2l T & hvn 726 150
mg kg LR BUERD 2075 12D L5 R
D' s tztzbl b 52 3 5h%,  Netilmicin DB
TR ABEDREIIERIZES <, BRI
sk 2 bHodThied- 12,

7t > RO AL T 7 v o pREEETA Y I 4
CIW#&»M!mL)@ DB - 120y, T L RE
THEHIBEMI3IBHRE Tz 7sh i 12 7 € > BRETHIRE D
REEMTIE, 207 v BROBEMBPRLZH WG H
HE 7 2 D K RRAE T3 RTE AT af1UG
P2PZRIZED, 7 e WA —RAREE - B
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Db, DX EMENHREMNBRRIZ OV TUISHENR
HONEELBbh b,

v Ey FOBEBRCYTIBENEEY, £Xb
hhhMWERL CX a7 2 7 BEERIAWEDRK
e, BEARSRRIS LU 7 v~ BAFEMBORES
BEHTRICOWTHET AL UTNEY THY, Ne-
tilmicin DOBHEBRIZNT AFENFEBIZHZ L1E
RTx2,

GM 12-18 iF, MRBEL L AV LhREBNE
BRI IIT—E L H@EZ KL T, 100 mg/kg
4 BEBE COENMNRETEEDOFEBEE T 90~100 %,
05 bIABE L FE RIS BN EROFER
RiZ75~80% T, 7 > BIVEEMPBHEEDFETFE
90~100 %, Z/M5H 1EETHEHELL 2 EEELL ks
L SR SVEEMBERD FBEEIL 70~75 % Th-
720 BARSTE 7 € > BAFEMBOR RS LBEMH L
—BLTWAZENbN D,

iz Dibekacin (DKB)12, TOB!®, AMK1#,
KW-10621%, SISO1® ., #%jnx T Ak HELETHEL
ThbE, 100 mg/kg 48 45 Tk, GM, SISO,
TOB, 3ENMGHHER, AFEMBEAOEREENE
171313 100%, DKB (DKB M4 3 @E#5) 12 HEAMN
44 50 %, A EERARTS%, AMK, KW-1062 i3
ENMRGIE 0 %, ABEMBEKNS0 %, Netilmicin i3
ENR4HRE 0 %, AFEMBEL0% Thd. GM, SISO,
TOB » 7' v~ 7TCid, BEARSDHELIZ 20,000 Hz £f
EBRBT 50D, SLIKHBED 500 Hz %
T2, SABEMBOBER T 1 [EEE FmEAaHI
BETHHL0DEP%L, ThUEN3~4@iEE T L
ATV, INBET BRI 2 BN RS LN
BRiZ GM 75~80%, SISO 50%, TOB 20% T, 2
B EIC3 I SAEEMBHEED BEEIZ GM 70~75
%, SISO 50%, TOB 22%THhbh, SHEWTHRE
N Rt GM>SISO>TOB &£z Lh A7, =XIED
EIN L RRERE AR (GM 120 mg/day, SISO
150 mg/day, TOB 180 mg/day) #%E3 5L, Zh
b DIEKD BRBRITNT 5 BEIS 1ITRABEL £2
bhbe, KIZEED 3R DKB T, BEMRSHER
20,000~15,000 Hz DEEZFRTH D, AEEMPBOMEE
13 1 EBED T b Y OWE Th - 72 AMK, KW-
1062 (oW Tid, 100 mg/kg #5 Cid 1 EE T
B L7z AAEERBLD BEDLD Hbhtzds, 40~50
mg/kg WETCH HE, AMK (3 40 mg/kg 4 EREH
S CEMNRGHIER Th- 720, AEEMKO KL 63
Bz, KW-1062 (3 50 mg/kg 4 @M K5 TH
NESHIIER, SEEMBROBERIII0% Tho12. B

R H5EL~ Netilmicin ) 50 mg/kg 4 BRER LTI,
BN, AEEMEE LITEER ZLNT, 6T
150 mg/kg 2 @RS TH BARE, FAEMAICHE
EZRuabh T, AL ENT AL, BRERICY
TAHREENRIIZ, SEUEHTiIZ GM>SISO>TOB>
DKB>AMK>KW 1062> Netilmicin MDJEIZ7E 50
SEIZHEAN L7z Netilmicin DEHEHIZDOWTHERE
DRENDS B, =rvey FOBRBRICNTIBEELR
AU EMEL TAHDE, SRIDHNHNDERREK
BEHBER L =KL QD ZEN DL D, BrumMert
54 {3 50, 100, 150 mg/kg 4 BER FEHL, EN
R4, B4~ 4 7 ox B (CM) ORE, REMLK
BRI LI, Ay v IR EREDRIENRER Y
GM Bt & L T 478, Netilmicin B TIZBHSLHIT
FANCERRATHEBRDAIBMEILLNTELT, TD
PEEZ D5 X3 Netiilmicin 150 mg/kg<<GM 50 mg/kg
ELTw%, XLITMmA, HY v SRFBREDERY ZD
BHD 1 2L L THITTIsH, B4 150 mg/kg 48
R 514 DFE M hye i3 Netilmicin ¢ 98 xg/m],
GM C 402 pg/ml, sl v > < g WA Netil-
micin C12.5 #g/ml, GM T 32.7 pg/ml T 1, Ne-
tilmicin 150 mg/kg 5 THFHHN v > < REERT,
GM 50 mg/kg #E T 5.5 #g/ml & GM 100 mg/
kg BETD 17.1 pg/ml LEDMThH-7ee L T5B,
FeperspiL® |3 Netilmicin 100~300 mg/kg 28~40
A (1H2284) RTEHL, BAREE 7 > BH
BEMBEORER R, L, KFOBEBRICKTAHEE
RIERIZFF<, GM @ Y LT, AMK 0 35 LIFEH
&L, Wersite 59 4 50~100 mg/kg 18~30HR] (1
H24%) #45%L, GM, AMK } fi#gl ¢ Netilmicin
DEEDOBENTBNZ L& MEL T D, F7z Arein
5™ 3 Netilmicin 67~150 mg/kg 21 H B FESIL,
BENMRYY, BRABZOREIZLD GM, SISO & Wi
LTWaAH, BN K& Tid Netilmicin (3 150 mg/kg
BETHLREBELONT, GM, SISO i3 44 mg/kg #
LTI EBIILL N 7208, 67 mg/kg THAFH
14%, 54%, 100 mg/kg RE T3 & HIT 82%ITfEEN
REL, BREBEEMRETL Netilmicin DEFHBR
x4 AEEH GM, SISO L0 LI ANITHFE T &%
WEL TV,
ZhLDBERBTIIL2 - T, ERNDbhbhNE
BREk#EE L 0 FEMICMETL T A BE, Netilmicin 100
mg/kg 4 @AM RE TO ENARSTBEORBIEEN 0%
T, 7t B EEMBBERORBEEINI% ThHHD
LT, GM1® L DT, GM 25 mg/kg 438
M5 COEMNRETR20%, SN EEMRESS% CTh s
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&, %7 AMK1® T3, AMK 40 mg/kg 4
BEHS COENMNRGIR 0 %, SMEEMRIF63% TH 5
Z L kb, Netilmicin ¢ BRERIC NT HREDRS
it GM » Y LT, AMK 0 15 UTFE W3 ZemT
&%

BTSRRI T ABEIZOWTS, BS 270 e
BE L BbhAERIIBEI N - 1203, REBERE
MFr R TR AT S EMBOBRE DBFEEHES
Kredbhiz, BEMPBOMEEIZ 50, 100 mg/kg 48
BH 5 CII IR, REER S JU—BOYERERK
TWET, 150 mg/kg 2 BT TIIINERER, HREHE
B, ¥HRERARBROVTIIZbAEDDNIL, £D
BEIEE CH ) BRMEBEENMRIZHOD THih»
72

FHBREREIC OV T ErEy F LD LREVEMN
FRAVEREESBREINTI Y, Muorer LD 3%
2z Netilmicin, GM # 40 mg/kg ##5-L, Netil-
micin B T3 FHMERENRRT 2 FTITR2ALLEDL
BN HLT, GM BT REMBEN2EBT
BENRBELI2LBEL T b, F72 loarasnr 58 (3
y 24 4 Netilmicin 50~100 mg/kg, GM 25~75
mg/kg #21HM K5 L, Netilmicin B Tid 100 mg/
kg BETRENALEDLNOITHL T, GM BT
25 mg/kg ®E5T T TITHRES BRLIL MEL TV
Bo

ENVEY FRTy FEAVRABRIOERRBEE, S,
RIEESRRITN T HREIT OV THER A & SR BN
REOBEEM» D A7 FF-lE T2 Wbl
2, ERD 23R 44 THO RBRBEELD BETLH L,
Netilmicin 3 1> 7 = / KRR AEYME & RE DR
BERRIINTAMEERLZETHL00, TOREIT
WbDEELLN A,

4. Netilmicin & v — ZFR A6t B BEHEMH:

Netilmicin ¢ Furosemide B BB AICKT
HEER, TAZTNOBEM 1ARS TRABR LN L
L0, MADRIIC L AHEEFERLERLRIZERLT
WAHLNDEEZILND,

Furosemide MDIEFIEA L L TiL, RO IZHE
4% Na+*, K*, ATPase MHEEHLIT-19, HIMRE
¥R glyceroaldehyde-3-phosphate [k #EE 3% D
PEHEMER2Y, BAEERIZIITSH ATP D2 EALR
fLTHAHF b7 o—nbhb c KBTTHBEBTHY »
BRACOIEZEER2L22, I EABHALMIIN TS,

F7:RECHT 5 fiES Nitro-BT #4 KBTS
&Y, MR zxr ¥ —RBREEE L THELSLH
b b, RED FEMAIT AR WEREX T,

Nitro-BT # LA STz e Y Ah, EEMR
WO Nitro-BT BIRLUSIZ L 0 v =¥ HER S H
Bo ZDA N L DFEEPEER, BkDm 23729,
BEMPAND =20 ¥ — REEEEL RTLDE EXD
h, =¥ —RBEEENHET S H L BRI, BE
BB S BEANDREERE L THALN DL
ibhb,

Furosemide Mfh# 5. DB 2RI HREEIZE
THRELS TR, KA 5 BEMREO
MEIZ LD 78 - To 7 v BIEFEMAIC Nitro-BT
BITHENER KT Lbh, 7z Nitro-BT &t
DETFHHLNI AT > T, MRAOEH RS
Kb T Wb, Z0DX 57 Msko bz, Furose-
mide (2% A EFERD ATPase DHED, BN
~vv =7 EBI, REDOAFEMBILL B
0, Z0 R Nat x> 70 BE Ihic AEEMRA
i, MRS RICERETHavF Y v ABRALTRE
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EXPERIMENTAL STUDY ON OTOTOXICITY OF
NETILMICIN IN RATS AND GUINEA PIGS

MASATOYO AKIYOSHI, SABURO YANO, *
HozuMi NAKADA, HIROSHI OIKAWA,
TETSUJI NARA and TAKAYOSHI IMAZAWA
Department of Pathology, School of Dental Medicine,
Tsurumi University
*Qtorhinolaryngological Clinic,

Tokyo Municipal Okubo Hospital

Three series of experiments were performed to evaluate the ototoxicity of netilmicin in 80 rats (Sprague-
Dawley) and 33 guinea pigs (Hartley). In order to evaluate the auditory impairment in the animals the
pinna reflex test was carried out in a wide frequency range from 20 KHz to 500 Hz before, during and
after the administration of netilmicin and gentamicin. Upon completion of the drug administrations histopa-
thological investigations were made on the serial celloidin sections in horizontal direction of the inner ears
in the rats and guinea pigs. In addition, supravital reduction reaction with nitrs blue tetrazolium (Nitro-BT)
was conducted on the inner ears which were removed immediately after guinea pig decapitation. This was
done to evaluate the reduction potency in the electron transport system in the surviving hair cells of the
cochlea.

Series 1. a) Comparative evaluation of ototoxicity of netilmicin and gentamicin in rats

Netilmicin andgentamicin were given intramuscularly at various doses of 30, 90 and 120 mg/kg, respecti-
vely for 3 weeks. Pinna reflex loss was not detected in animals of either group. Histopathologically, at
30 mg/kg there were no animals missing the aminoglycoside sensitive outer hair cells of the spiral or-

gan. However, at 90 mg/kg the loss of the outer hair cells occurred in 11% of netilmicin treated animals
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and in 30% of gentamicin treated ones. At 120 mg/kg the loss of the outer hair cells was seen in 11% of
the netilmicin animals and in 1009 of the gentamicin ones. The loss of these outer hair cells was relatively
localized in the lower part of the basal turn of the cochlea in the netilmicin animals, but more extensive in
the gentamicin treated animals. On the other hand, scattered loss of the hair cells in the vestibular organs
including the cristae ampullares of the semicircular canals and the utricular as well as saccular maculae was
found in the animals of both groups. There was no remarkable difference in vestibular toxicity between
the netilmicin and gentamicin rats.

b) Ototoxicity and nephrotoxicity

According to the comparative nephrotoxicity study of netilmicin and gentamicin in the rats performed by
the coworkers, Prof. Yasushi Ueda and Dr. Atsushi Saito (Department of Internal Medicine, The Jikei
University School of Medicine, Tokyo), the gentamicin treated rats showed a dose dependent alteration in
nephrotoxicity, while the netilmicin treated rats showed little alteration. Our results indicated that the
nephrotoxicity tendencies seen with netilmicin and gentamicin were also similar for ototoxicity.

Series 2. Evaluation of ototoxicity of netilmicin in guinea pigs.

Netilmicin was administered intramuscularly at doses of 50 mg/kg and 100 mg/kg, respectively for 4 weeks.
Loss of the pinna reflex did not occur in any animals of both groups. Loss of the outer hair cells in the
basal end of the cochlea was found in only one animal treated with netilmicin at 100 mg/kg. Decrease in
the number of spiral ganglion cells occurred in only the upper part over the fourth turn of the modiolus in
one animal from each group without the loss of the outer hair cells in the corresponding spiral organ. In the
vestibular organs a scattered loss of hair cells was found in all animals of both groups. The results of the
present and previous guinea pig experiments suggest that netilmicin is less ototoxic than amikacin, dibekacin
and kanamyecin.

Series 3. Combined administration with netilmicin and furosemide

A single injection of netilmicin (100 mg/kg, i.m.) was given to 3 guinea pigs and 2 hours later furose-
mide (100 mg/kg, i.v.) was administered. The pinna reflex test revealed that a transient auditory impair-
ment was induced in a wide frequency range (20 to 0.5 KHz) immediately after the furosemide
administration. The loss of the pinna reflex lasted for about 30 minites, then decreased in frequency range
and localized at 20 KHz. However, from the 2nd day after the furosemide administration the loss of the
pinna reflex again increased in the frequency range. On the 21st day, the pinna reflex again showed
remarkable repair except for the loss at 20 KHz. By supravital reduction reaction using Nitro-BT, forma-
zan, the reaction product, was less noted in the lower one fourth segment of the basal turn of the cochlea
and at the same time a loss of the outer hair cells was noted scatteringly.

The results suggest that .netilmicin possesses a property to affect energy metabolism of the hair cells si-
milar to other aminoglycoside antibiotics. It also may be able to cause some damage to the outer hair cells
in combination with furosemide at high dose.

In conclusion, netilmicin inhibited energy metabolism of the hair cells same as other aminoglycosides do,
but its hair cell membrane toxicity is milder than the other aminoglycosides, and netilmicin is one of the

less ototoxic aminoglycosides.



