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Table

1. The dosage schedule and survival times of rabbits of histopathological findings

Duration of Survival

Group Rabbit No. Drug & Dose/day treatment  time
5days F-1,F-2 FM 30mg/kg i. p. S5days 10days
F M| 10days F-3,F-4,F-5,F-6,F-7,F-8 " 10days "
60days F-9,F-10 FM 3mg/kg i.p. 60days lday
5days K-1,K-2,K-3,K-4 KM 200mg/kg i. p. 5days 10days
kMl 10days K-5,K-6,K-7, K-8, K-9, K-10 " 10days I/
t 30days K-11,K-12,K-13,K-14,K-15 " 30days 1lday
| 60days K-16,K-17 KM 20mg/kg i.m. 60 days I
5 davs FK-1, FK-2, FK-3, FK-4 FK 30mg/kg i.p.& KM 200mg/kg i.p. 5days 10days
Y$ |FK-5 " " " 2days(died)
FK-6, FK-7, FK-8 " " 7 days 10days
FM!| 7days {FK-9 " " " 2days
& FK-10 " " 6days(died)
KM FK-11,FK-12, FK-13, FK-14 " " 10days 10days
10days {FK—IS " " " 2days
FK-16 " " " 4days
60days FK-17, FK-18 FM 3mg/kg i.p.& KM 20mg/kg i.m. 60days lday
S M\l 10days S-1,S-2 SM 200 mg/kg i.m. 10days 10days
FS-1 FM 30mg/kg i.p.- & SM 200mg/kg i. m.  4days(died)
F&M 10days FS-2 " " 6 days (died)
SM FS-3 " " 7 days
¥S-4,FS-5 FM 30mg/kg i.p. & SM 100mg/kg i. m. 10days 10days
GM| 10days G-1,G-2 GM 20mg/kg i.m. 10days 10days
FM
& ll 10days FG-1,FG-2,FG-3 FM 30mg/kg i.p.& GM 20mg/kg i.m. 10days 10days
GM
Control C-1,C-2,C-3 Saline 4ml/kg i. p. 10days 10days

FM=Furosemide, KM=Kanamycin, SM=Streptomycin, GM=Gentamicin

DHEGHCE R LRI L, MFBKEE, LA FE
MIFIDIR A% hL AR BB T Wizt L, ENGSTROMB'®)
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RoD7 3 7 EBEGER L O BB T EEDORA T
5L00%L, EBRPTHATTH IO, £FREDO
B, FEAFPHUACEER D28V
DO HZ bR, Tiibb FM-KM §FHBETIE 2 M5t
©=l, 13 (FK-5) 35K TH2 AARIEEL, AF
BLOFORFLT b, o 13 (FK-10) %6 [H
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D4 HIRBE DT, FK-9 %Xt FK-15 12554
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T#H2HBHEK, FK-161% 4 H HWCEE Lo FM-SM ff
FBETIE FM-KM SRR LT g ~0FE B <,
SM 200mg/kg #5D3FD 5 H 2 Pht4[E (FS-1) &
X6 [E (FS-2) DESHTIL Licic dDREMAMRFAIR
FiXfTieH 3, o 1P (FS-3) R&HRBELOLD
7 EESHERICEE Lico FM-GM ff BT 2B T
BORAEEI LN, AEREETTRIECT 58
iizkﬁiltiﬂ‘ofCo

WERTR : FM BRI B & Akt B EMaciifE
FRD LR ieh ot (Fig.1,2)o KM BT 5 Bk
X0V 10 B S HIIEERIZRD bhith o bt (Fig.
3), 30 HB G TIRELBWCTHEE MR O BELE
%, TOEEIEERECHL, LHEERRES COh

Fig. 7.

TELIto T (Fig 4, 5), BEERMEITEEEEDO—
MWRBLTWBb00b, £EEBCERLTVS30
T, KERAFYFERL TN, —F, FM-KM ff
AT, 5 ARSI EBHAROBEEIIZD D
high oted, 7 BRI SHTR LY IEE L,
Z OEEERFH KM 30 B B#SFRCIEEL TV iz, 10
BRI CEZRIOCHEE L), HHEEEC
BEENRER LTS3 00% L Abhic (Fig. 6), K
FERECEV#5 & (FM 3mg/kg, KM 20mg/kg) ©
OHABC O A EBHBEOBEER AL, T,

SM Bl R EMICEZ XA b hith oo FM-
SM tABECIE, SM 200mg/kg HEBEONEHEZIT 1
T Eiovy, EEEEOR 1/8 ¥ CoHF ELfack

Damage of the outer hair cells (1)

BB : represented an extent of the outer hair cell damage.

R : right cochlea.
FM 30 mg/kg

5 days R

©

L : left cochlea.

FM 3 mg/kg

60 days R

F-1 =2 F-9 F-10
10 days R@ @» @
F-3 F-4 F-5 F-6 F-7 F-8
KM 200 mg/kg
5 days R@ 4@» @
k-1 k-2 k-3 k-4
K-5 k-6 k-7 K-8 K-9 K-10
R E E E
30 days
L i % %
k-11 K-12 k-13 K-14 K-15

KM 20 mg/kg

60 days R

K-16 K-17

@
@
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Fig.7 Damage of the outer hair cells (2)
HER : represented an extent of the outer hair cell damage.
R : right cochlea. L : left cochlea.
* : omitted from histopathological findings being dead.
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Table 2. Distribution of kanamycin in body
fluids 4 hours after a single intraperi-
toneal injection
Kapamycin | Frosemide &
(nglg) (uglg)
Serum 254.58 +35.13(8)[516. 92 + 42. 03(8)
CSF 7.63+ 1.93(5)| 15.85+ 4.66(4)
Perilymph
(Scala vestibuli)* 29.25+ 3.29(8)| 52.81+ 6.62(8)
(oAt Pl aniy* | 25:88% 3.51(8)| 60.37 9.11(8)

1. The values are expressed as mean+standard
error.

2. The number in parenthesis indicates the
number of rabbits.

* Results of right and left ear averaged.

Table 3. Distribution of kanamycin in body
fluids 24 hours after a single intraperi-

toneal injection

. Furosemide &
Kanamycin

Kanamycin
(ug/e) (ug/g)
Serum 0.00 (3) | 0.00 (4)
Peril
(§§;l§“:}f;tibuli)* 4.2740.23(3) | 8.49+1.47(4)
Perilymph

2.88+0.23(3) | 6.28+0.76(4)

(Scala tympani)*

1 The values are expressed as mean + standard
error.

2. The number in parenthesis indicates the
number of rabbits.

* Results of right and left ear averaged.

% (kWD KM BEI,
1ZIF—FK L T2,
o pgIRAYATE : FM 2, KM 5 A% X 0% 10 A R
ERETIE, NBREERLCERRADM oo KM 30
AEREH TR TREOIKBAAYEL T
FM-KM BT, 5 BHBEHTRERV LhEE
OREGBEYEL, 7 R X010 B & 5HCREE
COREGEEEYEL T33O0 %5 o o SM BER
GM BRI E S RELRD I d 5 e ’, FM L opf
ARTRBEERV LPEEORKBEAERYEL T i,
EOFEMAMETTR : FM BT 2B h i IREE &
HE Ut a B Tes 5o KM BETIZ 10 B RS-
® 6 P 13 (K-10) i E R RSB T, Eko
BOWA & EEOHEE - FENZ DR, 308 MBS L
5 TRE I LB oizsie, Kk oz g
#, RIFROTHEULHENED bR (Fig.9), FM-
KM GtHBECIR R S 1M LR A DR L i3 B 3 L D FF

T ETIRATI » T RERBUE &

Ligws, EHn bR LRRAS bR, Thbbb
A5 Db OTHEMRMEELO LEVEAL, B
DHEE LIS DML, REOREME,NE L kikE
21, BEACIIHEE L LR S %2 o7 (Fig. 10),
7 BEBESTREENESE LD, AMRMEEREG
T HETh LEOEK, Wl WTEEN 8
RERBHON, FEMNFRATPEATACR=F VT
BWHE, MTHEL2ETHARCEENEOERLEA LRI
(Fig.11), 10 HRE#45 D 23 (FK-15, FK-16) TI&
BEIIOCEELLD, BREHEOL QIARRIEEY
iy, BEIHOHEAFCEMEME N CER LTI
(Fig.12), ZFDidNERR~ v VREHXIEKL, £
Lerkrhic=vov THE, PAS Bt sl
B HEE%» B Nephrohydrose &\ A% 2 LT\ oo
7e¥ Azan-Mallory FefafATIL, XIREE O ALK
Bl ek 5 B BN TR LT 25, KM
10 A i 50 —#8 (K-10) & 30 HE#L- 0 £8% T3,
SHBTHBENHEE L TERRAEYEL, IOREANT
HEECa > T 5 ERRREOALZEL, BHEoELLW
MRk hoREEN AL bR, REXREKREYEL
T &5\ 3 R/hofREEiN: H-E Jvta oMt
THEHEOFRIC—F LT\ oo BRIRER BTV &
Ti%, KME (K-16, K-17) widsa i RAE BBz oL,
BoR E2BHICH, prAR (FK-17,FK-18) Tz h
b ORI EROZE Y, R L xR
SRER 2 R ANE B O BN E RTIT— RIS E L L B
e AS, 7 BREISS X U010 HREIBFABE TR BR (b DR
DFldl e, Bowman PRI, IEMNBD DRI, SM
B, GM BETIRELRADIH, -7, FM-SM AR
¥ L0t FM-GM BtREECIL, ERAEOEREN
WL L ARERGEMME L Bowman ZDIRIR s £ 23588
bhito ThboEEgr FM-KM A bR
P LEML T, ME, 2B RME OliEEE
% Table 4 c—¥51L 7%,
*# "

1) PHHIc X 2 NEEEH#ECOWT -

EREEEIEFIRF & 7 § JEEBGER L 0L %
SRR OV TIE, 1969 42 MATHOG & KLEIN' »%
EA b7 3 7 EBEGEEHR (SM, KM, Neomycin) #{#f]
U, EEfosnEs ¥ fc L RBERE D 3EAT#E L
DX U ED, LD JOHNSON & HAMILTON'® 3
EA L KM % SM & ©offf], MERIWETHER 5!93 EA
& KM % GM » o fftFC X 5 8BEEG > & LTV %,
¥l EA WX 28BEORB ¥ #WE Lic SCHNEIDER &
BECKER?Y, NG 529, 35X U8 MATZ LS90EFCIE,
WIhd 7S EEEEANERIRTHBDT, £k
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Fig.1 Magnification x400.
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Fig. 4. Magnification x400.

Fig. 2. Magnification x1000.

Figs. 1 and 2. The organ of Corti, 1/4 coil
from base. This animal (F-6) was injected
with 30mg/kg of furosemide for 10 days and
sacrificed 10days after the last injection. This
specimen shows no damage to both outer and
inner hair cells.

[HC=Inner hair cells. 1,2,3=First, second and
third rows of outer hair cells.

Fig.3. The organ of Corti, 1/4 coil from base,
focussed on plane of the hairs of inner hair
cells. This animal (K-5) was injected with
200mg/kg of kanamycin for 10days and
sacrificed 10days after the last injection.
This specimen shows no damage to both
outer and inner hair cells.

IHC=Inner hair cells. 1, 2, 3=First, second
and third rows of outer hair cells. Magnifi-
cation x 1000.

Fig.5. Magnification x 1000.

Figs. 4 and 5. The organ of Corti, 1'/, coil
from base. This animal (K-15) was injected
with 200mg/kg of kanamycin for 30days and
sacrificed a day after the last injection. All
outer hair cells are damaged but inner hair
cells are intact.

IHC=Inner hair cells. 1,2,3=First, second and
third rows of outer hair cells.

Fig.6. The organ of Corti, !/, coil from base.

This animal (FK-13) was injected with 30
mg/kg of furosemide and 200 mg/kg of kana-
mycin for 10days respectively and sacrificed
10days after the last injection. All outer
hair cells are damaged. Outer hair cell
damage of combined administration rabbits
for 10days is severer than that of kana-
mycin administration rabbits for 30days.
1,2,3=First, second and third rows of outer
hair cells. Magnification x1000.
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Fig. 8.

Proximal tubules of normal rabbits kidney
Magni-

stained with hematoxylin and eosin.
fication x 100.

Fig. 9.

Proximal tubules. This animal (K-11) was
injected 200mg/kg of kanamycin for
30 days and sacrificed a day after the last
The figure shows decrease of

with

injection.
epithelial cell nuclei, irregular desquamation
of tubular epithelia and brush borders, and
vacuolar degeneration of tubular epithelia.

Fig. 10.

Proximal tubules. This animal (FK-3)
was injected with 30mg/kg of furosemide
and 200mg/kg of kanamycin 5 days
respectively and sacrificed 10 days after the
last injection. Tubular lesion is approxi-
mately equal to that of Fig. 9 which shows
tubules receiving 200mg/kg of kanamycin
for 30 days.

for
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Fig. 11.

OCT. 1977
Proximal tubules. This (FK-9)
was injected with 30mg/kg of furosemide
and 200mg/kg of 7 days
respectively and sacrificed 2 days after the
last The figure shows diffuse
degeneration of proximal tubules ; i. e,cloudy
hyaline droplet

animal
kanamycin for
injection.

swelling and degeneration

of epithelia, desquamation and destruction
of epithelia,
tubules.

and hyaline casts in some

Fig. 12.

Proximal tubules. This animal (FK-16)
was injected with 30 mg/kg of furosemide
and 200mg/kg of 10 days
respectively and sacrificed 4 days after the
last This
extensive necrosis of
lumina are filled with degenerated masses
These
only proximal

kanamycin for

injection. figure shows severe
tubules. Tubular
masses can be
seen in tubules but
distal tubules and collecting tubules of the

with calcification.
not

medulla.
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Table 4. Summary of renal histopathological damage
Drug administration Renal || Drug administration Renal Drug administration Renal -
and rabbit No. damage | and rabbit No. damage | and rabbit No. _damage
FM30 mg/kg f K-13 + FK-18 H
5 days i_l - E'i‘i T | SM 200mg/kg
od F‘z - 15 t 10days S-1 +
ays Fj - KM 20mg/kg | S-2 iy
F-5 _ 60 days E’ig = | FM 30mg/kg & SM 200mg/kg
F-6 _ - t 10days FS-1* /
F-7 — FM 30mg/kg & KM 200mg/kg FS-2* /
F-8 - 5days FK-1 + FS-3* = 4
FM 3mg/kg o FK-2 T | FM 30mg/kg & SM 100mg/kg
FK-3 + ’
60 days F-9 - 10days FS-4 H
FK-4 H ,
F-10 - j FS-5 +
1 FK-5* /o
KM 200mg/kg | 7 days FK-6 H#+ | GM 20mg/kg .
5days K-1 - FK-7 W 10days G-1 = —
K-2 - FK-8 + G-2 -
K-3 - FK-9* i FM 30mg/kg & GM 20 mg/kg
K-4 - FK-10* Ht 10days FG-1 -+
10days K-5 — ‘ 10days FK-11 + FG-2 o+
K-6 - FK-12 + FG-3 +
K-7 — FK-13 + :
K-8 - FK-14 + Control (Saline 4ml/kg) o
K-9 . | FK-15* i 10 days C-1 -
K-10 + FK-16* e C-1 —
30days K-11 + FM 3mg/kg & KM 20mg/kg c-3 -
K-12 + 60 days FK-17 +

* FK-5 died 2days after the dosage completion.

died after 4 injections.
pletion.

1% FM %% 50mg/kg CTIXfEEIX ] g;&—c@am

FK-10 and FS-2 died after 6 injections, and 'FS-1
FK-9 and FK-15 sacrificed 2 days and FK-16 4 days after the dosage' com:
FS-3 sacrificed after 7 injections.

100

NOERBECI b LTHEL 2EEFR LB &
PEEHKS . U EOBKRBEDOFRIIVEDT 7
FLREASEA O OF B T AB B B L TW S EADOH 5
CLAEHSRB. ERAICIE WEST 520 piei e,
M EA 40mg/kg & KM 400mg/kg L% 1E# 5L,
NEEZEZOFRBETHZ L2WME LTV 5, ¥ PRAZMA
523 EA ¥ KM TESAEZMC, FHOIIMLEA L
DKB CHEMABRFHCHFEEEOHRT I L @i E
LTwb, 2O THHELIX EA L DKB O ft I A
bhaBEEoNEEEOKERKNL, DKB B k&R
B R OZEHBCELL, MELCIRA LEEY
Xl EWEDRT B,

—7, FM &7 3 7 FEeBEGREER & 2 0F R LIcB & Ol
RHEIXBIED L & HRY L IcW 23, RRIICIX BRUM-
METT 5223 FM & KM 400mg/kg 1E# 5 CH A
EHRCEEORDZEXBEL TS, ZOFTHEHE

mg/kg TIXEETHHZ &, EA 0mg/kg TR Sk
EoEsE L REEOEEY FM %2 AVt i, X5
CRBEOEGHLETHD LD, 20T MR
WEXZRVEBHRTRAEVWHAEDORTW S, SEIOER
TiX, FM 30mg/kg % X0 KM 200mg/kg % Zh %
B 10 B &S TRV E BMIRCEEILRD bih it
WA, ThboERIRHATS L7 AMTTCREED
[EERER SR, FOEEFHEL KM 30 A HEEO
BEFECL# L Tk, 0BHOE TR LOMEIRES

BELIL>Twho ¥l SMOBA L BMTIANEE
MlgcEEYEIRVETH-Th, FM LOHHTH L
HOLMEELELTL 50 LHrLGMOBAIZSEO
KREHETIRHARCR T A FEMRCESE 220
3, FM 3mg/kg & KM 20mg/kg OEERE BT
WRGETH, ARSI AEMRCESRED LR
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eWh, Zhicd b b ARCEE oEE
DERINDIFERIL, 2BEHOMAC L - THEESE
OHRTHRENLFBETIIDEEL OIS,

— 7 3 JEREGEAIC X sNFEEIAEENR
CHRINCE - TL 52, LoOMEREENETHL,
LHERRRE S oh TRE L2519, SEIORERTH
bhIcES KMBERS IO FM-KM it L ez
LOBEC—HTHIDOTH D, SN EEHBEOBEERESK
IR OMCEAN 2R3, 6o TR
T2 DEBD LRI oo ok, WHMESKICD
WU ABFNCRH LBRET5FETH %o

2) PtHR X 2HNEEEEROFERICDWT

BRI FIRA & 7 3 VG ER ot X %
AEREEHEHROFERICOWTL ERHEE S h T
B, BEETROII>RTENELDRTER, Ticb
b, ATPase RBOBRMHEMFLECESFELTND
7%, EA X FM % Na, K-ATPase #fHE 12, Ffo—
7, KM %% 4D ATPase #[HETS L\ 5 HEM
), 2 EEFAOF—FEERERNOEEN, HHEEEER
DEATIXIR VA ETHHND B, Fh7 3 ikl
HERF O NE M3 2 HEABBEEERC, FIRA
DL ATPase BREFEMAL X & THEBIEMROHEM, »
DWILFIRFIC X 57 3 7 EBEGERONF B~ D&
EOBLT - Bl ENZTORREETE I EZ 2L H
Z) 15)o

4Bl KM BEOEREERRT, 1EHESRONER
o KM gEix, FM-KM §fA#ECI 4 BEES X o° 24
FEREE d KM BECBRTH 2 fSDBER R LTV i,
SHOROEARTIE, 4ARMECHER KM BEIRgESE
FEDIZ D HIRTRERE & D RBETH olco BBE L
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POTENTIATION OF COCHLEAR AND RENAL DAMAGE
RESULTING FROM FUROSEMIDE AND
AMINOGLYCOSIDE ANTIBIOTICS

Iwao Outanr*, Kouser Oursukr*, Takeo Omata*

Jin Oucur* and TaAkeo Sarro**

Department of Otorhinolaryngology, Fukushima Medical College* and
Department of Pathology, Tohoku Dental University**

The purpose of this study is to make the precise observation of the severe ototoxic interaction
following the long-term combined administration of furosemide, one of the new potent diuretics, and
aminoglycoside antibiotics (kanamyecin, streptomycin and gentamicin), and to make clear the mechanism
of the ototoxic interaction using rabbits. In order to confirm the mechanism, the concentration of
kanamycin in body fluids (inner ear perilymph, serum and cerebrospinal fluid) after single injection
of kanamycin with or without furosemide is studied, and histopathological findings of the kidney with
long-term administration of drugs are carried out. The results obtained are as follows.

1. Severe outer hair cell damage has been shown to occur in rabbits following the combined
administration of furosemide and aminoglycoside antibiotics (kanamycin and streptomycin). At the
doses used no damage of the outer hair cells was detectable with furosemide or aminoglycoside
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antibiotics alone.

2. The kanamycin concentration in each of above-mentioned fluids was very high in the group
receiving furosemide and kanamycin as much as that in the group receiving kanamycin alone.

3. Histopathological examination of the kidneys showed severe tubular necrosis in rabbits that
received both furosemide and aminoglycoside antibiotics compared with rabbits that received furosemide
or aminoglycoside antibiotics alone.

4. The mechanism of the ototoxic interaction following combined administration of furosemide and
aminoglycoside antibiotics was discussed from the antibiotic concentration in body fluids and from the
renal histopathological points of view.

5. Severe damage occurred in not only the inner ears but also kidneys when both furosemide and
aminoglycoside antibiotics were administered to rabbits in even small dosage. Therefore, the admini-
stration of both drugs may be dangerous in patients.



