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— Abstract —

Effects of Myocardial Protection of Verapamil in Serum
—Under Langendorff Apparatus in Ischemic Arrest Heart —

You Hong Suk, M.D.’, Cheong Jung Ki, M.D.’, Lee Dong Joon, M.D."

This study was evaluated the metabolic, physiologic and histologic effects of myocardial
protection of verapamil{isoveratril)on isolated rat hearts to 90 minutes of ischemic arrest.
Heart was perfused with a modified Kreb’s Henseleit bicarbonate buffer with glucose and
arrested with retrograde coronary perfusion by glucose insulin(GI), potassium and ver-
apamil.

Mean aortic systolic pressure, heart rate, coronary flows were measured and morphologic
changes were examinated during working heart perfusion. Perfusion and arrest were con-
trolled four groups subjected 60 isolated rat hearts. Four groups hearts reperfused during
40 minutes after 90 minutes global ischemia for physiologic recovery. 15 hearts of four gro-
ups were assayed to histological morphologic changes.

GI treated hearts recovered less than 28% of function and changed more than 80% of
mitochondria of control group. Verapamil hearts(0.2, 0.1gm/kg) recovered more than 88%
of function and permitted the maintenance of continous cellular level of Serum Glutamic
Oxalaxetate Transaminase(SGOT), but declined 28% of Phosphate Kinase(CP), GI tre-
ated heart showed widespread evidence of extensive damage of mitochondria. The damage
was that interstitial huge edema are present and there was contraction band formation wit-
hin the swollen cells, The verapamil and potassium group were not found morphologic cha-
nge compared with control group.

Their functions were shown that metabolic and physiologic action of verapamil-group las-
ted 20 minutes longer than potassium group.
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2gdez JeElEA 44 FFEgiole LK
¥ #23 high energy phosphate® 1@A|7 |2 &
AU HAZE dojdri-,

&8 LhEEe £Be, BN R YE F
¥t} cardioplegia 89%8-& AAE arrestdtd L
e 48 244 ATPS CPY &4& HATe
2 39 ischemia®tel ATPS CP9 storeg& &3
ST BERS KIS e IS BE BT,

Ca™*e A4 LELES BFH akolw Cel-
lular level®] 9l cardiac energyel 8¢ 8 23§
L ES =

2 AygeME Calcium antagomistZe] 3l
verapamil(isoveratril)-& (v#iE#o] B7Hsbo car-
dioplegic¥} protective agent2A SgL 2AIA
o}, verapamil%' Ca*+o]&o] sarcolemmal mem-
braneo] Hol UoE AL Lot i L T4 LRE
Z9 mitochondria 71%& #A#H F& AL ¢
Z 8% ARdlojthl, hypoxiaol &%t &4o} th¥sie
ol verapamilell &3] gEED U} o] HPME
standard isolated perfused rat heart model?& o]
2.3 ischemic heart2 ¥ ] heart’} £ESny, #
kety 2 Bo] = &6 verapamile] PIX e FE-E A

S Th,

HOE K MBS E
1. Preparation of the hearts

200~250gm FAY VHE FEHIILY LRE
A&7 32879 sodium-heparin(2.5mg /rat. ipc-
intra peritoneal) & ZAFstdth sodium pentobar-
bital(0.1ml /B.w. rat. ip) 2 rat& H23| v}HALF
32T o3 rl 23] % heart& WA
8ty Z&A] iced physiologic saline(0,9% Nacl)el &
7} beakerel &Rth F£&o] P F(20~30 sec)HWh
LEBE U3 e mEe AAsD #id % L
HEAS WASY anoxiaFEiol M HEBANA F7] 9
% ice salineol A 13gaugeFAlulES FRASE dEF
ulof] Al@E 3ol retrograde coronary perfusiom®
A A st

2. Buffer and Cardioplegia

i ﬂ'»ﬁ B # 25 (isolated heart perfusion Sys-

tem)$! Langendorff3 &I E A18¥ BRHS
glucoser} H7tE HHE kreb's-Henseleit bicar-
bonate buffer (37 £0.5C) 422 A& BF LT 7]
BB Kcle g GI(10£0.5T) &4 AH&
stch. Bufferst Gl 7AA RS the 2} (Table
1).

perfusates 4449} o]atsietAv) 95:59] BlEE
ETgd Aoz 7Eystd POt 350~450mmHg,
PCOz= 35~40mmHg7l S AI8tal PHE 7.40~7.45
2 39k

Table 1. Compositions of Physical solutions

Kreb's Henseleit

bicarbonate *GI solution
buffer(mmol /L) (mmol /L)

Nacl 118.0 0.5
KCl 4.7 -
CaCl. 2HO 2.5 -
MgSO. 7THO 1.2 -
KH PO 1.2 -
Na-EDTA 0.5 -
NaHCO 25.0 8.3
Glucose 11.0 277.5
Regular insulin - 20.0unit
Aerating gas 5vol%CO -
PH 7.4

*GI=Glucose Insulin

3L REFGE

Langendorff model € ©}-€3le 70cmH02 WF
e £l GFEE buffer8d e BBk
Fulol 2§ FAME Eo7t oA FLA e FH
st kEIKCE WHAH L THRBKRSEZ I/ &
#5 o] SAMel coronary sinus® £8ted s ol A
iy HERE AR LERBLE FE2HE dFCES
HAY 52T KA 2 Bt AFM HAAE
coronary §&%8-& 2ol BiFch oA} FUL
#¥ heartihe] m#-g MUl ol anoxiaZ ¥-H
282 AAHZ retrogradeBFFoll 4w BFE
98l large pulmonary veing &<g138td 15 gauge
FAulE 2 #ES AT

retrograde 5%l fE#¥# LM(working keart
model) B2 wppo] o) 4Fo R KBE 10cm &
wrof] 91xi§ LA (left atrium) reserviorolA Bi#
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S ZAto s EHSHD
B% canmulacl &
Agdck,

FAAe) F£&o] gof W, LBlA 70cmH ol
$ 2§ aortic bubble trapgte 2 Tygon tubeE ¥3&
o 27t §942 Yo 2 transducer& EF &Y
o] Ag¥r}. o] overflow EHK M-S pumpel =J=)
go] Bt Folm B #if(coronary flow)E $
3 A& A A (hydrostatic) ¢HL FA3hd
xEBR#e AFTL HFD U WHES oxy-
genating chamber® E3lA &2 rotatory pump
o] 9}#lA LA reserviorZ HEol 71A sHct &k
Bkl ARANeZ §2H= A2 heart chamber
oz HA 1 pumpol 93} Tygon tubeE ¥ 3t
oxygenating chamberZ &8& A 3t BFIAE
AHg-38tE HFig. 1).

1587 A4 AFe FAsEA dEye, 3y
=9 #FF ANFFE 23S GHe Kk
canmulas] @] A2 ¥ transducerel &8 A
3, FEFHR-S drop counters} E&°] A& cylinder
258 tFo=2 183 Sampled 2ol 2353 ¥R
=3

LBEES Ho1E $18  Physiography(MKII.
NARCO) o A} pressure tracingdts 4448 ALt
3R YA A% 158 Fo LA e F

HAH Y ol 3t k®h
et2 7} (transducer) 2 B{F Yo

& line® %3 retrograde perfusiong Al 33t ch
%o kEbBR line& E1 90¥ I ischemic heart?}
= A stgc}. groupd M #  ischemic heart& &
=37] 9% retrograde MHH, 122 AEHSY F
£ 9& 3 goH(Table 2).

90 Fol A AA modeld AHE3te] BAIKE
AAsid. 220 Exi ™, A%EFE phy-
siographol A monitor3tal ZAJA A3 Jefolr
s /2] @ LB BES A% BExE d
I FrEesql WEE By o ABRF B9
¥4 e AV BFHEMARY BA L d9G
(Fig. 2). .
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A controlA| 7t ol &5 GIE AL ALR3 28
30 FUH 30F AL T3 33 ¢ ERE AU
F 3o LR AEEQ WS A5 08T F
Ezxe dAFAc. A2ze GlEde] potassium
(20mEg /L) &, A3FL verapamil(0.2mg /kg, 0.1
mg /kg, 0.1mg /kg)< GIKEdd) s Ao
& wgoz 9B ischemiag TE FUL,
A 4F& retrogrades} preischemic antegrade B/
=g buffero] verapamil(0.5ug /kg /min)& E¥a
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Fig. 1. Isolated perfused heart apparatus,
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Table 2. Sequence and Perfusate composition for perfusion Rat number

Retrograde Preischemic Retrograde CPS Reperfusion
antegrade i i) antegrade

Temp. 37¢C 37T 10T 37T

Al K—H* K-H GI* cl Gl K-H
(n*=15)

A2 K-H K-H GI+KCI* GI+KCI GI+KCI K-H
(n=15) (KCI :720mEg /L)

A 3T K—-H K—H GIK*+VRP* GIK+VIP GIK~+VRP K-H
(n=15) (VRP : 0.2mg /kg) (1,0 :0.1mg/kg) -

A4 GIK+VRP GIK+VRP GIK+VRP K—H
(n=15) (VRP : 0.5ug /kg /min. iv) (VRP : 0.2mg /kg) (I,0 :0.1mg/kg)

*K —H=Kreb's Henseleit bicarbonate buffer
*GI=Glucose Insulin
*GIK=Glucose Insulin Potassium

Isolated heart

Retrograde perfusion

5min
Preischemic ./
antegrade perfusion—- Ischemic—— Reperfusion
15min N\

90min /40min

{Examination)

CPK, SGOT**

Aortic pressure

Heart rate

Coronary flow
Histology examination

* CPK=:Creatine Phosphate Kinase
** SGOP=Serum Glutamic Oxalacetatic Transaminase

Fig. 2. Schematic representation of experimental
schedule

o FFII ischemias AT 2L HE L AR5
piR=3

g4 472 158 A 2EANE YRFoR o
& LEE HES 0EAR ANYF o BERE T
NZEES 4972 438 1 £PXNE HZERZ
I} vl 2 A M Table 2). et L BFK 152 F L
B3N BERY £804 2392 344y LR
F&3d LH FEE BES AXE0) Fee @R
g 2 A8 4 viasdo Az o4
FZ %) High energy phosphated] 2¢¢] H&
mitochondria®] 4=¢} 37| 2] 3 Freseyg) HE S
B3 #3 myofilamentse] ¥ A3 R4K (foreign
body) ] ‘H#&E R TS (Hitach 500) 22 813}

*VRP=Verapamil (Isoveratril)
*N=Number of rat
*KcI=Potassium Chloride

Ak ol 98 Imm*AEe L EHWE 0.1mol
phosphate buffer2 Z4J® karnovskyeo] A F
o ethyl alcohol& ol&3ted VA (30%, 50%,
60%, 70%, 80%, 90%)o.2 BAANRAT & 2HL
epoxyE Evhslz g (polymerization) st BT
fR$h o2 5300¥i)M ARAE HeF 1500002 o)
3t ot

153 E

LoCHRER O BpREX

preischemic 15838 dZ72 2 A% 3 ischemic
o FERANY VAT E ££9 dYToR 3o
g9 7% EAXE HAIA 3L 2L AJE
=L el= g

dxzTez AT LFLE AT BB BENA
RE Tol #EEmo® EEmY LROIUY = FA
fHog olg MAEL control?|1 Bt wEAAM
£BEHQ oW Aoyt oA et 60789 LB
A A cotrol periodE¢te] HFNFS FH71gL
8+1.3mmHge] 1 4325 4E B 249.5+5.9 bea-
t/min, B3 L FY BHFF LS 7.63+£0.35ml / min-
“lol i},

Table 3& A1& (CIZt AM&% 2#), A2F(Kcigt
AH2% 3%), A3F(verapamil} potassium ] 2)8#),
A4 (A Zoll A BE] verapamil H2]f)E 9 A%
A preischemic F¥$} reperfusion® o] g8 23§
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Table 3. Hemodynamic effect of potassium and verapamil(3.4) on physiologic recovery from ischemic arr-

est,
Preischemic .
perfusion Reperfusion
minutes 15 5 10 15 20 25 30 3B 40
Aortic pressure(mmHg)

1group 86+1.2 41135 42£1.2 43130 4140 43+47 41x95 339%15 31+33

2group 8+£1.8 79428 821+14 81x31 79+5.3 80+15 8120 81x20 82%21

3group 8+2.0 69+4.2 7018 T2+3.2 84+5.1 87+15 84+31 82+47 8549

4group 83%5.2 6738 71+25 66+3.8 82+4.7 86+31 8435 83+37 839
Heart rate(beat /min)

lgroup 258+12 21.5+12 20+£40 3918 41+20 0x15 1511 7+4 543

2group 24610 232+8 241+£9 2498 230+12 25118 247+10 234+10 239+8

3group 2457 1095 1458 19118 220+10 23511 2459 238+14 24249

4group 249+9 2+18 98+9 146%12 18519 20917 232+9 2357 249+11
Coronry flow(ml. min™!)

lgroup 7.5%1.0 6.3+3.5 12.0£21 11.0+£29 13.5+47 19.0£5.9 24.5+6.7 30.4+£8.8 28.3x10.2

2group 8.0+2.0 7.5£25 9.0£15 80x18 8.5+£2.2 8.0+05 80%£14 7513 7.7x1.0

3group 7.2+0.9 6.5£20 6505 7.0x1.2 7.510.5 80+1.0 7.9+05 80%£21 75%11

4group 7.8%1.1 6521 6.0x14 7.0x1.0 6.5+14 71£25 8111 8505 80x18

Value=Mean + Standard deviation
225 33 =P<0.02, 3T 3% 42=P<0.01

Zoltk, BEK T 4Z54AM Jdeivde dFH<L,
Aurgs, @ BHT PRIE VL ST v}
AcHFig. 3). BRHK A€ 022 33 BEg: 5
HE 5% DHLE AR TE 10%R o ¥att %
2 BASAS 120N E KBk Bo] thEFel vl
46.88 +4.8%71 HE ST, 3 EERRANE L
BEee] A2 A3t A FHEHE BolA B
#2720 7KK 3,479 #kko] potassiumEell
vlgted 7t Wi QAT IF B E potassiumT
3} 5% g Heoln Utk 27& YERFY 95
25+2.3%, 33 93.00 £8.8%014, 47€ 94.63 0.

6%°174°] A BHAD. 123 ¥ 2 & 2Z 7 3ZAe]
9] p valuex 0.02°13l9 R, 323 vla§ 439 p
valueXx 0.01°18t o}, o]& potassium 2} F 3} ver-
apamil* 8] F o] o olejg AR FAGEHY
alel7l itk Aeojtt,

28 302Fete Z47) & AMEk A B, A
A&A gL TAME cpkD AN BHE DT
Folx A GFFE Bolthrl 4Fe) AYEAN o1 &
T7 =B XA 128 B ASHA 2548 B4
t}. potassiumTS potassium FYXE HVFH 2EA
30% LAl arrests 1, verapamild Fof 3%

% % ‘ —
100 W 100) oo BT =E W
S—
Aortic 80 Heart rat 80 /:; - Coronaryg(())} /
systolic 60 (b:a: /ra;z)so 5 flow y o—o 23
pressure —_——— T — at /my 8 (ml.min~ o—as 32
40 ~ 40 2
(rormHg) 20 20 TR
20 o \.\

0

———

510 15 20 25 30 35 40
Recover time (min)

0
5 10 1520 25 30 35 40
Recover time(min)

oL
510 15 20 25 30 35 40

Recover time (min)

Fig. 3. Percent recovery of aortic pressure, heart and coronary flow after 90 minutes of ischemic rat

heart (comparision to control).
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30
CPK 2
(umo) /gm.-
dry weight ) 1 a
Pre- 1 2 3 4
ischemic

10 o
Pre-
ischemic

Effective serum enzyme levels of four groups. There were some declined in enz-
yme activity of CPK and SGOT Compared with control group. Post-ischemic
CPK level were equal to potassium and verapamil groups, while SGOT of ver-
apamil groups were decrease more than potassium arrested group.

Fig. 4. Changing values of serum enzyme after 90 min of ischemic arrest

9557 ZFARELE LI Y FQ BE $
28 Bojtir} 128 ¥ arrestI Yo 47N M
T2 Ax7t 4t o ZEA Dol A arrestAle
333 fAEHA e

A0 A CPKS} SGOTS #48 FAlete et
2e dAg I (Fig. 4).

CPK$} SGOTE tiz o] vste REFo] o43tHe)
#4E UEYY. 2E ZJE £% ol /gm/dry
weight®} unit® R AJ#9cl. baselineq! preische-
mic fE X CPK7} 25120012 SGOTE 5142
59t 121} ischemic 90E%F, Hadlx @ B
BISE X]== baseline®] 40%%3 =< CPK 10.04 +0.5,
SGOT 20.5 +1.58 7}1xx fUKch 3¢ CPK 17.
91+2.1, SGOT 46.7+3.9°]13 47& CPK 18.320.
8, SGOT 45.1+1.5& 2 el o}, potassium-&
verapamili¥ ¥ CPK$ 17.0+£3.02.2 zloir}t 1A
2 SGOTE 40.8+2.12 43t HolA AUH Fig. 4).

2. 38 W AU

37hel 2 BER F RSN RERR2 B
2 8] 4YT S RTFBMMOE BRIYT o
ZFolMe MEEE Aol <3t &9 bandE
7FA 2 AAQA T mitochondriag) Aty & 72
Eol ¥EH A g5 HAY £7) AU 1T
AXE o] £%44¥ band7t B& MAA JEIGT A}
o} Atele] ¥l zEpo] B ¥ EH ol #ige] WA=
A z=RavE Azde g 2HFEZ A pot-
assium Mgl Foly verapamil H2E 34TNME

myofilaments?l 2 ¥ bande R ¢ 22}
ole AY g WMz Pz BYch high
energy phosphate{! ATP(ademosine triphosphate)
o] Aol Beislm e mitochondriad] REMRS) U
& Z#Fn Utk $He] potassiumT I ver-
apamil#o] thEFol| ¥]std mitochondrias] FXE
o] M2z zeole giNen B3I HNERH ver-
apamil2 X ¥ Folrel MmAMiEE verapamil
FEANT 37T He b4 ¥4 BHHTable
4, Photo 1).

% =

verapamil& 3h}e] papaverine XA 1962
ey 594 8342 HE A8 2o 4%
Bol A5~1D potent antiarrhythmic E4€ 7HRte
Aol 2A HUony® HA verapamil®] antiarrhyt-
hmicz§-& 3 &3] §UE Fefojrps2),

¥ Y ¥ ischemia¥el .LF5e] WS ol
verapamil®] E#7} l=AHEAE AP el
AYESo] HE REV e 9T &3 HaHo
2 o)l AsME it c¥Ae) HSAE Fo} 4
File AE & EF e % E&5E Aol S 0
8420

& Yl MT verapamile] arrestA]3rE ¢tA & A
AZAAF T arresthijel +5%-& 7214 FU o)
€ verapamilX 27} A &A] gL LWEYE high
energy phosphate& ©] F B &3 Ftie ojvjoln
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Table 4. Scoring of the most typical ultrastructure symptoms leading to the preischemic myocardial cell
versus myocardium of protected with differential cardioplegia.

Ultrastructure
Mitochondria Vacuole Myofilaments
Normal Flocculent  Matrix Cristae Size No Contra- Contrac-
granule densities light broken cted or ture band
+or — + or — grading grading Relax. + or —
Preischemic + - - - - - contr, + /-
1Group ++ - ++ ++ + + relax. ++
2Group + - + - - - contr. +
3Group - - + - - - contr. +
4Group + - + - - - contr, =+

Photo. 1. Electron micrographs from the myocardium cell of isolated rat hearts subjected to ischemic arrest wit-
h hypothemic and cardioplegic agentes.
(A) Normal heart(control) (B) Non-treated heart (C) Potassium arrest (D) Verapamil arrest. Mit-
ochondna severe swelling (S) and disruption (D) and contraction band(arrow) and huge vacuoles (V)
are present in B,C,D are no changes compare with control group(A,B,C,D 15000% ).
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potassiumTIE FAFSHA JdER AR LE R
EEol A H.%0] verapamile L €9 H3g 714
skt

£, verapamilo] LBMERALE FYHE Catt g
&3 M Sarcolemmal BolA £X® Cattel 2
58S FAAA FI 7] HFolgiR-w,

Frishman® % verapamile] 489 $&%& A3l
A7l BAr] B8-S F AUETE 2AANAE B
% ohe TRKEE Z7HA FE $9 Ca*t cha
nnetol ¥ %L F3 9o Ao

Flecken-Stein€ verapamile] =3 sodium ion®)
MM B8 23R gevn @ o L8
ol M miamEir 85 LA AG A7
A &3 i RoluB® g LEEFE A
2l Eifb AW 4584 (oxidative metabolic pathway)
7} A A geEnta dR g gngve o &5
A% e d@aExrt WA 22Edn g
Z g7143 8k M B energy phosphateE 4 4+&}7] 9
#HA Lol HZE o 2le glycogend glycolytic 7
2F 589 71AR ol &3l Ho|gpEd, ol
2}8holl A verapamil ischemicE¢tel ATPS &4
< A8 g2 ATPE intracellular hemostasis&
fA8 Fed Abg® 28224 mitochondria}
Cattoz 93t 873 overloading® &1 29 #&
gtol & REHD e Ro|P~®, verapamile sar-
colemmal membraneol Ca**§& 23xce HY
€ 7% sle Rez Bt Catr &3y §52
verapamil-membraned o2 APV £ % U1 hig-
h energy phosphate 2] Hekel|M H2xtxdos d&
£71 AP0, B 499 siskhEol M E potassium T
ol1} verapamilZol A Ca**ell 2% mitochondria
o] W3lg 2471 g} potassium 3 verapamil o)
ischemiagle] ®mEALWe| £BRHY Aoles
verapamil 9| .L:ff B35 Feo] Bolxx @ew 3
EHE £58 NEAA £oe Aol A esA
Catto] ZA¥=HT sgdsle ZHol verapamil®tie
potassiumo] ©] w27 P ke Reloh F
2ol verapamile] Bi#ER TN &0 U= A
HE 4rit #1383 AE o] Frie FHo] A&
g®), ool g ANt W L BRI FL EY
£ F7] 98 & verapamil& F7lste Rol s3]
thi g 4 ok wHe] VerapamilAtgol R 8

o5

¢] ATPAR & MAM3] HfFe T8¢ €48 BdF
I AHE EE Eage] AT, 2 AY A3l
N X verapamilZo] 27 B} UM Azt XA
= EFE A2 B3IV L8 BEEY ZA0z HolA
cardioplegiaolt} protectiveA| A ZM potassiumgt
Abgdte AR eedittn ¥ £ gAY ver-
apamil®] high energy phosphate X &o] potassum
o8} o] FEEA REHD Ut el 7l B
EdoiMz & Jelvn .

5 BAloldl M g BElF 208 7MA Y £BRy &
A M 2ztel alo] g wolx gt 208 %ol B}l M
£ Aol oo g 238 7t Y & BERE
2080} A} potassium verapamil B 7o) T A
el zlo]7} Yl RO2 potassium-e EEIMNA B
434 (depalarization) & Y27 A7 verapamil-& &
‘BAC] FHE oA UAA 7] o B Aot

ZoFeos HY Mg EHKHENAM ¥E verapamil
S T AMEEER] Ew AR T L B
3ol BE xole LHY F UAXNT LMFL AIE
AFAF DA} s verapamile] o] potassium
B} 328 olFE 7 & F71 Utke Rold
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