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ABSTRACT

It has been demonstrated that majority of cells in the mammalian body such as
myocytes and epithelial cells of skin and intestine respond to mechanical force or
environmental factors and exhibit partial disruption of cell membrane, i.e., cell wounding,
even in a physiological condition. Mpyocardial cells are rather apt to be wounded than
other cells since they are definitely exposed to mechanical stress by contraction-relaxation
and blood flow, However, the mechanism how myocardial cells protect themselves against
cell wounding is not yet clarified, On this background, the present study was performed
to elucidate whether albumin leakage is related to cell wounding and to assess whether
diltiazem, a potent calcium channel blocker, is beneficial in isoproterenol-induced cell
wounding in the heart. Hearts isolated from New Zealand White rabbits (1.5~2.0kg body
weight, n=20) were perfused with Tyrode solution by Langendorff technique, After
stabilization of baseline hemodynamics, the hearts were subjected to bolus administration
of isoproterenol and diltiazem as following order: 1.6 uM isoproterenol at zero min (the
beginning point); 16 uM diltiazem at 20 min; 1.6 uM isoproterenol at 25 min; 16 uM isopro-
terenol at 45 min; 160 uM diltiazem at 65 min; 16 UM isoproterenol at 70 min. During all
experiments, the left ventricular function was recorded, albumin leakage in the coronary
effluents was analyzed by electrophoresis and Western blot, and myocardial cell mem-
branes were examined by conventional transmission electron microscopy. Data were
analyzed by t-test and linear regression test. Isoproterenol significantly increased the

inotropic and chronotropic contractions, coronary flow, and frequency of arrhythmia,
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however,

of arrhythmia and a slight decréase in contractility.

disruption of myocardial cell membrane and increse in albumin leakage,

diltiazem did not influence on hemodynamics except decrease in the frequency

Isoproterenol also resulted partial

while diltiazem

pretreatment showed number of electron-dense plagues in the cell membrane and a

tendency of decrease in albumin leakage. These results indicate that albumin leakage may

" be an indirect index of cell wounding in the heart and diltiazem may be beneficial to

protect myocardial cells against isoproterenol-induced cell wounding.

It is likely that

diltiazem promotes resealing process of the cell membrane.
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71AL A deiA A govt ATHE AEEH (A
39, 1996; Kim, 1996), AZHEWelA Fjisi=
H3EA (Clarke ef al., 1993) Fol 7]AH ¢ ~EH
2ol Hfate] NES BEF Ao2 F531T U,

Isoproterenol (d1-p~[3, 4-dihydroxyphenyl]-o-
o3} Iso)- Bot=elddA
FEA F2 ALse A ZTEALY obl (ami-
ne) 22 A JAH L= VA = AHE B4
o2 AHHI Qe 2 Iso AHE2E HA oL
Aol Miwid] doprbe ubE £ B3 AL o=
ARAANE doid 4 Qlfrol H3H L (Lockett,
1965), Rona (1985) 52 Iso F3Z MIHAE 4
uhabe o8 7hAl FHFAbe] deldd AYHoR F
wledch, Jennings$ Ganote (1974)% Iso Fof A
ATAZ wlAFzd] "5 WPt delds #23)
dory olgdt wlM T wishe MM E Zg
FeE fRgezA deolde] #HA uwh U+
(Fleckenstein ef al., 1975). 3#, ZFF2 XA
2 o84 diltiazem ()8} Dz)2] ZFodo] 2]3}e] 7}
g Zobulo|y} et Agfeiz fud AITHESA
S JAlse B dfel AFHoE S
(Kim and Rah, 1988) oj2i3t AZAHE &4l &
e ofmt® Dzoll flsted AZTHAXTTE] FA (in-
tegrity) o] A3 FAPo2A depd AR F5
52 9le}(Rah ef al., 1994).

ojAe g B QoME vliH M2 &3 FoelA
5 AZAZ AESAE s Aoz d9A
Iso3 Foiste] AEat e4fe] A2 AGHIL e

isopropylaminoethanol,
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ol 2 (McNeil, 1993)e]v} AZHEe] e
3y WIE AAstT DzE AFAHE o ot2ul
Z 9 ATAZ FRY KAl olH Aolrk Y
& oo} Buzt a4},

ME o gy
1. AHEE % WE
4T BAslA FYAB T Aqele] Fol

A}8-3t New Zealand Whited E7] (A F 1.5~2.0
kg, n=200% o TEge] AYFEER A
o AFEEAE A 2447 AREE 9 F9
2v Fap9| 2 Adste] Al ALg3igith

B Ao A4 sheherE
cal (St Louis, Mo, USA)ZHE FYslod Al-g3}9
=

2. HEEEY AA

BE AYLE v AN FHs e AYFE
AR A o] whep AAEgle). Heparin (300 1U/kg) &
SR Foi3la 304e] AR F AYFE FF
55 Felsle] AXAA FA] FTE A4S ARS
AZEsgUT. HES AFAS vE YHAAE A
Fof] Fe] dEHel stEEtE ARl ARtE
& ¥ AARFAA (Size 5, Hugo Sachs Elekt-
roniks, March-Hugstetten, Germany)el] 314 3}
non-recirculating Langendorff ¥l ulz} Alaz
335 Tyrode$9 (containing in mmol: NaCl
140.0, KCl 4.4, CaCl; 1.5, MgCl; 1.0, HEPES
buffer 3.0, and glucose 10.0; pH 7.4)22 #HF

2 RY¥ Sigma Chemi-
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stidet. AR HEF BRAA 7R 602
ool olTolron AWT BRI LEG AP
o e SEE 37°CE, BRUS BRFS 47
60 mmHg, 35ml/min®.2 §3*|3}4c}.

3. Mg

i

Bt

AAL TyrodefN oz 15~20%
Alahg o]

e HFabe
v dAs] FA57] A#3HH suction
electrode® A4} 9Ho] 2~3mm 7PHLE B
3 A7\AF7] (Harvard Apparatus, Edenbridge,
UK)Z A¥l54E 150/min (4V, 0.5 msec inter-
val) 2 #AAl o] 9279} (LVEDP) 2 10 mmHgE
A =g 2T F 508 FF Aistd ATl
dA 3 FAHA sl (o] V)7 J1EA R
(baseline hemodynamics) 2. & AA3H) Fig. 1o} A
A AF} 7ol AYE AAEEE so HEFo9
Dz AFodF Iso FelZ dojth= H4AL WS
w71 9ste] AFALHAN 1LouMe soF AR F
Asteict. 20#F oHA] 16uMe] Dzg Foishm 5%
F L6uMe Isod AFA3dct. 202F oAl 16
M) IsoE 43} Foisla 2080 A3 F 160 uM
9 Dz& Tt 5%F ohA] 16uMe] Iso A F
o3} 208 F<F Tyrode §80 2 ALsle] HAFst
At Dzé} Isox ZHz2 1 mle] Tyrodefoio] 5o
e 949 sheetE F3 bolusZ Fodlgdt.
A Ag7)7 & latex balloong HAWL Esle
Aol AFsta = ADAR| (pressure transducer,
Harvard Apparatus)ol] @72dsle] 4k, o)) vl
£k (dP/dt), Ats4 55 curvilinear polygraph
(Harvard Apparatus)el] 2zt 7] 3815}

Iso Dz Iso Iso Dz Iso
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7 + + ‘ * ‘ ‘
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Fig. 1. Schematic illustration of experimental protocol.

isoproterenol (Iso) and diltiazem (Dz).

Arrows indicate points of bolus administration of
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2 (coronary flow, CF)e| &H

HRE AAed AR5l AR FAAA B F
99 +23 WA 5] AFAG B
O R L PR
AT BRG] 4 Z2ES TYsel BT
3

stele™ ml/minoE 7]k}

= 3t A ¥ 72 18 Fe Zeolgd
Al 3t 29 FFAE Zo} vortexZ #A 33l
150 WL #sle] Laemmli (1970)¢] v o & 12 5%
acrylamide A& A}83sled 7|95 (30 mA, 4 hrs)
slede}h. A7]93%5F Coomasie blue (0.1%)2 A3}
o] 10% ZAZ 50% webs2 g sgle).

A7 FAM vepd Al ule] i 1 E 7]
7] 95t FAdEE dFE FA Q5005 o4
Western blotZ z}7} 33] AA|3led Felglglom o
E9] ¥FA T (intensity)Z $HEFH 150 mlE ogEn)
2ugS EFslE dFE sampled] WHEA T v Tl
=

6. SAEXHOY By

ﬂ.

99 Ao WEL Iso Y Dz R A3 42
AZee sATFEA MHE W] Aael F12A
QFeoA7L GAHE 1.6uMe] lso 103 5 B
FaAY (n=3) 16 uMe] DzE 5% 3 #fisix
1.6 uM2] IsoE 108 F<b @73l (n=3) M2 )
ook, AYZAT 2ol AUAL I3 Pelsio]
3% glutaraldehyde (in 0.1 M carcodylate buffer,
pH 7.4, 4°C)2 1A 3t ¥ veronal acetate buffer
2 AT $AH ARA B8E AR Epon 8120]
Zojslsdel. A S-S 9HEe] toluidine blueZ ¢
Astel YZALE BT F 70nm FAY HHAL
9tE-o] uranyl acetate ¥ lead citrate® o] &3}
o F3AA30A (Jeol 200CX, Tokyo, Japan).
2 FAslodet

7. SAHz2

RE EBEALAE JF+EEHA(SD)E £7]50y

o FEFF 449 Hxe Wz AEE 7Y

FA vlaEslr] $ste] t-test® HAAFAL
o, Aubesd] HilRol: IHr|HAA e oS
ZAskde. pakel 0.05 ol&ie]l A& FATHLR
Aol sl Aoz zhEsigdch

7
1. B34 75 HEY He

71%X19) LVDP (left ventricular developed pres-
sure, FHAA 57 HuidHd o9y ), 4
459 (dP/dt), A4 ¥ LVEDP: 247 83.5
+6.6 mmHg, 925196 mmHg/sec, 150+0 bpm
(beats/min), 8.0%0,0mmHge) %t}

IsoE Foq3ld W= A (inotropic) 2 WAA
(chronotropic) %ol =A Frlslglorn AA 27)
+% 5 ¥4 Bqel AT Y, Dz FofAle]
£ ueg 230 o AsHelon gu BAS
A9 £ 4 ¢dolch (Fig. 2). 1.6 uM2] Iso s 4z 5
o3l LVDPE 7|54 7] 194%71A] FAl4sledc)
7b 12 olel 81% Ax2 ad F MAM3) F1e)
o 97% AEEF FAsHT}t. Dz (16 uM) FoF
LVDPE: 18 oo 7154 7] 76%7tx] 714319
o ol A3 F)alo] 95% AL FAHU0,

Iso (1.6 uM)E ©]3} Fe3ld LVDPx 7|&4d 39
190%7HA] Z7}8tgiek7h 2~340) Apw 7)1 5A ko)
TA%E 7343t om o) F MAs 215l 7|3 7

o} 96% AE2 FAHAT. 16 uM 2| IsoF A F
oaim LVDPE 7134 39 204%74A] §23 271
A et7E 18 ool Zhaated 5io] AHsp 71EA
7o) 78w7kA] EEatdom o & MAE| Frlale] 7|
F4 %8 90% HAEZ FAEHAG GHA] 160 uM 2]
Dz& Fe3lW LVDPE 7I1EA #9) 51%714 24
g F 53] Alatsle) 3~4%o] AFsle 79%7}R)
Z7ksk ek Iso (16 uM) S o]3} Foisla] LVDP:
718 Fe 202%74A] Frtskadetrt 234 oo
TINZ FAadf MM Zrsld 7184 7o) 92% A
52 A3t o] A E [soE Fojsty LVDPE:
F73] Assln DzE Eo3by 74482 o £ gld
2o AZeSYE LVDPS v|53t M-S ve
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Fig. 2. Polygraph tracing of dP/dt, left ventricular pressure (LVP) and aortic pressure (AO) during experi-
ment. Isoproterenol (Iso) increases inotropic and chronotropic contraction and frequency of arrhyth-
mia; in contrast, diltiazem (Dz) reduces frequency of arrhythmia,
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Fig. 3. Changes in the left ventricular developed pressure (LVDP), contractility (dP/dt), heart rate, and the
left ventricular end-diastolic pressure (LVEDP) after administration of isoproterenol (Iso) and
diltiazem (Dz). Iso significantly increases the LVDP, dP/dt and heart rate, while Dz slightly decreas-
es these parameters. LVEDP is tended to progressively increase in accordance with perfusion time.
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Fig. 4. Changes in the: coronary flow after adminis-

tration of isoproterenol (Iso) and diltiazem
(Dz). Iso significantly increases the coronary
flow but Dz does not influence on the coron-

ary flow.

2 3 4

. Baseline

© 00 N U W N = (D -

ool 7]|&H Zto® zhidlyet ohA] 160 uM Dz
g Foshd ANEee 143+8bpmo 2 A
7t 7184 Fez 3EH e Iso (16 uM)E oA
Eolsle 183+13 bpmoE Zrkslg s}l 2~38 o]
Hell 7134 Fes A4sqr. o4 Isof 7o
s AutEeE 8X3] ks Dz Foe AlvE
Foll 2 AL vAA FEE 4 4 A (Fig. 3).

Isot} Dz& Solsltiels LVEDPo: 2 w33
Uehl A kgten #FA|ke] 715t whel LVEDP
= AAME Frkske A%E Jehiddo (Fig. 3) Y=
7.98+0.05X, 12=0.89, p<0.01),

2. HHE(CF)Y W

71EA9 FEFFS 28.5+0.55 ml/mine] F.
1.6 uM?) IsoZ Uz} Eejslm CF: 30.240.75
ml/min® 2 F7}8tg o7} 28 ojujel 71EA oz
ZHasgeh. Dz (16 M) 3% CF: 28.7+0.52
ml/min®2 AEA %3 & FolE vepiA ke
Y Iso (1.6 uM) S o] 3 $eshul 29.8+0.41 ml/min
o2 Zrbsget 2~3%el Add J1EA ez

S 6 7 8 9

P e e W8

. standard containing 2 pg albumin in 150 pl buffer

. Just after 1.6 uM Iso treatment

: 20 min after 1.6 pM Iso treatment

. Just after 16 uM Dz treatment -

. Just after 16uM Dz and 1.6 uM Iso treatment
: Just after 16pM Iso treatment

: 20 min after 16 uM Iso treatment

. Just after 160 uM Dz treatment

: Just after 160 pM Dz and 16 pM Iso treatment

Fig. 5. Western blot analysis of albumin leakage. Albumin leakage significantly increases after isoproterenol
(Iso) administration, however, diltiazem (Dz) does not change or increase albumin leakage.
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Zastedel. 16 uMe] IsoZ Fojsld CF: 29.7+
0.52 ml/min2. 2 Z7}stgitir} 28 ol 7134 7
28 zhasgel. oA 160 uMe] DzE Fe3w CF
L 928.5+0.55 mli/mine2 W3t o Iso (16
UM)E o)x} Fodslm 29.5+0.84 ml/minS & %7}
izl 2~3% oo 7|EA HLE FAIT
oJAoZ Iso T CFE dA3 Z7M7u (p<
0.01) Dz Fel= CFel| & 3-& A=A skt (Fig.
4).

3. ¢4RQ w&

gpotin) o}F23 o] 3 9= sample?] WM

Aol Wa JEHANE He o) @R 3ol
F2HR} 1.6uMO) Io® Y3 Fojahw A
ZEyH @y §5 wad T8 BAYD
20%0] Aze FolE o A4S 16 M2} Dz
2 sy 9¥Y 30 T8 AATE i
on) 5F 1.6uMS lsoF ol Folahejeis W43
%% AEd: 2 WA vehiA gk ae

T,

fis

16uM9} [soZ oh Fejahn A3l $5L Gl 3
Aot A%E dehhglon olsh 2L AFL 16)M
o Iso ¥oi¥ 2030 ABakAA, 160 uMe] Dz
2o}, 16pMe] Iso o) FoJol= & WHE hepy
A ok} (Fig. 5).

Fig. 6. Ultrastructure of the myocardial cell membrane. Cell membrane is intact and the glycocalyx is well
preserved in the control (A); however, partial disruption of the cell membrane (arrow) is seen in
the wounded cell by isoproterenol (B); cell membrane in the diltiazem-pretreated heart (C) is
relatively intact and contains numbers of electron-dense plaques (double-arrow). Bar=1um,
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4 NZHESY oy TE A8

o A2E AU Ade] ASMEGE A2
e dHAel Fepien 73 (glycocalyx)FE
vl 2 BEH] il (Fig. 6A). IsoF Feid
AYTe) ATHERE 2R AMETY 2d45S
o B3 5] W F3A] adsta (Fig. 6B).
a2y DzE WA T3t oS Fogt 459 A2
A ETel e AELA g Axdert 52 &
4 (plaque)£°] ¥EHUAL A4 L o T (Fig.
6C).

U -

1. Isoproterenol 3 diltiazemo| AZM EZol| ojx|
= g8

Isot= Konzett (1940)ef o] AHEo=2 ofeizf-go]
o]zl ol FEAN U LR A5 Al
£ = gEelth Isox aolZHdRA 444
A9 AE3kA 43 pel=HEAA £EA 9 N-
alkyl7] & A gkt 2H8-5 viell = 23 377
249 obleltt. Iso RE Bol=ddA 444
of ZHg 2AEE veplr] el AR, JlAE S,
EATY g3, AF Sd F2 o A4S e
= g2ty Isod FEFLE AMSEE g2 R A3
< AT BR AutEFgs $57] el A45EY
7155} AR FETo| o ghEE o] glojA PAFA
L2y 7oy 7IAAGRE FHoz ASHA 9l
o} Aol w g het Aoz deA 9ot Isod F
A2 dorp= FA FFo FAEL 2L Fle Fol
9 A% 4= A= FodE dopf= AMo
o A=7F 2 Ag Aoz odelAd gley Ronafs
(1959)-& 3 F o] AIHo 2 [s0F Foldte] ATHA}
S e oY JER] BA FAbel dodd AgA
2 29392 Lockett (1965)% UAH2E Iso
oA FA el M ubE E2 g ALS
2 ATHAE R ARARAE dold 9l
& Basigel. o] F Iso FolZ AT EY I3,
ARIA 3, 249 BlF, A xale] A9 =, 4
AL g, dAe] F& ATHEN $E5H F

lo af

do o m

ASZHE mjAT2e AR HEE zede] w3 F
A (Jennings and Ganote, 1974) o83t FA ZA+
52 2asl 1 A Ao Bed Yot
(Fleckenstein et al., 1975). =3t A& AF E7|A
FE ol 43 Aoz Ak Zas FAL AS Iso
Fod2 dojite feA A% ASHE vl4FxY
Hagd 722 Hikgo] delde]l F9349 (Kim
and Rah, 1988).

E AT vzd d2 FEY IsoF bolusZ
T3 A of WA P HEY o= RAIFH
Fol dAALz Frlslgen 53] Ao el
FaHeR &AL Y2 el AF AAFHAE
ofo] Wksle] DzE HFA3lL 58F IsoZ F43 7
(53] Dz 160 uMZ AFoJ3hd) FA HHA 3
< FAasg o WAA fEds Wiy g #d
Fol= & 4 nAA Akt Iso FoiA] AP FH
Fo] F7hst 942 FAR oo £ AgAnzF n
Fof BotmddA FEA 2AFo whel oA WAA
9 HHAY $5o FrleRE 2R oxFH FAS
g F2d9. a8y DzE AFAE A4S [soF Fo
B F depbe 2A9) P} 949 g
ZE Dz AA 7} potmddRA g AA 2F4s
o ot AR = g ZlAoz el A<l
T WA goy Dz AFe 3 ATAET et
O AL =7} v 2y & ] $H0E v|Fo
9 Dz ASAELY AAAZY FFEE 74
3 A sled YA o ATHE gl M gtog Eole
bg 24 7bso) $oEA YTALE BE
ALz FEId. ATHEY vebd Fetart
EAES TP QA & 5 AT 2 3§
A 22 nFeo] Eegme JYES gALRE
3 AN DzE AFAE ¢ ASTHEY, 53
AT ERS] WEollA g AFS TIF) g
v FYT FREY 75l Boh webd
Dzell 213t ATAE RI3EIE= ARAY 232404
o Foll M) Aol g Aelely] e ATA
xute] A FARYE 7|dEe gkt fge)
Ho o YA #ACF S AR A7 el(Rah er
al., 1994). :

o}

£ 2 o
2ol au
oo of

At

A
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2. MM ES 2430 270U RE

Hn) e ¢ 69 kDaol w]wA =z ExjeFe 71z
Y3 A EA Zhol A qtE A A AFERL fA4
o A FAAQ F5E Y3 oLl A
EA s FEeu) o] T AEHE AddFE &
YHA) (carrier) 9&g FAFS & deiA Qg & F
A2 AA 725 7P xS 54 4 9L
v Azt A} FE2E A TS B AEd
g 5% & 3id ASAEE 593 $E5-ogE
Fog A A& 7[AA Fel xFH] XA &
Ahe ohel slvjElx o] Eul M EL&A (cell wound-
ing)& 4L 4 U o8 Y &, FE AL A
A AME 25% AEL] ATAToA THAFHE A
o=z B3I g)}(Clarke ef af., 1993). 12} A
4 A E £AE 92 AETE AZFHA Eeha
43| el o] 2% Zo] oz} A TFF (resealing)
22 Py 9 75H2E QAHE Aer UHA
ol=d, IsoE Fo3 ATHME (Padua and Kar-
dami, 1993)v} %% FAZ (Morrow et al.,
1990) 9| = bFGF (basic fibroblast growth factor)
o g mRNA #¥eo| F7l8™ E£3) HF 7 3
FAAAANA IsoE FoIsld FFHF| bFGF =22
F717F dolubs ALR u|Fe] HEe] AEFHE
T3l AEWAM whoz F2lE: bFGFe| 23t 2
&899 Ao delvle Floerg FZE33 9
(Clarke et al., 1993).

2 AT A% AA FEY 2 2
71EA Zhell w3l Isod S48t A }
ot Dz 16 uME A Fe3t A¢ ¢ 552 7
23} olohe WEA R 160 uMe] Dz & o
3 16 uM9] Iso g F48 A$ AA FE4F5e &
Ful ekl AL Wt veldAl gstel. 16 uM e
DzE AFA3 F ¢Rul FFe] T4 AL BFA
of 9|ste] wash-outH= GF ol AzHe] BFef
el Fradted vebd AR §Ad 5 9let 16
uM2] Iso FodF Dz HFedeli= A glol &5l
Zo] A&d e dFEn f32<k3 HFdd 93
wash-out Aleleli= #HA 7L A2l ¢&& Jepl= A
ojt}. o9 AL ¥|wAH F& R Iso TR
e g Ade ATAEY &8 Dz AR o)

g apae o
o

x

P
Py
o
ofN
N
N,

E
i

g 4 Ao ¥ 529 Iodldx 2 Absael o)
$ Aoldg AT YT e olea A%
2wl d¥ule) $3 AR MR SAUES
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