NESSE 19%25 :91~101 (1993)

Palmitoyl Carnitine DB+ ERIRR I RIFTT/EA
& 5L Wl

Na+-K*¥K > 7RlEH® Palmitoyl-DL-Carnitine B\ T, % ® Endocochlear DC
potential (EP) & Cochlear Microphonics (CM) =X ¢ 2{FA 2R8I L /. 1 X10—*M
Palmitoyl Carnitine M4 1 »/3EfRIC& Y EP & + 8~+16mV (2, CM (330~39 % %
T{&ETF L 7=. ouabain EHKEED EP $ LU CM OREMEILE 28T 3L EP (DWW T
FIEFABORBE-E 3D, CMIERERHZEEE TRANTEY, Palmitoyl Carnitine
DEEMIBICHT 2EENRE,I TR SN, Palmitoyl Carnitine (& & $ & protein
kinase C (PKC) OB EMEIT2E YW TH Y, ¥D EP o T 3/ Nat-K K7
OIEN ENTBEH»Y THhE PKCA~OHBHEASNI-1-8, PKC OBRBIMEMET
# % 1-( 5 - isoquinolinesulfonyl)-2- methylpiperazine dihydrochloride (H-7) & 5 0°
1= PKC ;&¥4'HE Phorbol 12-Myristate, 13-Acetate (PMA) O > /35 5 A4
7-. H-1(% Palmitoyl Carnitine & V) 6 /FBZBV DD, PKC 2fET I 2&->T
EPDET4. 675 LcHiliah, PKC A MESR Nat-K R FICREBRMICHLTVLS
ATEEES R S N L. (PR 5 4 5 A25HRA)

The Effect of Palmitoyl Carnitine on the Cochlear Potentials
Tsuyoshi Yoshihiro

The cochlear endolymph is positively charged with respect to the perilymph or
interstitial fluid. This polarity is in the opposite direction to the value expected from
the K* equilibrium potential. The characteristic feature of the endocochlear DC
potential (EP) can be explained from Na*-K* pump located in the basolateral
membrane of the marginal cells in the stria vascularis and possibly of the active K*
pump located in the luminal membrane. In the present work, the effects of Palmitoyl-
DL-Carnitine, which is known as a Na*-K* pump inhibitor were investigated using
the perilymphatic perfusion method. When the perilymphatic space was perfused
) with 1X10-*M Palmitoyl-Carnitine solution, the EP level decreased to + 8 ~+16mV
and the cochlear microphonics (CM) amplitude fell to 30~39 % of the control.

Simultaneous decreases in the CM amplitude and the EP level were also observed
during perilymphatic perfusion with ouabain. Quantitatively, the CM amplitude at a
given EP level was larger during Palmitoyl-Carnitine perfusion than that during
ouabain perfusion. Accordingly, the curve relating CM amplitude to the EP level
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during Palmitoyl-Carnitine perfusion shifted toward a higher level along the EP axis
than that during ouabain perfusion. The difference between the two chemicals may
be related to the direct facilitatory action of Palmitoyl-Carnitine on hair cells. It is
known that Palmitoyl-Carnitine inhibits protein kinase C (PKC) activity. To clarify
whether the action of Palmitoyl-Carnitine on CM and EP is mediated by PKC,
another selective PKC inhibitor 1-(5-isoquinoline sulfonyl) -2-methylpiperazine dihy-
drochloride (H-7) was applied by the perilymphatic perfusion method. There was a
slight discrepancy between the action of H-7 and that of Palmitoyl-Carnitine, the
former being slower and weaker than the latter. However, H-7 clearly decreased
EP, suggesting that the Na*-K* pump, located in the basolateral membrane of the
marginal cells in the stria vascularis is regulated by PKC.

Phorbol ester is known to stimulate the activity of PKC. Therefore, it was
expected that phorbol ester would elevate the level of EP, but this was not clearly
demonstrated. Probably, the Na*-K* pump in the basolateral membrane of the
marginal cells is constantly fully activated and cannot be further stimulated.
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&, B & U furosemide X EP 2K T & & 3% Z
L0 In s Y S 6 0BT AD Cl i
B8, B%5< Nat-K-2ClI" ik DIEFELE 2
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D Na s o U CEAT 2WEE L T,
furosemide ® &7 5 ¥ bumetanide?” % ami-
loride?®, ethacrine B8'® 2V @ EP X 3~ % 1E
AbHFALRTHWE. 20k S, EP ORI
E#BE5T 201k Nat-KH R 7 Thh, 2D
R L LT Nat-K-2Cl #H#EX 03 FEL,
5% Ca’ MMEHiL T3 EEZoND. AHFE
BV, fERAVL N TELE AT
Na+-K+*R > 7HEHR £ & 2 5 Tw % Pal-
mitoyl-DL-Carnitine Z# 7212 wT, ZD EP
W3 5 R 2 #ES L7z, Palmitoyl-DL-Car-
nitine 13 % & ¥ & protein kinase C (PKC) @
TER Z2MH 5 2 Y TH D 2220 2O EP 1o d
2EAIX, Nat-K* R 70l E N7 2 0
DT PKCADEELEENTHETHS .
%z Z¢, PKC OZRHFIYIE TH %1 (5-iso-
quinolinesulfonyl) -2-methylpiperazine dihy-
drochloride (H-7) 72 & UMi2 PKC iEEE TH
% Phorbol 12-Myristate, 13-Acetate (PMA)
DAY v RS b AT, PKC @ EP 23
25 DEHIC OV T bHE TRETL 2.
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T34 IVREIEED/N— NV —RENEY
b (250~350g) % Fiv>7z. pentobarbital sodium
30 mg/kg ZRERENIC S LRRER L, &IRIZH
REOEESE 2O T—BXHSL, S EEAL
WEE L ATRERESIC & o TREREHEREL 72,
B OB AR EP - CM O#IE 1k Sato” D
FERIECTT>72. 3 M-KCI 2R%EL/IEF
EMEMINER % FEE R PR ER L
7ANFLE DFEIA L, BERIEEANEYEES
(AVZ-8, HANE) il :. ~TRERE
EEIcE & EP i~ a—4—(R-102, #Eik
EZ) TR L. CM 122000 Hz, delay time
2.0 msec, duration 20 msec @ tone burst IZ
THIBLEE L 2. 4V v R, HEEDE
BERBCERBEOEAILEM &, BEREE
BE Tt A O /NFLE B TIT Y, EREE X
10 ¢l/min & L7z, A4V > 3% 13130 mM

NaCl, 5mMKCl, 1mM CaCl,, 2mM MgCl,,
0.1 mM NaH,PO,, 10 mM NaHCO,, 5mM
glucose, 10 mM HEPES, pH7.4 iIC % L
7z.

Palmitoyl-DL-Carnitine (Sigma) 399.5 %
ethanol T, Phorbol 12-Myristate, 13-Ace-
tate (PMA) (Sigma) X Dimetyl sulfoxide
(DMSO) 1 T#f# L, 1-(5-isoquinolinesul-
fonyl) -2- methylpiperazine dihydrochloride
(H-7) (B2 I2) BREKCTHEREL, &
SIATEDEE RS L5 ALY VKT
FRUT. BHEOBRAEE I ethanol I2DWTIE
1%7THYH, DMSO ic2WwTid0.1 % TH-T,
BEOERIRERSNS.

o #
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EE2EORERMSELFIOERY McAHL
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1Xx10~°*M & ¥ ¢ Palmitoyl Carnitine T #
L7z, EP X Figure 1 1T RT T bTIH
BAOLI-OATHS L RERAE2RO S LIET
Eixhpotz. ZORRKHCEIEL 72 CM iZDw
THZOWIBZIZIT LA ERLIZED s
27z,

BEELZIX10*M IZEDIEZ 5 EP VLK
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Fig. 1. EP and CM during perfusion with 1X10~SM Palmitoyl-Carnitine
solution. Peak CM amplitudes are indicated by % of the control on the
ordinate. EP and CM decreased only slightly.
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Fig. 2. EP and CM during perfusion with 1X10~*M Palmitoyl-Carnitine
solution. EP started to fall after 8 min of the latent period and
attained +10mV in 45 min. The CM amplitude decreased with a similar
time course to the change in EP and attained a minimum value of 33 %
of the control.

U CM $RIBDOZH LM 2Rz (Fig. 2). EP 582333 % TET L.

1993)

IEEFEAMAKI 8 DR L VIET LIE®, K455tk EP w3 238+ CM i3 28R & 138
WiE+10 mM {ET L. CM RIEIZERESE AL TLHTLTE ST, CM RIBO®S
%, ZOFITIZRISA R > TR LIE®D, 45 %, Palmitoyl Carnitine i & % EP L~V D&
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Fig. 3. Relationship between the changes in EP and CM. The CM amplitude
at a given EP level was larger during Palmitoyl-Carnitine perfusion than
that during ouabain perfusion.
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Fig. 4. EP and CM during perfusion with 5X107*M Palmitoyl - Carnitine

solution. The decreases in EP and CM were less marked than those at

1X107*M.

T & 2 ZREZIRDO A% 53, BEMRIC
THOEEMRPEENS Z L TRBR I, CM
RIEC S 2 RN EERZ RH I 7202, EP
DIET & CM RIBOBA & DBk % K7 (Fig.
3). CMiRigIZ EP v~ ua3+60 mV & T3
% & CHERATONBE LR L TH > TELIEZRR
»oierofz. EP»+60mV AU TIETI S
&, CM #RIB ISR I BRI I3 BB
L, EP #54+60~+20 mV Q&8 W»Tid LA

MmoO#E %2R L Tw5. Konishi 57 iZ ouabain
ZEEWLTEP & CM OE L Z2HIEL T3,
W& DOBE% % ke Figure 3 OFIZRzL 7.
ouabain EFRIZ £ - T CM RIBiZ EP O{ET
EEHRBATEH, HUEP v vzt
~N3% & &, ouabain W LIz &LV b Pal-
mitoyl Carnitine D53 CM RIE DI 138 E
Thotz. EEEWZ Lk, Palmitoyl Car-
nitine DEE X 515X 10*M ICE D THETR L
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Fig. 5. EP and CM during perfusion with 5x10°M H-7 solution.

EP reached +65mV in 60 min. The CM amplitude attained a minimum

value of 33 % of the control.

Table 1.

Final EP level, time for final level and final CM

level at different concentrations of Palmitoyl-Carnitine.

concentration final EP level time for final final CM level
(mV) level (min.) (%)
10-°M i 25~30 98~100
10-M S 40~50 30~39
5 X10~M P 25~35 33~73
Table 2. Final EP level, time for final level and final CM
level at different concentrations of H-7
concentration final EP level time for final final CM level
. (mV) level (min.) (%)
10-°M s 40~145 95~100
5 X10-°M e 55~170 56~72
10-M s 55~65 42~56

722 2% EP OETOREIPZ > T/hEnZ L
Th5. 555 OERICT EP i3+60mV &
T 2BEY, ZORERERT ORI
o oo Tz(Fig. 4) . EIRRCEE L7 CM
3 %72, Palmitoyl Carnitine DEE % 5 ZI25
HOENTWVBIZY hb 5 T3057% EP 25+60
mV DEFIZ64 BB T 2 ICEX R o Tz,

3EOEE ICB T % Palmitoyl Carnitine @
EP - CM 1z343 5458 % Table 1 12X &7z,
EP O{ET 31 x10-°M Palmitoyl Carnitine &
o TRIFEAERE D SNV, 1X10*M O
BECREZECREL, LrL5X10M*M &&5
WHEELZELT2L 322> TCEPETORE
BhEVwELSERBEONT.
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Fig. 6. Changes in EP during perfusion with 1X10-°*M PMA solution. EP

rose from +82mV to +89 mV, but in other experiments changes were not
clearly observed in either the EP level or CM amplitude.

2) Protein kinase C O#IEH#E H-78 X U
wEHEYE PMA OfER

1X107SM @ H-7% ¥R L 7208 4 Fl2fliciBys
TEP vV, CM RIBICERZEEIFZED SN
holz. H-TOEE 25X 10°M &GO THETR
42 L %, EP X Figure 5 1IR3 2k <, 604
RIDEFZIZK 20 mVETL, CM #RIEIZ605>
BICHERATED66 %ITWAP LIz, S5 H-TD
BEZIX10*M I LTERE{To /2. EP LR
VOET, CMIRIBOREA &b, FedD5X107°
M OER LB LTI VETT2ERERLE.

UED#ER% Table 212 D TRT. 1X
10*M H-7TI35X10M & Y EP-CM & i
L DET U8, 4X1075M Tid toxic £\ vbh
T3 7% DFMIX, Bo&D Lighole.

PMA OERTIZ1X10-"M, 1X107¢M, 1X
10~*M DEEETI3 EP L~UVIZBA SR Bh 5 I1Z5R
oot T 1HleBWTIX10M
PMAIRE->T+82mV»r5+89mV 2 TEH
L7:(Fig. 6). L LEBED 3FITIZ LRI
FH oY, PMA OREERTIICREIELR
»otz.
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1) Palmitoyl Carnitine ##iic & 3 EP B8

XU CM 0%t

AFEDE T 5 EEBERI1Z, Palmitoyl Car-
nitine 24 > SpEREL CER TS L &, EP
DVRIVHBETL CM OIRIENBA TS L%
BESMIZ L7 Z £ THB. Palmitoyl Carnitine
B YLE?, 4 X0EY, 2AX 3 EEN OB
IZB1F 3 Nat-K* ATPase I35 2 £ 458
EINTWVS. KFRICBWTHED SN EP D
BT, MESLBHMATD basolateral mem-
brane IZ #£# 3 % Nat-K* ATPase 2% Pal-
mitoyl Carnitine 12 & - CHfifla s Z Lic &
S2ThbhodhdbDLEZONS. BEREF
@ Palmitoyl Carnitine {#E251X10*M D & &
EP B XU CM i3 2ERMSEBETHY, EP

B2+ 8~+16mVicxT, CM 230~39 %%T

{ET &%/, Dainty 52" 137 v b DOXEIPRNE
MRS B /ERA DS 10~1000 o M DEEFEDIBE
THEEINBZ L&/, Kobayashi 52 ikt b
AROBR NG 3 3 MR A I HB T 2 D 13100
uM THBZERHEL TS, %z, invitro
DEBIZBWT Nat-K+ ATPase 2417 218
BE1350~200 £ M TH D, BIz50 %l T2
BE L 1344~48 uM TH 32 Z LI T
3. KRFFRIZB T EP £ CM i3ty 3 ERAD
BEEICED 5N 51X10*M OBE X, LED
A RERIC OV THRRS N BE L LS
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2) ouabain EEFR & O

Palmitoyl Carnitine 2##i 35 £ ZDEP B
X O CM DER#9ZE bt % ouabain 2 #W T 5 &
= OB L kL. (Fig. 3). EP{ET
OFEBICEIL TIEME & b IZIZRROREEZ /2
35, CM IRIE DA B L Tk ouabain ¥
P EP ICHBIL TR L T» 3 DI LT
Palmitoyl Carnitine i Tix EP 2355 2 2K
TT2ETL{ERNTW. Palmitoyl Car-
nitine 1¥ EPE T2 &£ b %5 CM iRIB DA %
B HAZERLTWS EWZ 5.
Corti 212 1% Calmodulin (CaM) #3% &2 &
FNTWE2, CaM OEEHHRED X, EAHE
B RZBINTEHED Ca?* B EEMEICRA
T3, EEMGBOIHENS RIS
BREEORIEIEEVEMLICIS RS I LK
XoT, AEMROBRESHAHHIND ZLiIcd
2 Er#E25NTWw3%, Palmitoyl Carnitine i
CaM [EEERZBLTHB D, ZDIDITER
Bty 2 BRERES LR LEwoTiRkns
r#3 513 . Palmitoyl Carnitine ORI &

->T CaM D »fHESNLER, LMD
BENEVE IR SN DTEP LIVHYE
TLTH CMIRIEVPFEINIEBESD RV L
HHlxNn3.

3) Palmitoyl Carnitine @ 2 ¥gHERICD

WwT

1X10"*M OEETIZEP-CM XL TZD
VR I T FIA L T208, L L5X107*M & &
SIZEERED S L EPET, CMBAOIEH
B}z -oTHEFEINT:.

202 EEOERCEL Tw D OBFH
" Ezohb,

a)  in vitro®ZEERIZB\WT, Palmitoyl Car-
nitine ® Na*-K+ ATPase fli&IfEA X, 2D
EEHMEV & XX ouabain @ Na*-K* ATPase #ll
HIER EIMBE SN THIRT 505, BEN S0 uM
M EEED >h 3 L ouabain 12 & 2 MG %
RIF S 5 FEIER T % Embirs®. ouabain
& Palmitoyl Carnitine & DIESIRE#ER T %

I
(BB19% %25 1993)}

gﬂ:

EE IR AL TR WY, HIEE O Palmitoyl
Carnitine B R> 72T 5 5 > /X7 BORR
fLRRH#ET 2 WS AR IRER - T 5.

b) #ABRD X 312 EP 04 PKC »EE5 L
Twa Z ENRBEni (Fig. 5). Palmitoyl
Carnitine 2’EEE 2% 3 & PKC activity &,
2o THHIENZ WL EWLIRED »51X107
M %8 PKC activity D AHIGEEETH 5.

¢) Na*-K* ATPase #IHEI LS OIERLEIER
BETRHRELI:.

Utz enEzonlz.

4) Palmitoyl Carnitine ® PKC #IizDv>

e

Palmitoyl Carnitine i& Na*-K*& > 7 #lI%]
2Nz T PKC OfERAFEEZIIHIST 2 2 L0315
hTw3. PKCcidikx zilild To%RRR/ER
BH22® ErELNTEY, Yingst 3 iZRLEY
LAbOFEIC & b [Ca?* ] pSBBUTEML 72 & &
12 Nat-K* ATPase &% 52 % 3 DOMilE
A% > 8278, Calnaklin, Calmodulin, PKC
DOEZEFIBAL T3 . Palmitoyl Carnitine i
PKC DIEHACRTTHEHRAT 7 F VLY
tEET A ik PKCEEEZEEL, Zh
12 & - T &UBMAE D basolateral mem-
brane 2% 5 Nat-K* R 7OEMEIMET T 52
LICE->TEPWMETLAIREE O E 2 iz,

ZFITHRRAT7 7 FVNE) v ERBEET PKC
DOfEEERALIZ/ER L C & b iR PKC &%
fHET 2 H-7% 2HWTERE2{To /2.

H-7%#EEHT 5 & &, 5X10°M OEE T
EP i3 +62~+68mV iz, CM 1356~72 %2k
AU, 1x10*M Tl EP i3 +52~+58 mV ~,
CM 1342~56 %~ WA LTz,

Nagatani® 513 10-°M SR IR T4 X 107°
M Tid toxic TH 2 L|ELTBD, AWHRET
v shiz H-TOBRE I10EE . — Rt
Y U NEEREIC X D EYERE LGS, HE
LB L CRERMIR I EE T 5 £ TOMHY ¥
NOBEFER BTN E > THRRENETH S
ZERFTEHTFESN, LMY LTH
WHNAEE LD H10~100EHVIEENLET
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HHTERRERL TWBRD Lo ThX
107 M~1X10~M DO E X, FRRNLENE
ERETIELORBEETHL EBMETER
Vv, L % H-71% Palmitoyl Carnitine XV %
TEFIZE DD PKC 2HET S5 Z 1L >T
EP DE T2 b 7256 Lz e ¥rah, PKC A
4 Nat-K* R > 71 e @ T 2 816
HRRB I, H-712 13 CaM fIFIFER 287
{, FEFBHIAE EP OE T & I1ZIFFTLTCM
RIEORA % &7 L1z Z i, Palmitoyl Car-
nitine 12 £ 5 CM #eRE~D CaM BIGDEM T &
Kol

5) PKC stimulant OfEM

Doi®*® 5 % Forskolin Z Fiv> T adenylate
cyclase ZBR¥EL Nat-K ¥ 72 EET 5 2
L2 X o TEP 2 E#HNCH 20mV EF TS
55 EP £KI2 B 1) 5 protein kinase A DE
F|EHEL TS, fiif5, PKC 3 acinar cell

@ Nat-K* R 7EREEBEL TV B oK
EIN PR EINTWS,

% ZCE# PKC 2iEMHLT 2 PMA I THER
BERBTD, —FICBWTIX10M &> Th
iz EP O LR 2300, BHEER2E
BICRES ol MESLGEMED Nat-
KRy ZI3EICFSICER L T 2 8RHREI
»Y, PRKC & 5B ST H Ry A EHED
Xoie kR EiRwd, dLLIE, PKC
DEMH LR 7ERCES L TuineE X
sz,

Rz siwchizv, THEELIRHMEBY 2L
IFERIREE—AHERE MNBRER, § B&
EMERIEEE  THEEERICE S B# LT,
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