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SUMMARY

This paper reported the moleculal m-
echanisms of ototoxicity of new type
of aminoglycoside antibiotics (AGs) usi-
ng with guinea pigs. Affinity chromato-
graphy was used to isolated AGs rece-

ptors from inner ear tissues. Fractiona-

tion of an inner ear tissue extract dem-

onstrate two compornents with high a-
ffinity for AGs : phosphatidylinositol ph-
osphate and phosphatdiylinositol dipho-
sphate (TPI)). 32P-incorporation of TPI
in the organ of corti was significantly
decreased in guinea pigs previously tr-
eated with AGs for 21 days. The add-
ition of AGs to the perfusion fluid re-
sulted in a dose-dependent increase of
tissue permeability to the radioactive

precursors, and a specific decrease in

The department of anesthesiology, Shiga university

the 32P-incorporation into TPI in stria
vascularis and organ of corti. Moreover,
AGs coused the most rapid decline of
cochlear microphonic potentials when
perilymphatic spaces were perfused for
lhr with ‘artifical perilymph’ containing
AGs lysotriphosphoinositide (LTPI), an
oxidized product of TPI could from a
Ca** —regulated monovalent cation cha-
nnel in planal membranes.

It was clearly shown that AGs profou-
ndly suppressed the K™ -permiability of
LTPI-channel and that the drugs were
a competitor with Ca**for LTPI-channel.
The implications of these findings for
the ototoxic moleculal mechanismes of

AGs are discussed.
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1) B3 Ralubino guinea pig (BW,
Ca250gr) # Hw72,

2) f#HAGs & | CGentamicin(GM), Sis-
omicin(SISO), Dibekacin(DKB), Strep-
tomycin(SM), Tobramycin(TOB), Mi-
cronomicin(MCR), Amikacin(AMK), K-
anamycin(KM), ASTM, NTL o 10fE%H,
%t#E & L Sulbenicillin(SBPC), Chloramp-
henicol (CP) # & M HHAMEHARICH bE&
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phate %12 72 AILA1) > o sililc E e L &
TEAGs & LI BERN B &HR L Y 5B o8
i PP oMLY A4 % #rEd, HiC SDS-
gel electrophoresis<°DEAE-cellulose
ZHWTTPI~D®P W) Ak % L 1AM
ICRESL 72, 2 OBREFEAGs %0 2 TPI~
7B2PHL ) A A %= Mead L 7z,

(b)& 512, guinea pigs % FREFSERELR
Z DT MHEATHR, SHEAGsEINZ 72 AL
SR ol R VRBLL WE A B & B L
ear phone % 4 L C20~4000Hz ®»white
noise | # % 5- 2 200~ 300uv D IHAS 2 &
nd L)Ly R EMmz A Lco-
chlear microphonic potential  fpk#i a1
BEUERCAR L 7o, F o, AFEBERTIITPIE
%314 % phosphatidylinositol i&-4 i % n-
hexane-ethanol-chloroform (80:5:15, v/v)
{8l teflon beaker i & & L 700C,
12K B #LER | 72s0dium chloride Tion
8% #0.212 » b 72pH=7.0050mM s-
odium 4-(2-hydropy ethyl)-1-piperozite
ethanesulphonic acid(HEPES) & 1mM
Ca**100me TfE# | 7zsubphase & &1 5k ,
BT T subphase (2§11 & 3mbiE4 3% &
B & W5 % magnetic bar THLZT-BEAH
BLEZWEIWo ) &AL D OEHEA-
Gs #IEALERHEEDE(LZHIEL, £
AGsic & 5TPI #5 FEHFREERINE &
cochlear microphonic potential ?£&#& A
Gs WNEAEBMIERIC L 5 2LorEBE
REMET L 72, (¢)&FEAGs L TPI ' #5&6
% Z kliguinea pig |232P-orthophospha-
te ZIBFIL 7250 > B CNE 2R LA
H % #5141 mbonchloroform-methanol (1:2,
v/v)Thomogenized % &I #E % it L %
& AGs# coupling L 72chromatography
\2 A7z B thin layer chromatography
12 K FdEfE{EIC LV 2P #auto-radioauto-
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AGs% AT 2 2 L 2D D2, (d)TPID
oxidized product T 5 lysotriphosphoin-
ositide(Lyso-TPI) # fg’& — & & 1= Sokabe
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Fig. | The autoradiogram pattern of

thin layer chromatography of cochlear
lipids separated on immobililized NTL
fractionated various ion strenghth sol-
ution. Cochlear tissue of a guinea pig
were laueled with 32P by peri lymphat-
ic perfusion.

A: Aliquots of the extract, and the c-
olumn fraction (B - E) were separated
by the thin layer chromatography and
the above autoradiogram was obtained.
B: The sample was collected while the
extract was applied to the column.

C. The sample was eluted with 150mM
ammonium acetate in chloroform-metha-
nol-water =3:6:1 (vol /vol)

D: The sample was eluted with solvent
containing 600mM ammonium acetate.
E: The sample was eluted with Chlor-
oform-methanol 15N NH«OH=3:6:1 (v-
ol / vol) The detail method Wwas des-
cribed in our separated paper.

2) %FEAGsIc & 2 NETPI~N*P B A%
D] 32P-orthophosphate # N E #}) >~ <K
L LIERB VT HE(FBME), MEFE, 5
A HTPI %13 & & 3 % phospholipi-

des D7 BHEIHD Y DO EEEILE ZT B
»HEE L 72 & = A TPI & phosphatidyli-

nositol phosphate 74 FEAIC BB % 9 1
72, (FEFRENE) 2 VT 28 OTPL R bIL &%
FEAGs NTERMTHY v o2 RS D Z
& T % 9 1 72 SBPC %CP i TI3
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#Hl% 51T %edh -7, (Table 1)

32P-incorporation into TPI
Antibiotics Dose Contro! animal Drug treated animal
(mg/kg) (Liptd-dpw/HC]-soluble dpm x 10°)
GM 0.8 7.4%2.1 5.6%£0.4
SIS0 2.0 7.5%1.8 6.2%0.3
DKB 1.0 7.4%1.8 5.8%0.5
SH 5.0 7.6%1.9 4.9+0.3
ToB 1.2 7.5%2.0 5.8%0.3
MCR 1.2 7.4%1.7 6.4%0.5
AMK 2.0 7.3%£1.9 5.8%0.6
KM 5.0 7.5%1.8 5.0%0.2
ASTM 4.0 7.4%1.6 6.3%0.5
NTL 1.5 7.6x1.5 6.4+0.3
SBPC 100.0 7.5%2.0 7.5%2.4
cP 10.0 7.4%1.7 7.5%1.9
Control ) 7.6%2.1 7.7£3.0
Table | Effect of in vivo AGs treat-

ment on 32P-labeled inner ear lipid. E-
ach ten guinea pigs received various A-
Gs (The clinical using dose/kg) for 7 d-
ays. Perfusion : 2504C 32P /m¢ Incubation
45min. Data were showed the mean v-

alue £S.D. from 10 guinea pigs

3) £#EAGsI|Z & % cochlear microphonic
potential & TPl Horf B mEER AR N
THBIBIFR

Kiz, NTL #&HL 722 v B THE
EEHBMBZERYT 5 L ERREORSIEL
“Ccochlear microphonic potential D& T »*
Booiniz, —F, MBELTSBPC { L<
13CP % &H/ L72sY) v S TRBRICER L
72 ¥54A-cochlear microphonic potential DK
TRECRO LML EANZRML % -
Xt & B L EBEIIRRD SN h o 72,
(Table 2) :kiz, TPICfE#LL 7-H45 T

ICHENIHTR#E L 72 ko &k ) FHEAG-
s ZRMY 5 L TPICER L 72 B FRDFR
HEEDHEMIZFED-, —F, SBPC, CPo#
MMTIERAEDEMIZERD SN L b - 72, (7
RA)NTL 24ic & 5 NTL 2&FL7
541 ol TR E NEBMEZ R L 7254
& & 1A cochlear microphonic potential 7
T & TPICTER L 7 B4 FEAONTL HEA
o & 2 REEMMEANTL R el LED
FHRAREfR 2 R L 72, (RERAHE)

4)Lyso-TPl &4 M8 —JgE—1Mion ch-
annel|zx}9 % ZFEAGs DB

4an at 32uM Loss of cochlear microphonic
Antibiotics Dose during perfusion
(mg/kg) (dynes/cm) (Percent loss at 30 min)
GHM 0.8 6.8%0.2 48.2+3.7
SIS0 2.0 5.8+0.3 42.6%2.1
DKB 1.0 6.3%0.5 44.1%£2.4
SH 5.0 8.4£0.6 64.9%5.1
TOB 1.2 7.1£0.3 19.6+3.2
MCR 1.2 6.2+0.2 40.3%2.6
AMK 2.0 6.5+0.3 41.8%3.9
KM 5.0 8.6%0.5 65.3%5.4
ASTM 4.0 6.2%0.2 40.8%+3.5
NTL 1.5 6.1%£0.3 40.2+3.9
SBPC 100.0 not detectable 6 8+0.3
cP 10.0 not detectable 6.5%0.5
None ) not detectable f‘ 9+0.3

Table 2 Effects of AGs on monomo-
lecular films of TPI ten experiments w-
ere repeated. Ar was calculated by the
figure obtained from the effects of AGs
on surface pressure of TPI films. In-
creasing amounts of AGs were added
to surface of mononuclear films of T-
PI. Displacement constants were calcul-
ated by Lineweaver-Burk analysis. T-
he data were showed the mean value
+S.D.

J&2, Lyso- TPIIRE g Itic 51 5 £HEA-
Gs DB & —iibs A A > TdH 5K ionniEi#
TEDBIRICBE L TREF L 72 & Z AW T HnA-
Gs b BEKFEIICK DRIEDZE @M 2 1
L7z, (RERARE) 16 L CNTL ZKfaEe
7 Lyso-TPIIaE — g & i %43 2 Krioni& i
DEIFIZ Lo ¥, (Fig. 2-a) Kkic, Cati-
on N#MAGsIZ & ) 1= 52 &1 5Kron
EETER T ~OBEICB L TRETT % £ C-
ation DHEMIILFEAGsIC L) VEBZ &N
5Krion miE@ T % Catrion JEEEKAFHY
R EH LD L o7z, (1—relat-
ive conductance) X100 CCationic & % & f&
AGsic & 3 K*ion s& @t n %block % 4 & &
% &, %block ¥ (£FEAGs) 1,/ 2 »doub-
le reciprocal relation |3Cation»sTE i 7
double reciprocal relation MO £1% thES
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Fig. 2-a A typical example of NTL
effect on the K*current through the m-
embrane modified with LTPI electrolyt-
es, 200mM Kcl, 1uM CaClz, 1M LTPI
10mM Tris-molate (pH 6.8). The curr-
ent was recorded with applying +5mv
of triangulal wave supplled from a fu-
nction yenerator. Arrowed indicated t-
he time when a small aliquot of conc-
entrated NTL was added to the solution
on the side of membrane.

Flg. 2-b Conductance enhancement i-
nduced by a release of channel bound
Ca™ with an addition of EGTA. The
added EGTA decreased the concentrati-
on of free Ca*™ in the bulk solutions
from ImM to approx. 1xM. The incr-
ement of the current was assumed to
be aroportional to the member of Cat
bound LTPI channels.
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Z DRERIZAGsH EREACalt S AL TAL
rrEzZons72H 1M ~ ImM 7HCatt
Er7i b ko EGTA T free »Cation
ZHE L 72, Z0EA&KHon o EE@ED -
a‘:q‘—ﬁ‘l,uM Miree Cation TiEOH SN2 &
= & 0 free mCattion|z L V) fEK*ion &1,
E]]t), K+ion channel 2s# i & 41 Cv~5 0] HE
HpsREe &7z, AGs HKrion o) fEE sk
ISR REI IS KE A L T 5 Cation #f
AGst HAMICEBREINHERELZL DT
B wh bEZ SNz, FEOBENA-
Gs #EGTA —free CationifE % 1.M»: &
ImM & L7z Rz i K E@iE % et s
5 L REEDAGSH M TIZEGTA Tree
Cattion #BrET 5 Z 20k DAL 5 BEKY
ioni%E @M % [E1E 24 5 %, HiIEEAGs TIzK*
lon D ERE 2 52 S L hr 72,22
TIENTLTcopdE % 16 & L Ono§(Fig.
2-b) .
% %
RERTIIEHZEGENEFEAGSE W T
FEAGS D57 T8 7 AGsTEFIEICE L
Mat &z 7z,
TPLIZ— B9l Es TI3FR L3O L7 S
B & BRI R TR RS T3 AG
AR MR A BE L BE
% LT o FEMEEICFET 52 TPIAAG-
sdreceptor & L TEAL T V\Z:)“o DT Eh
LAGSHEHEMREAEBRFIRE I N T WD,
2B TPl L AGsHséaag, AEILTPIo 2
EDKEEEE & AGs 2 fEldamino FAH 5% 3
A2 T2 2 & &) AGSH HHHEICBIL <
AGsH"WETPLIC/ERE L BEHMEXRET L D
TR Wt BEZ TAENEREZT- 72,
512, FICBAR S N AGsI HEMED R &
WHIT DA, BCRIL2BE, AGs
12 & 5 BHMBEI RO b N TR, 25
21 BUN, creatinine FH-2588 &5 70 v
s s CAGSTERFML T H 5 Bk MR MERIF
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EED,) AR S N E I
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FEAENEERMRICEE 252 TW 30Tl
TWhrtEIRE E2To72,

F£E, AGSEEMN) > THEEEMI
ZEERT 5 L TPIA D32 P DOHLY A A DI,
Bl 5 TPL ooturn over A8 % 91+ 72, (Ta-
ble 1) Z »fEHRIzin vivo KE TR L7z
EBRAEREE—TH L Z L5 AGsHTPIA
D3P L AA E T B 2 & AGsH HE
HEICBEE L TWa Z R E i z,,? neomy
cin # WM EEENFES, 5 TPI A
D3P DELY A B DI DR FEI R T &
FHBET 5 & v ) %Eﬁ%ﬁ%é‘%ﬂ neomycin &
HEHBIEDIFZED & TPL D3P HL 1 A Z 3]
k cochlear microphonic potential DK T A%
BT & CHIBIT 2 & v O KBRERL 0%
2HEBEMTE, ELICHNEFEMBERSE
BT &MEAGs % BT L 72854 Dcochlear mi-
crophonic potential & &, TPICESR L
B FEAAGSIC & 5 REEMIC BRIFLIE
DB RS b 722 & (Table 2) (2 TPIA®
AGSHNEREICEE L ZEZRL T
ZEETRT B,

Lyso-TPI % #Ha AN 72eE g+ ¢C-
ationic & V) FAEI % 9 | 5 —ffifion chan-
nel 2Rk & 113 5%, AGs(3Catt ion & 84 L
Ktion &M # KT &%, AGSHORIERH D
RS LBV Y LD Lo Tz,
(Fig. 2)

DEn#sR & ) AGs e TPI # 4 L CHEEME
Do THEYF I L EE T 5 &, Schacht
(ZAGsH TPI DA 1R L BB, 5 hE
ZIHIT 52 &, AGsHTPILIz#A L 72Cat
ion (WAL THSEELZRETLI L) 2
DR H T T 258, Cat ion »*AGsH
BHEEFRLIEL LR IHMONALEBET
&1 Cattion & AGsHf #EEIFEAEIC B W T

LWETPI TR LN 720 & EROBARE
% LT ok, %72, 4EOLysoTPI
&% Fv7zCatt ion » AGs DEEFE M~ Do
M (Fig. 2) L D AGs (ZINE A EH/Hg TP-
Lo 24l o sk 3k & AGs o) 2 i »amino # % 4
L CiHfi7cion #4% Lo L TPIoturn o-
ver #{E1k3w5 2 Lick ), TPImnCatt
ion ##A&T 280 TPI L AGsh AT 5
Z ik &b nCation DA A L F
Cat ion DA L) £ L 2 —fiiffzion
channel % B3 K*ion & F#E N HA A
L% %), IR &% B 0MEAD
eSS THEME ~F 5 T HelhH od < e R
na,

P AGSIT HEHBMEIE N EREI N TV D
Y, b DWFIZHHE LT LI AL 2K
HTOBIRREMETRE ATV BICTE
FEAERL 72 & 95 1T AEMFEICIZMnA-
Gs tfibZEbbTnWElLEZLDHL TnbE
EDBAL E o Te, ZORERIZHT AGshT
HHEMEO®,» b Ze s LTRMEE SN2
CEETEEEFHLPICOEB 2 TR
ERRLTW5,

L1t TN AGSEHEM RAEMT 2 H
I FAHEYFRICIERE L T < & SRISHBam
(2 & 2 TPLIC KRR % 85 L 2 VW AGSHY
WL TERLEZEEZZERL o 2icBL
BETZ2 Mz lznweFEz Twb,
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% Cation i tKrincurrent & #4535 5 D,
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A5 5% 5HI~IENTL (275mg, GM (3 40mgh*
DrbileNZDaENEIZ L ) NTL ~GM
DTPI~NDFEAREIZZS D EEZ LN D,
& o T, TP AGs» #5673 5B )NTL,
ASTMY =2 ) TP & #sE % A L TR B
BlbeE B3 &z b5, B2 ENTL {#
FHIZ £ - T erythrocyto colony forming
factor BEAATHIGIE 15 D L RIFEOBEE & &
2ZoNB72DEGHIINTLOREGM HED
R D A TAGsHOTPL D 5 Wt 7 2214k
PHELDIEHELZWL A2NEThnweER
Hils,
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Fe A v BAEA 128, 300y /mg TEAL
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OEMICHAL 7234 (1 » A)guinea pig
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TL, ASTM FNEHMENE N L bt Tn
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