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= Abstract =
Effect of Kanamycin on Calcium Current of Rabbit Ventricular Myocyte

Ahn Duck Sun, M.D., Park Kook In, M.D., Kang Bok Soon, M.D.
Department of Physiology, Yonsei University, College of Medicine, Seoul, Korea

It has been reported that kanamycin, a useful agent in the treatment of gram-negative and
other infectious disease. has a negative inotropic action in isolated cardiac muscle preparation
and also it decreases the amplitude of high K*-induced action potential of guinea pig atrium.
These findings imply that kanamycin has a property of Ca’* antagonist.

In this study. the effects of kanamycin on cardiac Ca’* current were investigated in isolated
rabbit ventricular cells by using a whole cell clamp method.

The results are summarized as follows ;

1) Kanamycin caused a depression of cardiac CaZ* current in a dose dependent manner
and its effect was observed in a whole membrane potential range.

2) The decreasing effect of kanamycin on Ca* current was inhibited by high Ca?*-Tyrode
solution and such inhibition was also observed in high Sr>*-Tyrode solution, but in the case
of Cd**. well known inorganic Ca?* antagonist, the current through Ca?* channel was greatly
decreased when the perfusate was changed from high Ca2*-Tyrode to high Sr2*-Tyrode solution.

3) In the presense of kanamycin, the decreasing pattern of Ca2* current by repetitive depolari-
zation was not specific as in the case of verapamil.

4) Neomycin decreased Ca’* current similar to kanamycin.

From the above results, it may be concluded that kanamycin has competitive antagonistic

effect on cardiac Ca?* current.

KEY WORDS : Kanamycin - Rabbit ventricular cell - Ca?* current + Ca?* antagonist.
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AF AL HAY 2], 43 A E9 excitation-cont-
raction coupling, 181 2-&417% W& E 2 (autono-
mic neurotransmitter) 8] &2 2@ Fo R
Aq%S sz glopii) ojge calt
A7), & Ca’t channel® T 7R AHS
E & (neurohormone) ]t} & Fofl o3 24 =51
9\)‘420)‘

o] 2 FQ A
Fo] A dig ‘5 = 4
Holgtt}. & A<
AoiA o]9] =HAgt
At ke AS- 7z
=249 ca’t current} ’211] g 52‘} Ca’* current®
Q&3] whgdsta Zatg o, AE Alolo] HE g
2 Fe AE A FAHE o259 Y A4
Ca’* current®] W& & 23t Ca?t currentd] A4
AT Fe olHE S 2AHLG £ ca’¥t 99
e ol el A3 AF, 53] K currenvt FA 7
2g037 918 Ca?t curremd] BAS TSI 19
uxE oy g9 F&71HAE FH3E dolA
ojglgo] WHPTHH®, H Jud gy A
AEE o]&F whole cell clamp WE& THAHYE
FLaA DHEF 9L B ol MEY Y o]
ZAE WE #F PPl s zAFozAM,
A7t 79 HAF FAM &3 Ca¥T cur-
rent & 2, S JA Hol Ca¥* currentoll
g Ao A ARE o F3A HU.

Aol A A Ao NBAZ AHEHI Qe
aminoglycoside A15-9] A F9 &t kanamy-
cn& A% 2 HZ AF i 54 oo ¢#
AANE ol & 2#Fo] aHUTH?), Z kana-
mycin& 19| £ Fxo Hl#std A2 F5HE
AN 7)Y, B AIHAAe ca¥t A¥E 7
AHoz gAsnd), e K'-FL TFHLY

A719 g¥T £2& AsAdde Bavses
u] 20| Ho} kanamycin®] calcium Z¥AH EHE
21 Y&E F5E AN "M EAFAME
9d A2 AXE o] £% oAt nFPE T 1
kanamycin®] Ca’* current®] Z7|% 19 kineticsol
oxe 9L #ASL, 2) YF Ca¥ T W3t
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1. B A2 MEO| K=
AY 5L AT 1.5~2kgd EVNE 5 FEY]
AL&-3H4i Tk Pentobarbital sodium(60mg/kg) 2 he-
parin(20001U/kg) & E71¢] AR o] FA}std
vtHAIE AEHg Ay 15 AAY ¢ A
ZE A&k A& AFE 100% 442 X3
& Tvrode £ & AejolA dEd 7]
g At B3 Tvrode &0 g 3
3 A2 2Pz #ARIHEE JPoy, o
F 48 65cm Hy02, 4% F909 ex&

37CE fA At

A% Tvrode 902 oF 1087 B F3o =3
%o Ag HAY F calciumE A A3 Tyrode &
doz o 687 BRI AEYAY Caz+-E A
gt FATE o] F 50 pM Ca?t I} collagenase(Si-
gma tvpe 1A) 0.04%7F X E Tvrode 402 oF
1587 TFAA 439 24 232 digestionA #
F9ch. #FEE HF &9(Kraft-Burhe, KB me-
dlum)oi upizo] 10237 AFAIIEA AF 23
o] Folole A ¥ 9 collagenaseE A AZ 3 A2
ZAe-E st ARt AT 23 é‘ &
AZLHo] S HEHE F EFO Fo] AT HE
23 AHoZ HE HeYHEE 6}%10‘31 o]
oz de A MEE 4CdA o 24T

b

3. Whole cell clamp 2

Inverted microscope(Olympus) $iof AX]3 HE
chamber Wd] AZAE RS & F 9 ¥
wd F of 5~1087 71k A 412 M E7F chamber
vieto] A HEE 3t o] F Fd Tyrode &4&
2~3ml/min®] £E2 VFAFIEAN 4¥E 48
gt Aol 2~3umHE # "M AFE AL
HE 2HA & A 3o &4(—10cm H,0)
£ 713t giga sealS FASYTE). oW giga seal®)
A JRE +omv 2719 FEAE 12 BHFHoE
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344 Tyrode &

NaCl(140), KCI(5.4), CaCl,(1.8), MgCly(1.0), HEPES(5), NaH;P04(0.3), Glucose
(5.5) mM. pH adjusted to 7.4 with NaOH

A% &9 KCI(40), KHPO4(20), Glutamate(50), Taurine(20), MgCly(3), Glucose(10), HEPES
(KB medium) (10), EGTA(5) mM. pH adjusted to 7.4 with KOH
AT g CsCI(120), Cs;EGTA(10), MgCly(5), HEPES(10), Tris-ATP(5) pH adjusted to 7.4

with CsOH

7 BF 89

7d Tyrode &N A 5 KCI¥ TEA-CIZ X#3lo] AE3%c)

Aol FAsAA o] B8 HF 2L osdllos-
copel 2 #AF3ste] RA3HE D giga sealo] F
A HE AF WE9 4L —40~—50cm Hy,0
7HA F7HAA AEeE HEAY S 3E A
7154& Axute 7hstd MELE SFAA whole
cell modeE THEo] AFS AA ST A2 ALY
BH ¢S patch clamp amplifier(Axopatch-1C) & ©]
&3t e go g dgsA LA FedAM &

25 22 FEF pulseE FYIFY 1] wE A

"

Fig. 1. £7)| Tt AMAIZ MIZO| MEAQI HHO0IH AN
&t Tyrode 2YHOZ TFA| ST 22| Al
Zo| ZAAIZ} Yt stration0] & FXIE
A NZEGAHE)RI O F20f 248 +
Yol AZMNE(SAE Oi2)S8 A £
UCHHIZ 400X).

Fig. 2. &3 K[| 2AL,

FE 33U oy 4% EFd w A &
Ho 24& 23ty ddte FH AR 7S
HEg & 4 ged, & 4¥dME ca’t AFUE
71537] 948 AW P22 CsCl &4 & AHE
&) CsCl &) ME YH-& BFIETF 8o K
ARE AGAA FAG FAHG 2P AHEHE
A3 (command pulse) 2 10| & HAF 7|5
computer program(pClamp, Axon Instrument)& A}
43t} hard diskel AH 715% ¥ £43A(Fig.
2).

- o}

1. KanamycinO| Ca2* currentoll O|X|& H&

E7] 99 42 AEE ZEF T AE9 A
3 &3} 1L striation©] & A€ AAZ M E(Fig. )&
XA patch cdamp WYL ZE Ca’t currentE &
A% A3E Fig. 3o EABAT. oldf HAZ AX
Y-S CsCl7t X8 AW 8402 AFANZL
2N EF AFA el 5 A ¥ KT AFE
AAGFHL, THAEES —40mVel] A3 Nat cur-
rentS H| Ao 2M Ca?t currentilo] F=2
NEHEE A,

Whole cell mode F3AF HALE —40mvVE 1
A ZefolA 300ms T +10mVe] BEF pulseS
0.1Hz®] ¥=2 FY3}HA 29 Yehds cat A
79 Z7] ¥3E 71584 S8 pulsed] 23|
YehdE Ca?t currentd] 3771 4RHA 3 B
o] kanamycing H7}3te] 19 AFHE FF3Y
(Fig. 8-C). Kanamycin #7}oll 93] Ca?* current?)
peak amplitude7t A 743 o9 (Fig. 3-A), o
Z2e 2 e FFYY kanamycin FE F7HA|
te dASA Jestt(Fig. 3-B). o]F FFYS
3 Tyrode 902 A &3 7$ kanamycinoll 2] 3
ZAHRD Ca¥* currentd] 27)7F A BPoz
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Fig. 3. KanamycinOl Ca?* current®l DiXl= &1}

Time(sec)

E7 AAZ MEe HAS —40mVE IXTH MEHUIA 300ms St +10mve] EE= pulseE

0.1HzO| B2 FASIPIA T LIERI=

Ca?* TRO| &4 HIE 7ISsI0 0|8 ez

AJACHO). 283 pulsedfl 218K LIEHA= Ca2t TFo| I7171 LNSIN F DHFAU kanamycin
5mg%(A @) % 10mg%(B. @) ZZt HVistod 19 RIE ZAEGIULL 0|F HFRAUe
Tyrode 2MOZ WEISH0 Ca2t currentQ] 37|71 SIEE= 742 ABIUCHA). 0122 kanamycinOi|
olst Ca?t MF UL X 3= Latol AZHE ADE O3 Col BEABIALCE

AEHE A& 24 ANH(Fig. 3).

g3 2T (depolarizing pulse)®] A71& —30
mVoll A +40mV7ZEA] 10mv HA o2 WA A 7}
HA 2o 8435 = Ca?t current?] A7) 0]zl
kanamycin(5mg %)< E#HE FE3to o]g AF -
A FH(N curve) 3ol E A3 tH(Fig. 4-D). Ka-
namycin 7} ZE voliage HHANA Ca** cur-
rent9] 27|17} A4dke g B2RE 7 UAAG ol F
BFAE HY Tyrode 902 W3 H$ Ca®t
current®] 7] Fo| thA] FEFE S AR F
AN (Fig. 4).

o] Z&& kanamycino] 23t Ca’* AF JA &}
aminoglycoside A &9 A A #EHE Ay
A A £ kanamycin 7] Fold AYRIAE
Qolw 7] 3] aminoglycoside AE FAA F 9
&2l neomycino] Ca’t AFo v AHE &
23l A}, Neomycin(10mg%)ol TF#E A4 Tvrode
gdoz AT HNEE FFAINEA +iomvy &
2= pulseE ) 1027} YA JERYE Ca®t cur

remtE =43 AP kanamvcing A$9 FAMSHA
Ca®* current®] peak amplitude7t tHRTo H]&)
Zrdte A BFE £ AAY(Fig. 5).

2. 2|8 divalent cation0| kanamycin2| &Z}oi O|
A= g8

Kanamvcind] 98 Ca?* current ZHA2EH7L 9 F
Ca?t Fxol 93 JF& We=AE dotr7] A3
BHA] Ca¥* FEE 2mMol X 20mME F7HAIZ
Fef o] A kanamycin®] EFHE AFIH I (Fig. 6-A,
B).

#BHAe ca’t FEE 20mME F7HAZ AL,
Ca®" current®] peak amplitude= 9% Ca’* F&7}h
2mM¢Ql 7ol vl3f A3 Fred o Ca?t cur-
rent®] ¥|EAsE O we dojude AE EF
AT (Table 1). & &de] Ca?* F=7F 2mM<Y
7%, kanamvcin®l 98] Ca?* current® Z7]7} &
AeA dAHEReY 9F Ca¥t FEE 20mME

Z7FA 7 4% kanamycin®ll 2] ¥ Ca’* current A
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Fig. 4. Kanamycin0il 2Igt Ca?t TR -NEY HMo| B3,

E7]] MAlZ MES| AFAES —40mVE DESH MEHUIA EES pulsell F7IE —30mV OiIAl +40
mV 7R 10mV ZHASE BISIAIZAZIBIAL, T E4315l= Ca?t BRE 71560 018 HEEe=
AQICHA). EUSH o2 AR NIFE X=SHHA FAM kanamycin(5mg%)E B7IsH0] Ca?*
AR DIXI= kanamycin®| BIHE AABH 2(B). kanamycin0] Sz B& Tyrode BAULE &2
NIZE MRAIFIBN Ca2t MFo| =S AABIZCHC). 0l 2t2e| &= A=Al LIE=
Ca?* ®E9| peak amplitude®} EHE= pulseQ 37| AHOIQ] MTAAHIE DEBIN 018 SR MY
MV curve) 201 EAISIRACHD).

Kanamycin Neomycin
()
[ ]
<1
< o
(o]
200 pAg 200 pAg
A S B 1S

Fig. 5. Neomycin0| Ca?* TR0 OlKl= Q&
B &2 MZo| 2NE —40mVvE DATH AEHA 1020 SHHM +10mvel BHEZ pulseZ
AT MIZO| TS0, I BABIZIE Ca2t curent@] 370 OIXIE kanamycin 10mg%(A) X
neomycin 10mg%(B)2l ZIE HATIKACHO 1 control, @ : kanamycin(A), neomycin(B), A : reco-
very).

AERE Ao #IY & gt o]2E 9 Ca?t olZ& & Caltdl 9% Wl &3V} kanamycin®}
o} whaj AL 71& 9] Ca?t Z 34 (organic & ino- Calto] T Y3t binding sited] N2 AAYHoz AF
rganic Ca’* antagonists) o] A= A RIOEQuH, 3l YGRS golr ] 93 #FAe calt g
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2mM Ca?* Tyrode

20mM Ca?* Tyrode

20mM Sr2* Tyrode

.

+ Kanamycin

%e

600 pAg.
A ) 'OQ, B

+ Kanamycin

[ ]

-+ Kanamycin

c g

20mM Ca2* Tyrode

20mM Sr2+ Tyrode

L) f ° r_——
+Cd2+ +Cd2 +
Q
400 pAy 400_pA,
£ &
D = E L

Fig. 6. 2|F 27} L0IR0| kanamycin0ll SISt Ca?* ©F A0 OlXls ¥,
A E7 A2 MES| UEUS —40mVE AT MERMIA +10mvel &&= pluseE 10204 SHAHM
XHSSIHA 20 LIEH = Ca?2t TR0 DIKIS kanamycin®] S 0HE ZHAISIALCE Ol 28 &

gooz= F4 Tyrode(2mM Ca?H)EAUE

A recovery).

FESIRACHO : control, @ : kanamycin  10mg%,

B: Ca?* 55 E 20 mMZ B7AIZ! modified Tyrode BUCZ AlZ MEE 2FAI7|THAM AR} SUSH
YHOR Ca?t TR0 DIXl= kanamycinl BTHE ZEBIRCHO : control, @ : kanamycin 10

mg%. A recovery).

C: QIf &7 Ao Ca?* 8 20 MM SO 2 [HX|BH F &2 YWHOZ kanamycin0| Ca2* channel@
£t 52+ MR 01Kl= G BESBIACHO : control, @ : kanamycin 10mg%. A : recovery).
D: B2 SUSH MEHHIA Ca2+(0.05mM)0| Ca?* TF0l DIXl= PS8 BHESBIAUCE (O : control,

@ : cadmium 0.05mM., A : recovery).

E: Col SABH MEHMIAM Cd2*(0.05mM)O| Ca?t channel® &8t St TR0 DX Jas 2
ASIACTHO : control, @ : cadmium 0.05mM, A : recovery).

szt o2 thA3}e kanamycin® EFHE FEIHG
20mM Sr2*-Tyrode £ 22 #HFAZ H¢ ca’*
channel& 5% current?} peak amplitude?} ZA F
7hstaen, 19 ugA3 JA A3 AAHUG
(Table 1). oJm} #FHol kanamycing H7}ete] 1
A#E AWE A3 kanamycin® Ca?* channel&
5 current ZF4 A7} 20mM Ca?*-Tyrode €&
AHEE A9 Aozt fATH(Fig. 6-B, C). v L9
E2Ho2 Ca’ binding sited] Ca?*3 M2 HAH
oz APy Ca?t currentE HAAIA FE cad-
mium(Cd2+) 1119 g AL g8t 9] S BFEAY

t}. 20mM Ca?*-Tyrode 4 2.2 #F A7 3% cd?t
off 9%t Ca®* current T4 AFe vl okdt o U (Fig.
6-D), 20mM-Sr?*-Tyrode £ 02 #FAIZ 79
£ cd**el o§ current JA AFHVL FIHF{ A&
#2¥E + AUH(Fig. 6-E).

3. X2 go| @& kanamycin® &1}

Kanamycinol] 9§ Ca’* current & &3} 7
9] organic Ca’>* antagonists(verapamil 5) ¢ 7 -9}
FYA HAYS gEF = v} e A E
(Use dependency)?2?t) oty 9j3] A3 WY&
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Table 1. 2%

O] Ca?t sx B3} S0f [ME Ca?t MFO| '3} A& (inactivation time constant)2]

Time constant 2mM Ca’*-Tyrode

20mM Ca’*-Tyrode 20mM Sr?*-Tyrode

i) *19.00% 1.14ms
T 83.12+ 2.70ms

12.42% 0.38ms
20.29+ 0.79ms

14.15% 0.38ms
122.45+ 2.18ms

*Mean+ S.E(n=6)

+oHtE —d0mVE TR AN +10mvel SR pulsed Thate] Ao W) MBS NB5E

A4
Kanamycin Verapamil Cadmium
A B C
200 pA,, 200 pA,, 200 pA)
£ : £
< 3 N
D E F
1.0 o 10l ®ses 101 voy,
o
T 084 08
% 08
£ 08 ™. 08 06l
2 04 0.4 04
=
e 02 0.2 02
SotSase
0. - v v v > O r v v v v 0.04— v - v
0 1 2 3 4 5 0 1 3 4 5 0 1 2 3 4
Time(min) Time(min) Time(min)

Fig. 7. 1= X1=30] kanamycinOil I8t Ca?t 7 HA0 OIX= S,
E7| A2 MEo| YNAS —40mVE TIETH MEHUIA 1080 SHEIY +10mvel B &= pulseS
Al MIZZ0H FRI810] Ca?t DFE 7ISTIRLE 0|7 X=E SHE SEH0IAM kanamycin 10mg2(A).

verapamil 1078 M(B). cadmium 0.05mM(C)2 Z{Zt ZFAU0 B7I5I0] 7 AIZ{ F=UCL K= B¢

B 0] CIA K22 [7HSH Ca?t &R 2| 37|04 OIXI= kanamycin(A), verapamil(B), cadmium(C)
o] ZTME HABIUCE KIS MHE LIEN = Ca?t TR 37| Hshe drug F0ITQ| Ca2t TR Q|
A7|0H CHEt HEE2 TAISIKCHKD. E F).

22) 3t kanamycin®] AFHE 3P

Z 7] 443 Ao FAHLE —40mVE 1T
Aol A 10xe] AN +10mve] BEF pulseZ
A3t Cal* current® 71834 o]& WERTOR
e AFE F9% dEolA kanamycin, verapa-
mil, cadmium& ztzt #FAo| P43t BFAA
FALh 2AF S 28-F o) A 2AFE AMNEEA
Ca’* current®] M3E 71Z3}e] kanamycind] ¢} ¥
Ca’* current Z2 S 37} “use dependency” & Ho]
A& BHI}AN(Fig. 7).

HFA verapamils 7MY FHFAD H$ A
& AR E T verapamild] & Ca?t cur-
rent?] A AE7 w9 ooy AFE A
dte] wHE RS ¢ wel AAF o2 Calt current
22 297t F7hs gt (Fig. 7-B, E). ¥bd o) cd2t o)
A% A3 398 £t oln] cartol 4% cat
current 744 B} FE3] GEE AL #IG
ARS F A5 T F9 A JEF A3 9%
Ca’* current®] A7)7} hEFd wa A3 TA
5o} A om o]F 9 e AT oHME 1 A
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717t A9 wgstA etk (Fig. 7-C, F).
Kanamycin®} 7§ verapamil®} Cd2*9] £+ A%
O A3E Holn U} F AT F F o A ART
AFA YeldE Ca’t current®] A7)7} )22
HlE) Blar A Zase} qlglon, o] F e whE o
o} A Cat current®) I 7|7} A A} ZAEHE AL

2% + AN (Fig. 7-A, D).

] ot

Kanamycino] 19| §of Fxo vl st A9
THYL ALY, EYF A2 g9 catt
A%e B2 AASHY, 15 KT-H% &
AR 27 4 FEF £ AU gE Bo)
& kanamycin®] calcium AFol o] 28 &
HE 20 YFE F54 Fd geby 24 ME

= &
FAL YL 58 kanamycino] Ca?* currentdl
U AE %S A4 248k kanamycino] Ca?* 2
FAH s 2 YeAE Lol na dht
E7 ASAZe BAHgE —4omvE 143
Na™ A/FE E8AAZ el +10mve 28

P

£

= pulsed] o} §ABHE Ca2t ARE A GHE
AT 2HAN 2 ca’t AFRG 2 27 F
7}t A4 2.1, peak amplitude7tx] =@dt=d A e
A Z(activation time) = B2t tH(Fig. 3). o] g & 2
e AR A22FAA c2t A/E FHsaA
HAY Y E AMREE A AEY A EAbol
LA 3 B A JEo| AF ZH
Aol 2 &3t ca?t AR &= L A7) 2
A Hu, 9Y A3 AEE ARSI H$dle o
e AE A AJEo] AAHAN Yehd AFgn
A zZFE TRy,

2ES pulsed] 93] T ca?t AF AV}
AR AN T #F Y kanamycing Uit 1 &
HE dHE A% E7 AT AXY Gt AR
717} kanamycinoll 23] &% o|EH 02 FAade
A& #FES SIAth(Fig. 3-A, B). ©] 22 kanamy-
cn® Ca’* AF JA AFHVF GAYe] 27 net
B3R E Yotr 7] 8 GEF pulsed] A7NE
—30mVHE +40mV7A] 10mV HA o2 F7HA7
WA Zbzhe] @8 pulsed] o3 T &= ca?t A
F9 Z7l°l vl A& kanamycin® 7 E #F3H T

Kanamycin $& A] A48 € 2h2 9t 9 9ol A Ca?*
AFe Az @A dAHULH, ol Ca’*
AE7t 439+ 2@ (activation potential) o]}
Ca*AF A7I7F 2 Jepve FAYgAE ¥
W37} A ch(Fig. 3-D). ©] 22 A I+ kanamycin©]
Ca’* Afol dsl 2¢AH &S 2 UASE A
A}s) Zt}h. ®=§ aminoglycoside Al 52 FAA F9
314l neomycindl A= Ca?" {7} AAHE
740 2 Ho}(Fig. 5) o] 2-& kanamvcin®] Ca’* 23
& 3= kanamvein 9] 0] & E 7 ol 2 amino-
glvcoside A159] A fA R durddd &
FAde & F AAHY. wekA o] 2 kanamycing]
Ca?* AR/ JA E&XE 71&9 Ca®* ZFA v,
#Ago2M aminoglvcoside AF A Ca?*
A 94 71de A8tz st

Kanamvcinol] 93 Ca**t AF #4 F3v 9%
FHe] 24, & charge carrierd FFHY FE
3 AP LeAE A FFHA G AR
Fd9 Ca?t FEE 2mMolA 20mME Z7HA7)
Fejol A} FHF Ao kanamveing F7H3 H$-, 2mM
Ca**-Tyrode §dg& #FRAOZ AL Ae9de
g Ca?t AR JA A#H7} vl v k3t Ao (Fig.
6-A, B). o] Z& 9% Ca’* Fx Z7}4] kanamycind
o8 Ca?* AF A2 A} JAEHE 84T kanam-
vano] £ejd A2 otel A 9] Ca’t 2 g BAHLR
AR E RuidEe kanamycin®] Ca’* AF A
717e] Ca?te AE W29 ©]5 & kanamycin®] 7
FHo g A gt Yehd AYE AAg o2
Va8 e THMET] A8 #HFA charge carriers
20mM Ca* oA 20mM Sr2*, & Ca?* channeld] in-
ternal binding site®] Ca’* o] o] w]&)] w]tstA 2
b n A st & charge carrier2 AME3lY
kanamycin® A#HE FFHYE HRIAA Ca?t
channel & %38 Sr** current®] peak amplitude= cha-
rge carrier2 Ca?* & AMS§ %o vl A3 F
7hatgon, 29 843 A A ¥ (AU
‘0)(Fig. 6-B, C, Table 1). o] o} & o kanamycing
A 713 749 Ca??t channel® 5% Sr2* current®] & A
A= charge carrier2 20 mM Ca’*-Tyrode £ &
AHEF B9k FALSHA ofF wiw]EtQoh(Fig. 5-B,
C). vt Ca?t channel9 internal sited] 7+3}A)
A3t A ca’t o] o] olFde A& JA g1

OF-E-

)
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282 cadmium(Cd?*) 9} A1), BFAY cha-
rge carrier2 20mM Ca?*& AM&- 7Z-9-o ¥|& 20
mM-Sr?*-Tyrode §4 28 A2 AEXE #FFAI A
LolE Cd?tol 93] currentd] =77 @A 3] A
He A& £ & U (Fig. 6-D, E). o]&E A=
kanamycin®] & Ca?* A{F A 71" o] 7]E 9 ino-
rganic Ca?* antagonistd}= A2 Foldide A, &
Ca** channel9 internal binding site®] kanamycin©]
Ca?* ol ZAHoZ ZAFHA ca?* AFE o
Adte AL obd & AT 28U R CT FE
Z7FA kanamvcinol] 93 Ca’t A{ #FAaEHAI o
Ase dA4-E Ca’*F kanamycino]
sitedl] M2 A H o2 AjEA kanamycing] E 77}
Uetve Aoz #2385 oy, 95 C2* %
%7HAl kanamycin®] &3 AGE A %L Ca’* chan-
nelg 5% Ca’* A7/ 277t A2 FUtsto
kanamycinoll 93 Ca’* AF A A#7t G
Ueld 7HeAE ASER ol ¥ AFdA T
Batnal doh.

A o8 /9 cat ZZAEY ca?t AR/ GA
AT S AEGAGY 7] e} Hakste e
Z ¢ A Ao B2k kanamycind]l 9F Ca’* cur-
rent A A% A HAGYG JEHOZ WA,
Z 7]1&9] & ¢ A organic Ca’>* antagonists{verapa-
mil) 9] 73¢9 FU3A tHte] dEF Fxo v
#etd 2 A7t FrhsteA, F& Cd2toly nifedi-
fine®] 73¢9} o] Zgtel F-@A 19 AHRE
Ueh =g Lopumal stdck #FAo) verapa-
milg A7 AE AF FEF A AR AFA
UelhudE Ca?t current® 27| ZREH AY #
Ao A5-g e e FA3A Ca®t cu-
rrent?] 2717} A H & A A2 “use dependency”
F3E B 5 Ao U (Fig. 7-B, E) BFA cd*T &
A7HE B Sole AT FEF A ARLS AFA] oy
Ca?* AF A7t A3 ZaHo dUeH, A
&5 §E AN E AF 27171 A9 WaeA
¥E RS #AY & AN Ao #7{Y o] kanam-
yang H7Hg Ffde AF F¢ F9 A e8F
A=A YEhYE Calt currentd] Z7|7F B2 Fl
Hl3) vl Aol ARen, o] F o whE 2=
A Ca’* current®] 27|17} MM Fade &

< #2E F Aoy 2 A=E u kst oh(Fig.

< binding

6-A, D). °]Z2 4% 2% 94 kanamycin® Ca’*
AF A4 A3} 7€ ¢8A verapamilH £
organic Ca’* antagonistt} £& Cd** 3 22 inorga-
nic Ca’* antagonist$}= M2 O§E& AAHgH

o] o] 49 A= Kol kanamycin®} 2L amino-
glycoside A%9 FAAE ca?t ZIAF ang
73 Yoy, 71&d B3I ¥ organic Ca’t antago-
nistt} inorganic Ca?* antagonist?& ThE 71H 02,
& AEte] f54d 9% 71AA cat A/RE
AA Y 7Aool Yoy olo] M ¥ AF
oA Fraord AAgL AZEd £F o] ami-
noglycoside 159l A7} Ca’* channel®] gating
propertyt} kinetic 59l P]X& &3 G A] single chan-
nel patch clamp 59 W& o &3t ¥ AT
oA F7atnz gt

2 o

AgelM ZdA A A2 AHEHD e
aminoglycoside 759 ¥4 9 314<] kanamy-
cdn AF 2 37 AT dF 54 ol ¢&
ZIANE Fo)E o] BaHAh F kanamy-
cng] Fo Fxo] vt 29 F5Ho| A
o, 28 A2 9MY ca?t Z¥E BYFHeE
AA s, ¥ K*-fd ALY 271 L EEF
&5 A3A e B3 52 kanamycin ©] calcium
AFol wal ZPAH AHE 22 Y&E F3A
gt gk A e dd A2 AEE o]
TAQt ZAY L 58 kanamycino] Ca’* currentol]
o X 9FE AY 24 ¢ 2H kanamycin®] Ca’*
A4 44 EA7 kanamycino] & A2 F
%3 A3l 71AE FEs Hux 495 dH
Z2e Z23s dU4

1) Kanamycin o Zoj] 8l& 3t} Ca’* current?]
A7)7F ZAFHYL, oL P4 AFe RE HAY
ol A #E=H Y

2) 2749 Ca¥t F=E 2mMolA 200mME F
7FA1Z] 2% kanamycino] & Ca’* current ZH4&
Ao oflF uekston, ojge YL #BFAY
Ca?*& 20mM St o2 YA § ASAE FYsA
2= At} ¥hA o inorganic Ca’?t antagonisty] Cd?*
& BFHY charge carrier® 20mM S2t & ALE@
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73%-, charge carrier2 20mM Ca’**-& AM&-3F 749
Hla] Ca’* channel$ B3 AR AVIE AA3
Z2AA FA

3) ¥rE 5= &2 3 213 A] kanamycino)] 9] 3 Ca?*
current¥] 74 A % (use depencency)E verapamil
(organic Ca’* antagonist) 9] 7-$-9} Zo] &3 o)A
Z3tgot.

4) Neomycin ¥ A] kanamycin@ 4184 Ca?* cu-
rrentE FAAAF A

o]4e] 4% A3 E Ho} kanamycin® Z-& amino-
glycoside AE9 FAA = 71&q Bud Ccalt 2
FAETE & 7|HLE Ca¥t AFRE TS &

T AN
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