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Tobramycin DR EMICONT (B—H)

B F E &
&£ B 8 ®-
NI B BB
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H B 7

—H H BH%
EF AR f1 A*

HURBERHREL RS SE 2R BT AT AR R B M
* IEEFBRBMIEH AR

Tobramycin (TOB) %, Streptomyces tenebrarius H»
SAMINAREYMEHAYMET 5 Nebramycin @
# 6 AF (Nebramycin factor 6) T# - T (STARK, et
al. 1967), LT § / EWKREBETS 3,

Nebramycin 0 BB EHIC DOV TIE, T Tic Wick &
WELLES (1967)® 0 % a COERBRM S - T, HIEBERK
EErRECTCENEHEINATH S,
factor 6 ©5 2 TOB D BB #HEH DT H,
(1971)®, BRUMMETT, et al. (1972)% 13 &
CEBENVEY PECODWTOERMTIATHT, BXK
ABRZFORBELRERBOMBEEAROMEEFRERE
itk -, TOB Mififkiicnts 2HhEL S, £
DEFEMI, AL 7/ EHKAEYETSH 3 Genta-
micin (GM) XD BN ENR|EIH TV B,

bhbhiz, 4H, 500Hz 5 20kHz s CoRE
BUEBEBEETIA—~VF A -2 — L X 3BEARHR
L, NEORBEMBZENRELICL-T, TOB og
HHoABBRSKRCEC 2HEEEL, GM & L U Ka-
namycin (KM) i k2B MEL LBET L LI,
R RBRHERARICHEY T2 TOB 2 EHMBE L
WOBBRICNTIHELERRL, SOCERBICBY S
erey b EEKREVEY FOBRICKIZYT TOB 0
EELRHLILOT, ChoofRodb5, 43TRHY
ShICINIRERE LI,

F 72, Nebramycin
Brum-

METT, el al.

RBHRIIBUVICH®

1. SO KRS TR

tAE 300~3508 D 60 PLd Hartley REHBEILE
FeRWT, HHTEMERPRED X 5 1CH B HARRNICE
Buic,

EEREROFTITH T > Tid, BRUMMETT, et al. T
&% TOB & GM OEHHHBBBROBELERBE L L
12 3725, BRUMMETT, et al. (1972)% |3, HaE L
£y PR GM D, 50, 100 3L 150 mg/kg/H % 458
MSRERE Uiz, & LT 150 mg/kg/ A S8
OB DOHEFINE L, GM Ti 100 mg/kg/HdHs 4

MEEA B 5 R RSAN WUN| W E

50mg/kg/El| 288 | 10K }
TOB |
IOOmg/kg/E!‘ 28E] . lopt ' 1 PLzEL:
on 40 mg/kg/H 288 | 100 | 1pGEEC
100mg/kg/F | 28H | 107G | 1PUFEC
lOOmg/kg/El? 28H 10PG ‘
KM 200mg/kg/E]j 28H . 5T
400mg/kg/B | 148 | G | 1@1—:t

HERBEROERIBSEERESREZA SN S L@
LTW5%, ZDTeEd»H, TOB & GM Dz
Ti3, 100 mg/kg/ A% BEHSE E Uz, /535, TOB
50, 100 mg/kg/FH i, BRAKHABRMEZAR (3~ 5mg/
kg/H) ODBRABROD 105BL020EHLYTI4DT
b B, KM ITOWTIE, FHIDEHKR SR (20 mg/kg/
H) D545, 104% 20 fSRicHY4T 358 E LTz,

ELVEy POHARAOHEICIE, HIE 500Hz 5
B 20kHz 3 CORBRBPEEL o4 — vt 2~
2 =%V, EHAT, DA 1 EE By
BROEBRIC, FREROMEHRITHT 2EARHED
HBLE R E 28I LT,

RAESH THIT, BB % Nembutal FRE: T i
EEFHRETHRL, OMPEC €y NTHD, ZDED
SUBHT/NMIBER A, Z 20V H 5 A EREAL,
REIR EfTRETILC A, ZOMICKIREE Uiz, ©
40 cm D¥EZET 37°C ITHNR LIz AEBHIN A K% H L,
BIDBICES 10D & MM 2 i S, BB
T31ch, Wirrvaack EEREZHL, ENVE o b2
EE LIz, B b OKEEE, KERHS Wirtmaack [
R THRECEBLUIIORHR LT &I, MEL, T
ORFEB % 188 & LIIRL, I 5REAUCEER 2V
RBNTT~ 4 HHBEELUI., EEH Prank and
Rycuro (1952) ORGH BRI TH K, R 43 O §.% 4]
U, WAKATAEE Bk, voq4 o a@f@e Uic, fl
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SHEIAKERT A U, ML EOER 2
4 O UHIE RIER Uz, o4 o iR, SRS XIC
AT FU) L F O RERIECL, RE2EEK
L,

2. BEMOPRIG SRR

{AH 3008 AftD Hartley RHBENLE Y D 3L
301, TOB %HAGHERHERAK I 235 3 mg/
kg/H & ZDEED 6 mg/kg/H & DFER T, Zh%
HUELE 90 B RIS Uiz,

ZFNFNOBYICOVWTIE, EREOA—UF At —2 —
BRVT, HAED EHEAT 188 BREERERD
HEIC, 500Hz %5 20kHz F CORBRBEOMETR
BT AENRNOHBREELE 2BAILI,

F1, BEEHBIT, FRUIIHET, AkEREE
U, BTEAEARICH S,

3. IR OB S =8

{5 5008 LIk Hartley Rlfe V£ » b 1 PUiCle
WE b 2PLRFEI—Y — N THB L, Vaginal smear
2EBABELT, BRAPICHT2HET 2, b0
REREPEDIHE T, ZOHZEROHE & L.
TOB 5L, S ABRBEEBD &E 25,
TOB 4 HE#HSICL H B €V E v MTHIBELHE
THLUREVLORD 50 mg/kgH &, (JITHEITHE N
RBELFRET S L Eb s 100 mg/kg/H 2 LT,
ENEy PO FERMMZVLESS 70 HE (10 :878) &
RKE LT, TOB 2NERRMOER1ER L, RER
REDER 7 BB &5 20 F0 4 BRSO, WHEEA
FBEicHABANESN LIz, i, TOB o5RIS,
IR0 HOEERHEAEE LT, 1 B4/ bh 50 mg/kg
LU 100 mg/kg OWERPHEELI,

ZNLDENEy MTONT, ERIAMA 18T
&, 4hEEENMRNOWUERTE>12. BARHFORE
13, FTRBRIZA —UF 2 —F AT, B
KRowgkiz 1 BB L 28BS, BEVEy bEHEE
WE }‘K’)L‘T‘%ﬂ%ﬂﬁﬁﬁﬁi@ﬂli%ﬁfsoTCo
a2 BEIC, Fitkevey bERELVEY P ER, T
TRBNICHFE CEGEREE L, WEEO 2w A D
BE2{TIE o1,

x B & B

1. SO XRi%E L

a. ENRETBRARE

TOB 50 mg/kg/H % 28 5 LIz 10 LD € VE
9 hD3HT, 2Pz 20kHz DENMRHFHHEE X1
U, fla> 1 PGz 20kHz 5 15kHz Tk REMARH
D4R R LIz (Table 1), BHD 7LD 5 5 2 PLid,
FEAIBAARTY B 20kHz OBEARAHEEBRL, HiK
TER BT b BEARHEMEEIZIEKRZ RUTWIE» -
2o UTzhioT, 50 mg/kg OHREFHTOHEMNRHHE
1310 PUr 3 T (30 %) T, ZDEEEE 20kHz & 15
kHz Th -1z,

TOB 100 mg/kg/H %28 F f#¥5 LIz 10 LD € VE
v FD3 BT, 1 LIRHTHEE LIz, 28 AE X TEF
L1z 9 B EA 44 (Table 2) i3, 20 kHz iR
Utz b D 1P5, 20kHz >3 15kHz O § D 1 PG, 20 kHz
5 12kHz $TO D 1P, 20kHz 5 10kHz ¥
TOD2PL, 20kHz 55 6kHz FTO b D1,
20 kHz > 5 4kHz $TD D 1PL, 20kHz 35 1 kHz
FTOHOD 1L, 20kHz 25 05kHz $TOHD 1L
Thotie T2bH, 10kHz Y EOBABREROEN
REse e Xtz Ltz b DI, 9L 6 PLTH - T, 6kHz

Table 1  Frequency range of pinna reflex loss in 10 guinea pigs received TOB 50 mg/kg for 28 days
Animal - Fféiﬁency (kHz) of pure tone used in pinna reflex test
No. |20kHz| 15 | 12 | 10 8 | 6 4 3 2 1 | os
1 -
2 -
3
4
S
6
7
8 —
9
10
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Table 2 Frequency range of pinna reflex loss in 9 guinea pigs received TOB 100 mg/kg for 28 days

Animal o Fr‘eq_ﬁency (kHzS ;frbure tone used ihmpinna reflex test

No. |20kHz| 15 12 10 8 6 4 | 3 2 1 |05
1 - -
2 \ -
? ]
4 - i
5 —
6 -

M7
8
9 - -

10 -
UTOEBESRCK X JLE2ENRENERZ XL v 55, 1 L3EHAMERE 1ERIFEC LY, 7T

fzddid, 4PLTH-12,

7233, BRI OVWTIX, BENRNUERTHE
BRI BELIZY, WIThoRERIIBWTY, BES
Bbe 2 ERIIAMSTD shzh -1,

GM 40 mg/kg/ H 228 R[5 L1210 LD € V € »
rDH B, BHRTHET U1 LRBRWVIZI LT (Ta-
ble 3), EARKE ML, 20kHz @ $ @ 3 PL, 20 kHz >
5 4kHz D@ 1PL, 20kHz » 5 0.5kHz ¥ TD
D1EED SN, BHD 4R EARHDOHEEKRR
BT oot TDD, COBTOENRABEERR
9 PGrhi 5 P (55.6 %) iItAabh, 2D 5 5D 3 PLTIE 20
kHz [TfRRLT Y, fho2PLTid 4kHz QI T
HALTW I,

GM 100 mg/kg/H %28 Hf#5 L1210 LD E WV E »

HETRENT 20kHz %5 0.5kHz tbiz s L#s Bk
BHBOENRH LR X T2 LT\, 28 ARERF LI
9D 55, 1MIRENRHHERS 1238120,
BbD 8P (88.8%) XENRHMHERR LIz (Table
4), BARHMEOHEMS DL, 20kHz CRFT 34D
1Pt 20kHz %5 15kHz FTOD1ILT, o6
Ptix 20kHz » 5 1kHz F72i3 0.5kHz 3 COLHES
ABBHBOBENRHMEERRZEL LTWS,

KM 100 mg/kg/H% 28 AE#HS LIZ10 LD € VE
v bD> B, 3P0 20kHz ZBFE UICBENRHEOMHE
BRUIH, TNHDENEY M, T TIEESBERAT
ic 20kHz DENFEAHE 2 ILTWIZO T, KM
BEILE AEBLEIAZUILLN, UTth>T, OB
T3, KM #5288R &% BEARSHEKIT 1S 5

Table 3  Frequency range of pinna reflex loss in 9 guinea pigs received GM 40 mg/kg for 28 days
Animal Frequency (kHz) of pure tone used in pinna reflex test
No. 20kHz| 15 12 10 8 6 4 3 2 1 0.5
1 -
2
3
4 A
S
[
7
10 -
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Table 4 Frequency range of pinna reflex loss in 9 guinea pigs received GM 100 mg/kg for 28 days
~ Animal | m‘F;e'c‘ju‘ency (kHz) of pure tone used in pinna reflex test
No. 20kHz| 15 12 10 8 6 4 3 2 1 0.5
1
2 -
3 -
4 -
)5 { -
6 ' -
. | \ -
8 § -
9 - |
10 - —
|
Table $ Frequency range of pinna reflex loss in 10 guinea pigs received KM 100 mg/kg for 28 days
- R;maTA - Frequenc;7 (kHz) of pure tone used in pinna reflex test
No. ‘20kH{$ 15 | 12 10 8 6 4 3 2 1 0.5
1 i 1
2 \ ;
|
3 |
| |
4 | 1
5 | ! j
| ! |
6 | | i
! ‘ i
7 | | i \
8 ! |
i |
? | |
i | ‘
o | 1| 1

STz &tz s (Table 5),

KM 200 mg/kg/ H % 28 H#5 U125 LD €V E »
FD DB, BARGHESEIZ1 Phic 20kHz iR LTA
51, BEHDAVLTIIENRFOHEKIZED SNzh -
2o LM LSHS, ThbD4PLTiE, 14dB 5 26
dB ¥ TCOENKHMNOFEELU LOEHE LA A LN
FERBEED D 5 EWRBINT,

KM 400 mg/kg/H % 14HE#S U256 LD L E
FD S B, 1PLIIARRTHEE UIchS, 14 ARAERFE L4
VL3 BB EN LR R U, BARKHEEDIRL
hid, 20kHz %5 15kHz $TD D 2L, 20kHz 5>
5 12kHz gD D 1L, 20kHz 5 8kHz T
DHDIETH -1,

b. WNEORIEEBENTTR

TOB 50 mg/kg/H % 28 HREI#S L1210 )LD € VE
v FD 35T, FIEMEOHBEHORERLERS SIS
WV, @41 METHEO 5 & B0 AEEMREO MK
ZRUIZBDIZ6IL TH-T, 55 2PETIIHERIT
(Fig. 1), Z b 4 LT3/ BN EEMRO HE%
xfzLTwWiz (Fig 2), FEHIANEEMBOHEL R &
o U B 0 —IB T, WM NE EMEOHEE 2R
LTz (Fig.3), WE#IC 1 BEETHICBE UINE
EMIID W% 12 UT L PEE, b 5 Hook DT
FTONEBMIBOMEEZRUIZLILER, ZhZEh,

20kHz ¢ 20kHz %»>5 15kHz ¥ THARE DML 2T
T LTIz, B 1 EETwICRP UcAHEMI
D54k (Fig.2) Fizi3Rseensk (Fig.3) 2 &
LIizEVE Y b TR, BENARHO BEE BZAHLNEH»-
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Fig.1: 1L

Fig.2:2A Fig.2:2B

Fig.2:2C Fig.3:3 A

Fig.3:3B Fig. 4 : 4 A
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Fig.4:4B

Fig.8 : 8 LA Fig.8 : 8LB

Fig.8 : 8RA Fig.8 : 8RB
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Fig.9: 9 A Fig.9:9B

Fig.9:9C

Fig. 10 : 10-1 A Fig. 10 : 10-1 B

Fig. 10 : 102
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Fig. 1

Fig. 2

2A:
2B:
2C:

Fig. 3

3A:
3B:

Fig. 4

4A

4B:

Fig. 5

Fig. 6

Fig. 7

Fig. 8

8LA :

8LB:

8RA

8RB :

Fig. 11 : 11 B Fig. 11 : 11 C

Explanation of figures

Bilateral complete loss of the outer hair cells in the organ of Corti at the basal end of
the cochleas from guinea pig received TOB 50 mg/kg for 28 days. 1L : left cochlea,
IR : right cochlea. Thick arrows indicate the sites of missing of the outer hair cells
in the organ of Corti, inner hair cells are present. T-1-20. x 300.

A loss of the outer hair cells (thick arrow) confined to the organ of Corti at the basal
end of the cochlea in guinea pig received TOB 50 mg/kg for 28 days. T-8-47
Basal end of the cochlea, inner hair cells are present. x 300.

1/4 of the Ist turn, outer and inner hair cells are present. x 120.

3/4 of the lst turn, outer and inner hair cells are present. x 120.

Partial loss of the outer hair cells (arrow) confined to the organ of Corti at the basal
end of the cochlea in guinea pig received TOB 50’mg/kg for 28 days. T-5-33, 37.
Basal end, partial loss of the outer hair cells, inner hair cells are present.  x 300.
Lower part of the hook of the cochlea, about 130 microns apically from 3A. x 120,
No missing of the hair cells.

No destruction of the outer hair cells in the organ of Corti in the basal region of
the cochlea from guinea pig received TOB 50 mg/kg for 28 days. T-10-30, 33.

The most basal end of the cochlea, the organ of Corti has both the outer and inner
hair cells. x 120

The basal region, 100 microns apically from 4A, the outer and inner hair cells are

present. x 120

No destruction of the hair cells in the crista ampullaris from guinea pig received

TOB 50 mg/kg for 28 days. T-2-30, x 300.

No destruction of the hair cells in the macula utriculi from guinea pig received
TOB 50 mg/kg for 28 days. T-3-18, x 120.

No destruction of the hair cells in the macula sacculi from guinea pig received
TOB 50 mg/kg for 28 days. T-6-33, x300.

Bilateral complete loss of the outer hair cells in the basal region of the cochlea from
guinea pig received TOB 100 mg/kg for 28 days. TOB 6-5, 15, 20.

Complete missing of the outer hair cells (arrow) in the organ of Corti at the lower
part of the hook of the left cochlea, inner hair cells are present. x 300.

No destruction of the outer hair cells at the upper part of the hook. x 300, left.

: Complete missing of the outer hair cells (arrow) in the organ of Corti at the basal

end, inner hair cells are present. %300, right.

No destruction of the outer and inner hair cells in the organ of Corti at the 1/4 of

1529
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the Ist turn of the cochlea. x300, right.

Fig. 9 Less extensive loss of the outer hair cells extending from the basal end to the upper
part of the hook of the cochlea from guinea pig received TOB 100 mg/kg for 28
days. TOB 4-31, 36.
9 A : Complete missing of the outer hair cells (arrow) at the basal end, inner hair cells
are present. x 300.
9 B : Complete missing of the outer hair cells (arrow) at the lower part of the hook,
inner hair cells are present. x 300
9 C : Complete missing of the outer hair cells (arrow) at the upper part of the hook,
inner cells are present. x 300
Fig. 10 Extensive loss of the outer hair cells extending from the basal end to the 2/4 of the

2nd turn in guinea pig received TOB 100 mg/kg for 28 days. TOB 5-26, 30.

10-1 : Midmodiolar section of the cochlea, 1A : 1/4 of the Ist turn, IP:3/4 of the 2nd
turn. 2A : 1/4 of the 2nd turn, 2P : 3/4 of the 2nd turn. 3A : 1/4 of the 3rd turn,
3P : 3/4 of the 3rd turn. 4A : 1/4 of the 4th turn, 4P : 1/4 of the 4th turn, 4P :3/4
of the 4th turn. A : Apical turn. x25.

10 1A : Complete loss of the outer hair cells (thick arrow) at the lower part of the hook
of the cochlea, inner hair cells (thin arrow) are present. In the spiral limbus, there
are many connective tissue cells. x300.

10 1B : Complete loss of the outer hair cells (arrow) at the upper part of the hook. The
connective tissue cells in the spiral limbus are missing due to ototoxic effect of the
antibiotic.  x 100.

10-2 : No destruction of the hair cells in the crista ampullaris which is most sensitive
vestibular organ to the ototoxic effect. x120.

Fig. 11 Extensive loss of the outer hair cells extending from the basal end to the 1/4 of the
3rd turn from guinea pig received TOB 100 mg/kg for 28 days. TOB 1-31, 51.

11A : Complete loss of the outer hair cells (thick arrow) at the lower part of the hook
of the cochlea, inner hair cells (thin arrow) are present. x300
11 B : Complete loss of the outer hair cells (arrow) at the outer hair cells (arrow) at the
upper part of the hook, inner hair cells are present. x300.
11 G : Complete loss of the outer hair cells (arrow) at the 3/4 of the Ist turn, inner hair
cells are present. x300.
7o E12, YDA, 1EETRONMEMBOE AL, 20ETR1EER T2 5 1 HEO 1V/4 LT

B RUTWE - 12 (Fig.4), HEABRATH, S 20

HALTH Y (Fig.9),

MAR. 1975

fi> 3 PL T3 1 18R R 5> 5

kHz COENFHEMEEZ R LTV IZ20EE, 1EET
WONEEMIBOMERZ SIZL TN T, ThHD
BOENVEY FTIE, MEOERER AT (Fig.5),
SRJaEsE (Fig.6), IRLBEBE (Fig.7) OHBMIE 1TI1Z
A S e ERIEA SN -T2,

TOB 100 mg/kg/H % 28 A H 5 L 129 LD € VE
v M3, 261D5, 1EETHE»SmED, i O
DD Y BRUTE T £ VEBONEEMBOME 2 12U
TWiz (Table 6), NEBMIBOMEERIE, 2PETE1ME
HE R SRR I LB T VERALIC A B iz hs (Fig.8), 2Pt
Tix 1 BHE TS 5 Hook DFEB &b AU N& B3I F THL

3/4 T, &»AHWMZ2MEEE2/4 (Fig. 10) F 7213 3 [lix
1/4 (Fig.11) TR L TV Iz, NEEMIEO HEH
1 [EEE TS 2 [#E 2/4 FTIHARU T ICELE » b
o4z (Fig. 10), 5+ B0 fEEMkDs 1 [l
1/4 75 3 [@#E 1/4 FTHE LTV, BIET, ik
P DOES S ORER R § 5 U SRR BB
HEMIIZ HHRIIA LN 5T,

GM 40 mg/kg/H % 28 ARG LTZ9 LD € vV € v
FD DB, REHAREMNBIE RIS CEMTEIZTIE
TONWTABE, T+t U BONEEMILOMELETD
1 EEEO FHMICRR L TALRIZEDIZ2PE, 551
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Table 6  Range of outer hair cell loss of organ of Corti in 9 guinea pigs received TOB 100 mg/kg for 28 days
Animal Site and turn of cochlea in midmodiolar section
No. BE HL HU Y% % 2% 2% 3% 3% 4% 4% Ap
1
2
3 ——
4
s - (2/4)
6 -
1) 7
8 F-—--»
9 -
10
BE: basal end, HL: lower part of hook, HU: upper part of hook, Ap: apical end, §: died
Table 7  Range of outer hair cell loss of organ of Corti in 10 guinea pigs received GM 100 mg/kg for 28 days
Animal Site and turn of cochlea in midmodiolar section
No. BE HL HU Y % 2% 2% 3% 3% 4% 4% Ap
1 -
2 e e e EE -
3 -—
4 ———m———T == >
#)S -———— - ——1 - ——
6 o
7 e e
8 o = L —— >
9 >
10 - -
BE: basal end, HL: lower part of hook, HU: upper part of hook, Ap: apical end,
Discontinuous line: scattered partial loss of outer hair cells
P, It BONEEMAO ML HEl Cho  DObDO 1ML, 1EEES/4 LTV -T2 6D 1L, 2 HiR

12o D 2 LTI, NEBMIROMHE IR 1 BEED T
5 1/4 T -> T, B D 3 LT3N EEBMBO
HEIRALNIZ -1,

GM 100 mg/kg/H %28 A #5 LIz 10 LD E N E »
FD 5B, 1PLdEAEERE AR TR LI, O
1PE%2E&WI2100tD 5 B, 235 & L BRONEEMIE
D% % X2 LUTWiz (Table 7), NEBMEOMHLE
BRIZ, #3401 METHBICRBUIZ D 1 PG, 1 EE
Ti#ih 5 Hook LifF Co b D2PL, 1REEEL/4FT

1/4 ¥ G- b D3P, 2E#E3/4 TTHAR LI
D1PE, 3EEL/4ETIHRARLIZEDIELTH -1, T
NEDENEY FDH B, T BONBMIEDMHED
1 EEOTHM» S 1/4 YU EE THEALUTOIZBRE T,
EEEWALE Y 3 5 LA DR THEEMROBIN
BHREE I TN

KM 100 mg/kg/H % 28 HE# 5 L1210 PL D € v E
v hD3 5, 8PLIZ1EETHED I v BRICHERE
IEY N E BB MR 2 12U Tz (Tabl®
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Table 8 Range of outer hair cell loss of organ of Corti in 10 guinea pigs received KM 100 mg/kg for 28 days

Animal Site and turn of cochlea in midmodiolar section
No. BE HL | HU | % % | 2% | 2% | 3% | 3% | 4% 4% | Ap

1 ===
2
3
Y
5 F-—w
6 F---o
T ===
8 F--
9 F-— =

10 F---»

BE: basal end, HL: lower part of hook, HU: upper part of hook, Ap: apical end,

Discontinuous line: partial or unilateral loss of outer hair cells

8), BhD2 Ty, 1[EHRTFHHEDS € BRI NE
BRBOEERIED bNizhro1z,

KM 200 mg/kg/ H% 28 A5 LIz 5 LD EVE »
&, 2HF € VERONEEMEOMEZRL TV,
NEBMAOMEEREIL, 1 EED TS 1/4 $TD
OS2 X1 LI D 4L, YD 1IPETIX1 EEDT
Wi 5 Hook LI TONEEMBOMEISED SN
120

KM 400 mg/kg/H % 14 HIRE Uz 4 LTI, 241
M, 7 BRONEEMBOMER X2 LTV, AE
BRBOHROHHIZ, 1EEDOTH»S 1/4FTD D
DIET, BHD1ILTR, NMEEMBEOMNEE 1 HiE
T#» 5 2/4 T TH BRI,

c. BEARHMDOHKEHE 5« o BONEEMALD R
IR A 5 A 72 BB EEE OD Hi

P EDE AR RBRAREL & N E ORISR %
FEH B L Table 9, Table 10 Lis3, N dDEEED
5, TOB DUgaHEM%2 GM 5L 0¥ KM DEisdid: &
ey 5 &, 58 100 mg/kg/H D 28 HEH S T,
B KM i %<, DT TOB Co -7,
GM p—FiE L 5 1I¥E 3 hiz, TOB 50 mg/kg/H
& GM 40 mg/kg/ 10> 28 H I #43 DR % ik LT A
Th, TOBDIZS5HIGM L b b EREME 2R LT
W2,

2. BAMOLRIYE R

TOB 3 mg/kg/H % 90 F & & P A4t Lic 3D =

Table 9 Incidence and range of the pinna reflex loss in guinea pigs received TOB, GM and KM respectively

Drug Dosage & Freqilency (kI*-iz) of pure tone us_(id in pinna rsﬂgx test

Duration 20kHz | 15 12 10 8 6 4 3 2 1 {05
TOB 50 mg/kg 28 d. 3/10 | 1/10| * * * * * * * * *
GM 40 mg/kg 28 d. 5/9 2/9 12/9 12/9 |2/9 |2/9 [2/9 [1/9 [1/9 [1/9 |1/9
TOB | 100mg/kg 28d. | 9/9 |8/9 |7/9 |5/9 |4/9 |4/9 (2/9 |2/9 |2/9 |29 |1/9
GM "100 mg/kg 28d. 9/10 | 8/10; 7/10 ! 7/10| 7/10| 7/10 | 7/10 |{7/10 | 7/10 7./10 5/10
KM 100 mg/kg 28 d * * * * * * * * * * *
KM 200 mg/kg 28 d. 1/5 * * * * | * e
KM 400 mg/kg 14 d. 4/4 4/4 | 2/4 | 1/4 | 1/4 * * * * * *

Number of guinea pigs with pinna reflex loss/Number of guinea pigs in the dose level

* : no guinea pig with pinna reflex loss



VOL. 23 NO. 3

CHEMOTHERAPY

1533

Table 10  Incidence and range of the outer hair cell loss in guinea pigs received TOB, GM and KM
respectively

Drug Dosage & o Site and turn of cochlea in midmodiolar section
Duration BE HL | HU % 2% | 2% 3% | 3% | 4% | 4% | Ap
TOB 50 mg/kg 28d. 6/10 | 1/10 * N * * * * * * * N
GM 40 mg/kg 28d. 4/7 | 2/7 | 2/7T |27 * * * * * * * *
TOB | 100mgkg 28d. | 9/9 | 7/9 |6/9 |59 |3/9 | 2/9 |19 |19 | * | *x | * | =
*

GM 100 mg/kg 28 d.
KM 100 mg/kg 28 d.

8/10 | * *

KM 200 mg/kg 28 d. 5/5

KM 400 mg/kg 14 d. 4/4 | 4/4 | 4/4 L4/4

10/10 | 9/10 | 9/10 | 7/10

5/5 5/5 | 4/

7/10 | 7/10 | 7/10 | 4/10 | 3/10 | 1/10 | 1/10

* * * * * * * *

* * * * * * * *

1/4 * * *

* : no guinea pig with outer hair cell loss

WVEy FOENREH %, TOB R EHAMAF | B c#E
UTeds, BARFOMEEKZ X122 8 DS o1,
TOB 90 HR¥ S#&THD A — U 45 5 4|3, Table 1l
Dk 5T, ESBMKRAT,» S 20kHz TREDENMRS %
RUTWIZ 1 L%k X, 20kHz, 15 kHz, 12kHz, 10kHz
DOEFEICIBNT S ENRFDOHEER X2 L2 DS
»o1s

TOB 6 mg/kg/[H % 90 HMM KM ESH Liz3 LD
NEy MTEOWTH 1 BECENRN 2 BB L2,
MR XTI UIC DI L, 90 HIFBE/RT H#D + —

Number of guinea pigs with outer hair cell loss/Number of guinea pigs in the dose level

2445 8 Tit Table 12 O 5z, 20kHz, 15kHz,
12 kHz, 10kHz 1230 T & B AR HOM %% $ 12 Ui

BDIZ1PES s -T2,
INHDENVE y b OHEBROREHBFORRITET

HF1THADT, REFRRICOVTE, ObIC#ET 5T
ETHbB, U LWL, A—2F 55 A0OHRTIE WV
ThOBYOEN R EIE b ERBHAICDH > 12D T,
BEDS v BT ELOEERIRWEZALLNS,

3. ERAMBP DR S R K
a. IEIRANERNIC IS 5 TOB BESOHRELE » b

Table 11 Pinna reflex audiogram ranging in frequency from 500 Hz to 20000 Hz in 3 guinea pigs received
TOB 3 mg/kg for 90 days ‘
‘;‘S 500 1000 2000 3000 4000 6000 8000 10000 12000 15000 20000 Hz
— f

0 ' /
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Table 12 Pinna reflex audiogram ranging in frequency from 500 Hz to 20000 Hz in 3 guinea pigs received
TOB 6 mg/kg for 90 days
(113 500 1000 2000 3000 4000 6000 8000 10000 12000 15000 20000 Hz
q
/ '
o AN '
3
10
20
30
40

Table 13  Frequency range of pinna reflex loss in 4 pregnant guinea pigs received TOB 50 mg/kg
for 4 weeks during early half of gestation period and pinna reflex loss of maternal and
newborn guinea pigs in post partum period.

Dose Gestation period Post partum
Duration v o2 3 4 5 6 7 8 9 10 v 2
T " - — -
50 mg/kg x 28 d. - — - — — - - - — — «
(No. 49) 3 (=) ]3(=)
S g g pep—— = —
50 mg/kg x 28 d. - - - - - — - - - - .
(No. 35) 27 (9| 2(-)
50 mg/kg x 28 d. - RN i I R - - _ _ s -
(Ngo.g?:) 5 (-)|[5(-)
P e P g pp—r— - -
50 mg/kg x 28 d. - - - - - - — — — - .
(No. 34) 3 (=) |3(-)

— .. positive pinna reflex

():

pinna reflex of newborn guinea pig

* : ‘number of newborn sibling guinea pigs

LERENVE Y FOERICBIITTHE

TOB OHS5HIRIZ, BRICETOFEERLHEEL T
HED»H, SHBITOL4BERTH->T, ZORIIHE
FITHEL, HEX2HBABTCREVEy M EFEELVE
v FEBRL, REEBZENRRCHTS LU,
TOB 50 mg/kg/H % 28 R 5 U1z 6 PLOENR € v
£y hDS b, HE4IEEMEHC 05kHz 5 20kHz ¥
TORBMTBEBHB CHEOENRN 2R UIZ4 L

DIEEEVE Y b &, ZRSETNIC 13 [LOFAEE IV
E y MTOWTETR » CEN R ORE RS, Table
I3 [WRLICEBHTH %,

T3, ATLDERELE y MICOWVWTAHS E, TS
THOEREE TN TH, & TN TS, 20
kHz »5 05kHz ¥ COFHRTOENRHAD 11
IR RN (RAS IS i

INLD4EDRENVE Y M6, 2PEFETIX3RLD
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BNES LT ODFEENE o MR IS PLET NI,
INHDI3ELDFEELNE Y b ITONT, £ 1HEE
L 2EHE L ITfTIs -7 20kHz 5 05kHz ¥ TOF
BCOBNRHBRBRTIZ, 1P 8BENARNDOMEER X2
LIz DB bhizh -1z,

TOB 100 mg/kg/H %145 §i 2 1 12 28 ARHRS Uiz
8ILOIEIR EVE Y hD S B, BHHEIMAANIC, 20kHz
»5 05kHz ¥ TOREMETAEEHERT, TTHE
DENRHA 2R UIZ6 LOEREVE Y bD 5 b, HES
Bt 4 BTENRHEEZ X2 LIZbDIX5 LTH -
1z (Table 14), 50D 5 5T, BRE Ok Hs 20
kHz R LTHEI -2 Dix2 P8 20kHz 55 10
kHz ¥ CHALIZdD1PE, 20kHz »5 1kHz ¥C
BT DI TH-T, D 1PLE, 20kHz &
1kHz %5 05kHz ¥ T TEHNKE HERZRLUI,

BENRSHEER X U5 LDEREVEY FDS B
T, EREEPITS 5 ICENRHABEERDOIERZRLUIZS
i3, 20kHz p>5 15kHz $TOD2MLT, BHHD
3PETIE, BARSMEEDIEARIIASNIZ -T2, 3PL
DEREVE v MIDHANCTHE LIcDT, BRD%
LIzDIZ3DOEIRENVE w P Th oo, BRIBZEL
TZ3EDENEY PDI L, 1ML 1EBICE T
oD 1 PCid 2 BEICENR I BROIEAZR U,

LEROERIBULICIEDBELE Y D, ENFE
2P 3P S5PEOFEELvEy bBETHI, Ch
SDI0EDOFEENEY b ITANVT, EK1EEHE 2
BEfTIs> 1z 20kHz 5 05kHz ¥ T BHRNE
BOENRHARRTE, HEHCLEFRCIENRSH
DHEKIIBL 575 o1,

b. MERENHAICIIT 5 TOB B EDIEIRENE » b
LEREVEY POBERICHLIZTRE

TOB 50 mg/kg/ B %2 3EHR 7 #h> 5 28 BRI H 34 i3 26
BEKDIZ>THELUIZTILDOIERENVE » b &, IER
85 24 HE D AW M3 21 HGEYS Uiz 2 VLDIE €
NEY DL, 2LIIEHNBERAT»S, 20kHz F7:
i3 20KHz ¢ 15kHz & CHARHHERRL TV
S, BEHKTHR L ENARIMEDILARZRIZh 1D
T, TOB fy5ick sFR DN ENWDIB I ZAT, fib
D1, T4EE 1 EH» 5 20kHz TEARHOME
% X12Uiz (Table 15), Zh b 9PLODIER ELE » b
T}, MERIFISALNZho1c, DRE1ET, 1
Pt 20kHz & 15kHz Lt CHARMMERZ S 2 L,
ftad 1 PLid 20kHz %5 1kHz $TOEBNRH LS
B Uz, Dk 2B T3, 3PUH 20kHz Kiaz 2 H
NRFBER STz, BARMHEDIED Y i3,
20kHz 1pt, 20kHz & 15kHz 1pC, 20kHz $5 2

kHz $C¢& 05kHz & DEANRMMEENS 1L TH 1,

RO IEDERENE » b5, 1PL, 2PuFizid
3L ODHLE ENEy b 0 ILHETHIZN, HE1
BE2BETHR-> LENRGARBR TR, BARKEOWN
KiZ1B b ANz o1,

TOB 100 mg/kg/H % H#E4R 7 > 5 28 HEIE 12 13 24
BERS U5 L, ER8E »A X 98EH» 5 23 H
MEizid 14 BREBES LI 3IEDERELVE Y DS B,
1 PEIZVr S S BAsAATH> 5 20 kHz OEA K%k 2ig
T UTWiz (Table 16), TOB fHfrhic, 8 Purh 6 PLs
ENRAMHEEIIZZOHAR 12U, BEARHMED
#pPAIx 20kHz iz 1P, 20kHz & 15kHz T g,
20kHz %>5 10kHz ¥ 1[G, 20kHz %5 8kHz ¥
T1PE, 20kHz %5 1kHz 3 T1p5, 20kHz 5
05kHz ¥ T1 L3 D Tdh -1z, EREEIEE LTz
SIEDEIRENVE » MTRWEIXA SN h - 1225, b
BRI T BIICEARH DMK D U 3 MEME I ADS
Aoz,

b 8ILDBENE Y b5, 2PLFT0id3PLg>
DOHEENVE y PHEFI200LETNIL, 35 2P,
HER 1TBELPNCIETE Ule, &% 1 8H TH2- 2BAR
HBERTIE, 0E0OFEELVEY FDD b, BEEHETD
BENRSEHEEZRUIZDIZ1H sz, UL
o, E®R2HBE TTE-> ILENRHERABR T, £FEL
1218 LDFEENEY D5 B, 20kHz p5 0.5kHz
ECOLELEHOENRAHERLRUIBENE Y b
POEEINIC2IEDOHE ENVEY b D1PLH, 20kHz
CRRVICEARHEOMNER 82 Uz, BHOD 17 LD
FEEVE v MITIE, BREUICOThOBBEB T
THENRHOHEERE XLz D>z h 12,

c. /h & :

TOB 50 mg/kg/ H 2 IEIRATN:HAIC 28 HRIES Uizih
ATk, BELVEY ML, BhdSETHICIZITD
FEEVE Y FCABENRHDOEERA NS -1z,
U L2ish35, TOB 50 mg/kg/ H 21 iRH% 101z 28 H
HEzid 21 HEAREUIZBEIKE, BErey b 22
% (9 Pur 2 P0) i 20kHz ZfRF LT B/ RE sk hs
Aoh, I HICHBEITIX, 40T (44%) TEARHD
HERFIIHRBEAOIAGE o112, UL, EFh
1220 ED FEEVE Y b TR, ENRHEBEI1IHS
Abighrotz, Thd ORERE 1, TOB 50 mg/kg/H
VST, EIRAEHI T IEREEM T, T vE
v POBEBRORE I L WA ICTT 3 dd5- T-HEsic
NTABEIIIEAERRNEELLONS,

TOB 100 mg/kg/ H 2 #EIRATNHA 1< 28 H# 5 Lic
BEIII, 83% (6 0L 5 L) I S5HDEN R HE
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Frequency range of pinna retlex loss in 9 pregnant guinea pigs received TOB 50 mg/kg for 3 to 4 weeks during

later half of gestation period and pinna reflex loss of maternal and newborn guinea pigs in post partum period
Dose T Gestationperiod o Post partum i
B A T A T R T N A R
- ’ ) B ™| 15¢20kHz | 15<20kHz
50 mg/kg x 21 d. - - — i
(No. 47) | 3*(-) 3 (=)
— - |
R . -] J——— - 20 kHz
50 mg/kg x 24 d. | - 20 kHz 20 kHz |
(No. 31) ! | 3*%(-) 3 (-)
— e |
g : p— 3 : R —————T B3 s 1520 kHz
50 mg/kg x 26 d. 20 kHz 20 kHz 20 kHz 20 kHz
(No. 46) 3*(-) 3 ()
T f-— - - - - - - - 20 kHz
50 mg/kg x 27 d. - - - -
(No. 43) i 2*%(-) 2 ()
T T —— - i - - ﬁ — ——=| 1<20kHz | 0.5,2<20 kHz
.50 mg/kg x 28 d. - - - -
(No. 5) | | 2%(-) 2 ()
50 mg/kg x 28 d. - = ’ - = ’ - N -
(No. 10) | 2*(-) 2 ()
) - B - - [ e 1520 kHz 20 kHz
50 mg/kg x 28 d. | 15«20 kHz 20 kHz 15<20kHz | 15<20kHz |
(No. 25) i { ! 2*(-) 2 ()
e — - p— — — -
50 mg/kg x 28 d. - - — _
(No. 27) ; 1*(-) 1)
[ - 4= - - - - —
50 mg/kg x 28 d. - - 20 kHz - |
(No. 30) L 2%(-) 2 (=)

():

*

positive pinna reflex

pinna retlex of newborn guinea pigs

number of newborn sibling guineca pigs

Table 16  Frequency range of pinna reflex loss in 8 pregnant guinea pigs received TOB 100 mg/kg for 2 to 4 weeks during
later half of gestation period and pinna reflex loss of maternal and newborn guinea pigs in post partum period
T b | Gesttionperiod Post partum
Duration | | 7 | 8 L9 10 v 2
. oamabon I .
| T~ 1520kHz | 15<20kHz
100 mg/kg x 14 d.! | - : -
(No. 9) 1 i i | 2*(-) 2 ()
o T T R e — *——-.‘ RN S — 0.5<20 kHzM .0—.5<—3 kHz
100 mg/kg x 22 d.‘ ‘ - ‘ - ‘ - 15«20 kHz 12«20 kHz
(No. 36) ! ‘ | | 2*(died)
. rTm T Tl - — 2€20kHz 1420 kHz
100 mg/kg x 23 d. 0.5<20 kHz 1 (20 kHz)
(No. 12) ! 2%(-) i 1(=)
! ———-—® 0.5«20kHz | 0.5<20kHz
100 mg/kg x 24 d.
(No. 21) : 2*(-) 2
| —— - ——=— 0.5<20kHz = 2¢20kHz
100 mg/kg x 28d. i 1«20 kHz
(No.26) | 3%(-) 3 (=)
i b— - —| 0.5<20kHz | 0.5,1,6<20 kHz
100 mg/kg x 28 d.
(No. 40) . - _3"(—) 3 =)
i ST - — % 0.5<20kHz 0.5<20 kHz
100 mg/kg x 28 d.. |
(No. 48) | 1 3*(—) 3 (-)
. B s e R S
100 mg/kg x 28 d. — - - i
(No. 53) | L 3*(-) 3()

positive pinna reflex

pinna reflex of newborn guinea pigs

number of newborn sibling guinea pigs
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% 20kHz 72131, & B4 2 20kHz 75 10kHz ¥
T, %124k 20kHz 5 1kHz it -7z, Th
560LD> 53T (50 %) ITHMEENA bIzhS, BEHD
3L 5 HEFNIZ10 KOFEENE » M BARE
MR 572 h» -7z, TOB 100 mg/kg/H R IEIRE K
Bz 28 HM D AW0id 14 RS LIzB&i,. 5%
DENRHMHEIX 8 FIF 6 Bl (75 %) i bhiz, UL
U, MERXL1AIEZSaboT, BBELE y PRI,
87.5% (8L 7 Bl) COBBEDENRAHEED BU L
HERBEDILAYSA BN, EIhiz 20 TOFE =V
Ty bDIH2PLIE, HAERKRETL, E£XE-7180U
D55 1Phs, 20kHz KRB UI-BENREHEREC
Ulz, 37205, 100 mg/kg/ A5 TIL, IEIREEOD
2508, BEVEy POBBICRITTEEIELNELS
CELLNIY, FEEVEY FOBRICHN T 5 EE
i, 20kHz ZRF U I BN RE DS 28 Fi 1 FlicZ
D o5NIINT T, BERERIIDODDTOINEEZLILN
B, 2B, FHEENEy FOEBBEZICONTR, Th
LB ONE OREHBENREIKR T UKL, 35
CRE BINA BT R LI,

E E

7 3 EEETEYE R 85 U BAT, BRI
1%, BEIERD O FIRIRIRIS & DRERBEE LSS
BEMGENZ LMD A, DX 5 BHEHERED
BE WiEC 5 BMEEEIR, BERRTH TEBERT
b, REBOBMEER, $74bb, 7€ 820
EROEEMBITET 2—RMZANEEFTL -> TR
INBLT LY, BEDHEITE > TUIIWIEAS WiT
NTETNAEY, SEMETE 2 HIEORB & ERE
Ry, ERMICEEY»H > T, BEXILALHICE
b T2 A % BEIRED REA O 8000 Hz T
b, BEGERTIHAE, BE»L L HEFLE
AKUTW &, 2000 Hz DIF & TREBSHLD 5 L RFFICK
% X1c9k dTis s, BIMThiEMERBE VIZHEE
h, BREEFIEE»LRED, L HEF~NEIAL
TOLZEPHLPIRINTVWEL, i, 780
NEBMIEE, B4 1 EETRTH6EEL 5, 20
B, TWHEL» 5 LA EBOBMANRELCIEL KL T
WL EDHLLIRINTV S, &S (1971)™ 13,
Aminodeoxykanamycin (40, 80, 200 mg/kg), Ami-
nosidine (200 mg/kg), Dihydrostreptomycin (200, 400
mg/kg), Gentamicin (25 mg/kg), Lividomycin (200,
400 mg/kg), Kanamycin (200, 400 mg/kg), Vistamy-
cin (400 mg/kg), Capreomycin (400 mg/kg), Tuberac-
tinomycin (100, 400 mg/kg), Viomycin (100, 200, 400

mg/kg) REDT I EHEEHENE &7 F FHLED
BRHEUI 124D EVE » kORISR DR
BERRBICE T, & BONEEMBOMNE,
BEALEICRS 1 AEOTHWBITHAEY, I5CTH
B b LB AT AEAZRTC E2HELMIC
LT3, Z20D#% Axivosar & Sato (1974)'3, Kana-
mycin, 3', 4-Dideoxykanamycin B, BB-K8, Vistamycin,
Gentamicin, Tobramycin, Butirosin /3 & D7 T . Bl
HHEYBE 2RE U2 201 KO ENVE » MTOWNWT, 20
kHz 5 05kHz ¥ TORBMTHEEER 2 § o2
—UF A~ ~T, BEARHO HEBHEEZ WEL, *
12, EEHETHRIT, RED o4 v L BFBE TS+
BRONFEMIBOMHRBEE2HRKE Lc, 2L TLEhE
MERHREUICEVE y b TIR, BEARSEMEER, 1L
AEBTENVE Y b TORBEABE®D 20kHz Hh 5%

b, BENIEKRT AHEIIL, 20kHz 55 L HEVE
YA L ENRENEBEBLS-> T E, 35
25 ¢ VBRONEBMEOMEEKE, 3EASEITHEE]
HETHEL bInE b, BEARMHEEA TR, BARS
@ 20kHz > 5 OHREH L, NEBMIBO 1 BETH
> b DKM & BB L SBT3 E%@EHT
W3,

Streptomycin sulfale (SM) DX 5iz, &< i1z
DOHBMIIC 3 UTHRE 282 LBV fiEwE 2 R
i, 2007 3/ EEEHAEYNED 53T F K
EYBIL, TVEy bD 5t UBRONE MBI B
FEREL LB (B, 1973)'%,

UTehSoT, 7 37 EGENE D 20 3RS+ K
FAEMEOD EaEY, = ey NTHET S BNiIC
12, 847 v VBRONEBMIBORE 2 HEEN S 5 UNT
FEREEMCRET AL IR > T, BTSSR HEL >
BEEALLND, TOIV, BTy MBI BHEY
Bt 2lREEOHERBD 5N S, 20kHz itis s
b WRAE N B BB BATEAR S 5 BN RS E DI ARER
L, TR UBO1EETHCRE D, WRkEHDEEN
LHAT ANEEMIBHRDIEARER & KEE IS T
L& - T, BERBERPHETAIDD 5 & L BOBAE
Bs 6 TIEMBENREBOILL Y 2, »iz hIERKE S
ABTEMTERLEELLONS,

D AN, KESSHOMESRIC JITTRE

TOB & GM 725 fic KM (D BsasE#%», TOB :
50, 100 mg/kg/H, GM : 40, 100 mg/kg/H, KM : 100,
200, 400 mg/kg/H % 28 HE (KM 400 mg/kg/H 121713
14 ) #E LIz E y FIRBWT, 20kHz H>
5 05kHz ¥ TODF—~ % 4—%—% FANT BEARS
DOHEZHEL, 35T, €801 EETFH»SHE
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H#EE TIiCbiz > THEEMBOMEREZHEL T,
MEORERZ B U, ZNEFNOHEREE, BESR
12ABD Table 9, Table 10 [T LWL Bh THB,

¥, TOB & GM QE##H¥:%» TOB 50 mg/kg/
H& GM 40 mg/keg/H 2H 5 LIS THE T 5 &,
HARSMHE TS, TOB DI 3 BENKMER Sz
LicEB b2, Zo#dhd, TOB & 15kHz
FTCTHHDILHL, GM T3, 4kHz HH4 % 05
kHz 2 CiibS-> T 5, e ERENINEEM
RO ERE TA 5L, TOB 50 mg/kg/RH TIiX, HE
DikHHH 1 FETHH» 5 Hook TH FTTH 5 DIT
i, GM 40mg/kg/HTi%, 1/4 HEICE TS - T
BY, BENARHBE»SAHTS, TICEREN AT

%, TOB i3 GM X hBERHEESDIZN EP¥DP S,

TOB 100 mg/kg/H, GM 100 mg/kg/ A5 LIz BE
CIBWT AT, 20kHz 5 05kHz ¥ TOR#
BEBSO BEARMEEER G LB, GM T
AL MIEE L, NEEMBOMNEHEA b LEITDII->T
VB,

WoiZ5, TOB & KM OH#E»LTA% L, KM
100 mg/kg/ H Tid, EARHOMRIXIELS A50T,
NEEMBOMEI 1 BIETHBIZVCBRR INTE
b, BbHhic KM 13 TOB & hEERHFHLHC L2
RUTWS, BE2FEDTHSE, 100mg/kg/BD
LEHBICIOTI, KM OiEsHtsR B, 2
WG TOB G, GM BB BN EWVIFERTH -1

Lo L, TCTERBICANZTE 250D,
KM DiEK#E5ETHS, KM ORBEHERY 1g/B
¢35, AES0kg DAT 20mg/kg/HEIZD, Z
T, TOB OFKABHR A & DR HER (5mg/kg/
H) 010/ Th5 50 mg/kg/H &, KM OHEHRD
1045 Tdh % 200 mg/kg/ A2 EUIZEVEY bDHF
ATHKRLTAS L, BARSHEETE, KM D35
DS D DS R B, NEBMBOMNEER,
KM i3 5 H5A 5 picLEEI, »oREE THREL
TW3, Litds-T, BIKBER2ZR TV hiE,
TOB s #HtEix KM X b $ 5L, TOB @ 5mg/
kg/ HZRWICBATO HESEEL, BHMBICRER
24, o7 BOBEMBOBRED, &K
{nhE bz, KM20mgkeg/BE2AVIIHEL Y
DULBBNEEZILND, UL, TORICINTI,
R DB EFNTONT I 5 KRS 2 LBEMD %,

2) B, CREBSEOBERICK XITTHE

HAEMBEOBKEYSR OB LN T 2REE 27
HiTac iy, BRGARCHI->TEERZLETLEHD
S, ChRBMRBV ARV TER G $4C 8
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12, BRCRINCEETH - T, RNPET 2HEIE
INTWVB, L REELAR, BOERT LIS
+ VBOEEMBEOBZHOERY, EEMEORED
REWEOERITH D EEALNLY, TOMiC, FE
ZHEPEBREYE 2ERNT S HE DB, Uithis
T, BOER2DIZTH1DIE, T TRHNVTOER
HFEbh TV 3, SEOHYHER T, TOB DK
ERHESE BT T % 3 mg/kg/H & ZDFEED 6 mg/
kg/BEDOHRER%, 90 BT Ty biTEHL, BH
B, BNEIRH, BREHBOERI, 20kHz 55
05kHz ¥ CTORAMNHEE TENRMNUE TV H
5, BARNOMBEKOHKBRLHBELIZ, LbLEMH,
ENRSOEEI, KMEERREFCH- T, BARE
Dk, BEFRCBNTY, TEFHCHNTHL
PIABD bNshpolce ELEY PEEEDTEUR
OEEMEOEEEFAEDEICH T 3 BREDERD,
BEMBOREDORT bbb IzOZERIIIIZHIIAL MIT
INTVWIRWODT, SHEOBHRROER» L, 127
it TOB DEEHRAERHER IR DO MACRd 2 2 2 7
i3 2 DOWIPEE CRITILIE 5720, ELVEY bT
OENRHBERTHABYTIE, COL I RBRERT
X, BAEERA LNV, %L, HAEMEOERIT
s aZett %, BWRERL ~VTHET % 12D OHE
HEDORNLHHLEINB L LITIES D,

3) EIRENE v MITEE LIz TOB OFERENVE »
FORRITRLIZTRE

t b TI3, WEOBXBORIEIC: 3 H/EL, JRE
29 HIER TS, i BHHE, IEE, e ANY
LRI ORY K, BEENIELTN . ¥R
BOKAE I3, Fafk 22 BEICBEKHOAE IITEY,
AR, RatE 10 B 2 RN 5, BEMIED
MBI, HETIRMRLE 108ETH 5, BERDOT >
Boyid, LS ~T7 v AEZ TIC 1 BEERE (F
) b5 2 FEEEOEBEEDH NP> TEA TV L
b T g (BKE, 1972), Lcdi-Te TR,
NEOZRE el B2 CiliihE b, FaES~T A
EHF COMIKAIER® S € VB0 LiIdEd Y, AR
i, NEBRXBROBEIRTTITTEHM>TWAEL
Lieiz s, Ty O EREEIZEE 708 (10:8)
Th-T, FEENVEY MIHEH1EE T, 20kHz
»5 05kHz ¥ COREBOMERBIILT, »izh
BVEE T, BEOBARAR2RT, LIth->T, TN
£y bTH, FERIIKIE, REOBREBEOBEITS
SWoTWBEELONS, 2L T SIS, FAERE
oz 2 NEBREBEOFREBRICE XITTHAEVED
B, NEEXBOREMNDEIET UTHEEED
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BEDPTE M- ICRESREHD I v U RICHXIZTH
EMBOMEE 25 51:D1C, TOB % 50mg/kg/H &
100 mg/kg/H & DEESE T, IERATNE & IEREEN
ENFN4BERENL, BRIBE1EB L 2881
e LVEy NOEANKS %, 20kHz %5 0.5kHz (D
BB THE L.

TOB 50 mg/kg/H % 4 @M %1213 2 Ny RS
BUILBE I, EREHORETY, HEIRE¥EHD
BETH, BEOFEELEy MTRENRHANER]
Bl Aoz -1, TOB 100 mg/kg/H% 4 BE 12
R ZNGEWERERS UcBaiid, ERORPEHOR
5Ty, #EHOBSTH-TH, BELVEY PRI,
75~ 83 % EZED AV IIEZTEL» S EFEADIZ 5
BENRHEMEESS NI, 2 LT, ERATELC TOB
100 mg/kg/H % 4 BREFE LB ELE v +D 50 %13,
WMERLC Uiz, 1z, iEREY i TOB 100 mg/kg/
B2 4B 3z VGEO RS LIt e vE y b
o EINIZEOFEEVEY FDH 2L, H
EBE LT Uz, L L5, TOB 100 mg/kg
BEOER ELVEy b b ETNI 28LDOFEENVE
v NOBENRHBBRTIE, BEARSHEERIZ, EREYEY
CEREINIEEVEy M bETNICFEELVEY b
M 1Pz 20kHz iTfRG L TR 6N Ici23 T, Z0M
DFEELVE Y MZEBED SNIh -T2, BEFS-1C
KE S WOERTIL, EIRENVE v MTT 3 BiSL
EYBEZENRRS UIcBA, FEE vEy PORE
TS 1 FETHBR U ¥ L BONEEMED
MENHENZHAE, B4 4 AEGERD 7 v UfE
WRBORER E, ZhicHinT 5 5 € L BiTAEEM
BaDE/NE BT H 4 FAERORIN % & b5 5 ke
BORARERPECTHEALVRBD ATV S, b
DIREHIEC > TtREOZE(LD 5 b, @41 EETH
WD T & L BONEEMIOMEKS, 20kHz TOEA
Rk e UTHEEVE » NOBNRARB THEL
5 AAIAEMEDS D B A3, 4 EHEEHEIMO T & R EIE 5
v 8 OREEL, 05kHz ¥ TOEFROENK
HRBR TS, FHEENVEY FTHERETH 5, LI
o T, EFHOMAORBHEBENRR DB T L LT
X, 125 % ) UNEOBERIZHAL »ITTEIIND,
BNRARBRORSE & RHEEEEOFR &3 X —' T
BEDPLAT, BELNEyY MEIBERZRTI 5K
#D TOB 2S5 UIHATY, EREVEY FORE
i35 TOB DEEIZIIEAE VD, H->Thabd
DTRELLIDEEZALNS,
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TOB OE#BRHEH: »BWRAR THET 512D IT,
Hartley RELE» iz, TOB (50, 100 mg/kg/H) &
GM (40, 100 mg/kg/H) & KM (100, 200 mg/kg/H)
ERENFN 4 ARBANTES LIZBE, XU TOB
(3, 6 mg/kg/H) % 3 » AFMHRAREH LIZHE, 35
iz TOB (50, 100 mg/kg/H) %ZIiEIRD AU F 70138
Ml 4 ARBIABARES UTtB AT, 20kHz
»5 05k Hz ¥ CORBMET ARBH 2>+ —vF
2 =4 —T, BEARFHEERZAET L L biC, K
THIT, NEAROBRIIAICE 2 REBERENRE .
BERTTIW, OXDX SR 2 AT,

1. 100 mg/kg/ A% 4 BEHRALESH LIcHE TO
BEgEmEE, KM 5§ B¢, TOB Hrhito¥,
GM B/ YE »o1z, TOB (50mg/kg/HE 100 mg/
kg/H) & GM (40 mg/kg/H & 100 mg/kg/H) & D4
AROHRETIX, HEBEEE, TOB 0i35>h GM X
hiEd» o1z, TOB DR HRARD LRD 5 mg/
kg/HD 10 {58 -, KM DK SED 20 mg/kg/H
DI EREZZNEFN 4ERES LIcBED BEiRE
i3, TOB D55 KM X h §Ed -7z,

2. TOB OERAKHERAR O 3 mg/kg/HE, Z
DOfERED 6 mg/kg/H &2 ZzhZh 3 v ARG LIt
&icid, BEARSOMER, 20kHz 3 CTOFE B K
FHRTBNTY, I EAEBEEBRICBOTL 1Y
AoNigho1,

3. IFIROAEIF 1013 ic TOB % 4 HEKE
U124, 50 mg/kg/ BOWERTIE, BEVEY +OD
BB s B, 2hh» b8 iz 33 LDk
HEEVEy PRI, BARFBEERZLIES 215
100 mg/kg/ HOHERTIZ, BEVEH bD75~83%
i€, 20kHz h 5 E 3 ENRFHEESS LGN, HEIRAT
YMBETIE, 50 %ICHEVERL 12, LM LSHS,
28 LD ENE v MZIL, 20kHz KRB UIZENK
Sipgsehs 1 LTy b1t ThH -1,

4. YUEDENVE Y b TR IIBIWRBROERD S
AT, TOB QEis#EHic s » NEEEZ, TOB 5mg/
kg/H T TOBKEERD B4 T3, KM 20 mg/kg/H
DEFEEROBE L H $ B, GM 4 mg/kg/HDHE
R SROBEL Y BN ZAbN%, Fi, TOB
5 mg/kg/H ¥ COBKRERIL, EiRPicBREINIE
ATH, BSHES 4 HURTIIRRORER T 5 &
BERCTRRIZIEAERNEBALNS,

5. TOB 5Ly + ORIESICIIEE XA LGN
A 2XPY felf
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OTOTOXICITY OF TOBRAMYCIN IN GUINEA PIGS

MasaTovo Axrvosur, Kucur Sato, Hozumr Nakapa, TeTsuji NARA,
Tavoko TajiMa, KazuNor: Sasakr* and Mikio Ocawa*
Department of Pathology, Medical Research Institute, Tokyo Medical and Dental University
*Shionogi Research Laboratory, Shionogi & Co., Ltd.

Ototoxicity of tobramycin (TOB) has been evaluated in guinea pigs by BRUMMETT, et al. (1971) and then
compared with. ototoxicity of gentamicin (GM) by BRUMMETT, et al. (1972). Their electrophysiological study
of the cochlear alternating current potential and histopathological examination of the outer and inner hair
cells of the organ of Corti on the surface specimens indicated that TOB must be considered to be toxic,to the
auditory system, and GM is more damaging to the guinea pig cochlea than is TOB.

The present authors performed the following series of animal tests for evaluation of ototoxic effect of TOB
on young adult guinea pigs and intrauterine guinea pig embryos.

Materials and methods:

Series 1: A total of 60 albino guinea pigs of the Hartley strain initially weighing between 300 and 350
gm were employed in the series 1 of the pres;ent animal experiments. These animals were allotted to the fol-
lowing groups and injected intramuscularly with TOB, GM and kanamycin (KM) in various doses for 14
to 28 days, respectively.

TOB : 50 mg/kg/day, 28 days, 10 guinea pigs

TOB : 100 mg/kg/day, 28 days, 10 (1 died)

GM : 40 mg/kg/day, 28 days, 10 (1 died)

GM : 100 mg/kg/day, 28 days, 10 (1 died)

KM : 100 mg/kg/day, 28 days, 10

KM : 200 mg/kg/day, 28 days, 5

KM : 400 mg/kg/day, 14 days, 5 (1 died)

The pinna reflex was measured with audiometer with the frequency range from 500 hertz to 20 kilohertz
(kHz) before, during and after injection of the antibiotics within a double walled acoustically shielded room,
to detect the occurrence of pinna reflex loss at the individual frequencies, especially in high frequency range
from 10 kHz to 20 kHz. At the end of the experiment, each animal was anesthetized with nembutal and
the thoracic cavity was opened in median line to carry out the intravital perfusion of the vascular system through
the aorta with physiological saline solution and then subsequent intravital fixation of the animal with Wir-
TMAACK’s fixative. After the intravital fixation the skull was removed and fixed in the same fixative for 7
to 10 days. The skulls were decalcified in PLANK-RYCHLO’s solution and the blocks including bilateral tem-
poral bones were trimmed. These blocks were rinsed under running water for 24 to 48 hours, then dehydrated
and embedded in celloidin. Serial celloidin sections of the inner ear were sectioned in horizontal direction.
Each 5 section was stained with hematoxylin-eosin.

Series 2: Six Hartley strain albino guinea pigs (300 to 350 gm at the start of the injection) were divided
into following 2 groups to evaluate a security of the recommended doses of TOB for clinical study in long-
term administration.

TOB: 3 mglkg/day, 90 days, 2 guinea pigs

TOB: 6 mgl/kg/day, 90 days, 3 guinea pigs

The pinna reflex audiometry mentioned above was performed on each animal hefore, during and after
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the injection of TOB to detect the occurrence of the pinna reflex loss at individual frequencies ranging from
500 Hz to 20 kHz. After the last injection individual animals underwent intravital perfusion fixation with
WirTMAACK’s fixative under nembutal narcosis.  The skulls of the giunea pigs are in process of celloidin embed-
ding for histologic examination of the inner ear.

Series 3: After confirmation of the presence of sperms in the vaginal smear administration of TOB (50
mg/kg/day, 100 mg/kg/day) to pregnant guinea pigs started in 2 week or in 7 week of gestation and lasted
for 4 weeks or 2 weeks, Pinna reflex of the pregnant and new,born guinea pigs was measured with audiometer
with the frequency range from 500 Hz to 20 kHz during pregnancy and after delivery. The temporal bones
were in process of celloidin embedding.

Summary of the results:

1. Series 1: Audiometrical and histopathological examination suggest that TOB is less ototoxic than
GM in administration of 100 mg/kg/day for 4 weeks, but more ototoxic than KM. However, ototoxic effect
was milder in guinea pigs received 50 mg/kg/day of TOB for 4 weeks than in guinea pigs treated with 200
mg/kg/day of KM and 40 mg/kg/day of GM for 4 weeks, respectively.

2. Series 2: All of guinea pigs received 3 mg/kg/day and 6 mg/kg/day of TOB for 90 days indicated
positive pinna reflex in the extensive frequency range from 500 Hz to 20 kHz. Audiometrically, pinna re-
flex loss did not occur in any animal of these received the dose of TOB similar to the recommended dose for
clinical study.

3. Series 3: Intramuscular administration of TOB (50 mg/kg/day for 4 weeks) to the pregnant guinea
pigs during early half of the gestition period or later half caused less frequently disappearance of the pinna
reflex in 20 kHz, and all of the new born guinea pigs indicated positive pinna reflex in the all frequency range
from 500 Hz to 20 kHz. On the other hand, intramuscular administration of TOB (100 mg/kg/day for 4 to
2 weeks) to the pregnant guinea pigs resulted in disappearance of the pinna reflex in 75 9%, and 83 9. Ad-
ministration of TOB (100 mg/kg/day for 4 weeks) in early half of gestation period induced abortion in 50 %.
However, even at such toxic dose to the pregnant guinea pigs, new born guinea pigs from the remaining preg-
nant guinea pigs received TOB (100 mg/kg/day for 4 to 2 weeks)showed positive pinna reflex in the all frequency
range from 500 Hz to 20 kHz, except one guinea pig which indicated pinna reflex loss confined to 20 kHz.

4. There was no remarkable damage in the vestibular organ in guinea pigs received TOB (50 mg/kg/

day, 100 mg/kg/day for 4 weeks and 3 mg/kg/day, 6 mg/kg/day for 3 months).



