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Experimental Study on the Myocardial Protective
Effect of Verapamil Cardioplegia

Pyo Won Park,* Sang Hyun Sung,** Jae Il Zo** and Jae Ho Ahan** Joong Ki Lee***

Using an isolated rat heart preparation under both aerobic and ischemic condition, we observed the myocardial

protective effect of verapamil cardioplegia. Isolated working hearts were subjected to global ischemia at 25°C.

Before ischemic arrest, rat hearts were treated with cold potassium cardioplegic solution (K=30 mEg/t) in con-

trol group and cold potassium cardioplegic solution added with verapamil (1 mg/L} in other group.

After 30 min. of ischemia, hemodynamic parameters and creatine kinase leakage in coronary effluent were

observed. Verapamil group exhibited greater percent of recovery in aortic pressure (p<0.01), aortic flow (p<0.01),

and stroke volume {p<0.05).

Although there were no significant difference in creatine kinase leakage and the percent recovery of cardiac

output between verapamil and control group, verapamil group showed better myocardial function. But the

time to recover regular sinus rhythm was significantly (p<0.001) prolonged in verapamil group.
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slow channel Z}edA]ql Ve-

rapamil Nifedifine diltiazem® vfok3t Ad= 7
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Verapamil 4Ax|}& 4Z&%7} normothermia
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z]z}52 isolated rat working heart system of]
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1. Preparation of Heart

Pentothal 10mg(40mg/kg)$ 3 &8 F4}
i 5~ 10% & viHsh Hel aA el A5 33 s
3. external jungular vein-% whg|dle] heparin 25
mg ¥ A ARk

2R wA AAg F AT AFE

old] internal mammary artery & tlx|z| ¢5% F

& A9t

3, Perfusate

A-Fol & modified Krebs-Henseleit bicarbonate
buffer §-8-& 2pgsiglon 2 482 13} vt
ol S ulE o & 2L CaCl, 9t NaHCO; &
442 7 A2 olel Alxlo] A7A Wt ol

AFHS 95% 0,9 5% CO,7t FF=e] 37°C 4
elell 4] pH 7,38, PO, 520mmHg . PCO, 30mm Hg
ojgl e}

4. Langendorff Perfusion

100 em AMajol] 9= aortic Reservoir o] 4 100cm

olsl v}, x;}@.o%og% %a‘]_,d- o)l A 9 3 )
4": * ;] :a # L ij o o ]Ai 4] 0:1 ' Table 1. The composition of Krebs-Henseleit bicarbonate
3 A w [ = 2} 5 & X o) o B ox 5
S 7w AAlS AAR Tl DAY RS ARk buffer solution

2. Cannulation

A% Z4 Wzt Agdso] el o 5ol 16 Gage  Component mM
g Abolstar AARE & Left atrial appendage & NaCl 118.0
E3ll 249 side holeo] g+ 16 gauge 28 i KCl 4.7
Azl oj 53 sk4lake] Catheter & 7 line o CaCl,-2 H,0 25
AZ® = 371% sl AAske el Faskd A% MES0.-7H,0 12
L EU “dﬂ A sk Alubgoel AlztEm 244l uhslol A KH,PO, 1.2
SiFelo] AFHo| Vown| amel 24w} lineol] o Na-EDTA 0.5
735}, NaHCO, 25.0

Langendorff Perfusion®| 3 w59 7| A 32 A Glucose 11.1
Akl $449) §3FE 5ol Foh

heat
exchanger fortic.
[ 3.4
Ot O
R aortic
cardioplegic flow
solution &R

filter

roller
pump

pressure
A chamber

pressure
monitor

water :
pump u coronary
2 effluent

Fig. 1. Schematic drawing of the experimental

model
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H,09 ooz aigHue d{sds 10855 3
224 Al o] Hol g3l xall TS A ATl o] W)
#-& non working heart model 24 -S™2 E3t
Yol & siabEmlg g FALwE o 1ow he-
art chamber ofell 72l -& Bl Rol4 HAlzew I8
+e EFH3eb(Fig, 1, 23x).

aortic
reservoir

14
neart
chamber [ j]

coronary
el'f'luent

Fig. 2. Langendorff perfusion (non-working heart system)

5, Working heart system(Left atrial perfus-
ion)

AAAak 20 cmol] $) 23 atrial reservoirol4] z}

i Bt 2t el o8] ol F

Mo vhEse] dit }AEHE F4 coronary f

T dP= o) 59313 Pressure chamber &

B33k 100 cm Abukoll 913+ Aortic bubble trap

o8 {FFEH Heol g ok ZA3ke Aortic flow 2

Aateh  olal coronary flow#}l aortic flowd &%l

Aol AlubEapo] == AlvbEa, o 5Moke, Stroke

volume 5-& &3} (Fig, 1 33=x).
C) Agrie
aortic

aortic

bubble trap
flow

pressure
chamber

atrial
. reservoir
AR q i
heart
chamber [y
coronary | |
effluent =3

Fig. 3. Left atrial perfusion (working heart system)

1. Aortic Reservoir

Aortic Reservoir 4= Shiley 70S bubble oxyge-
nator & Ah8-3lg] on] oxygenator 2] gas@hel] 95 %
0,9 5% CO,& lung machine (Sarns, U,
S.A)el ol&ste] BFshga Heat
exchanger+ dual Cooler and Heater (Sarns U,
S.A)= AR&dte] ehpele] 2w 2 37T R fx417
(=5 Ol Aortic Reservoir & ool /%3t side hole
Oi] inch Tygon tube& o7 g} 945ol-o
reservoxri dd EejA gl YAz =
T Ad+h

2, Atrial Reservoir
reservoir& 4l &F Al 20 cmel]l 9= s
o] -3k .
Aortic Reservoirell4 W& 5.2 offolo] &3} gas
9 =l atrial Reservoir @ $o]9u| =vf ol 4
AR o] 4 side hole S F3
bl giet.

3. reservoir

Heart

flowmeter &

atrial

sk 4%

atrial

4] Shiley 70S bubble oxygenator &

reservoir &

reservoir = Shiley Cardiotomy reservoir 4}
43 o o] reservoir ol 4 —}Iinch Tygon tube &
Sarns, roller pumpd] 17 t}s] aortic reservoire
A gl shsich
ololl 30p el filter & 283lgrl. Aortic Reservo-
ir2} atrial reservoir 2] o3 421+ roller punp
o A S 2o R A HAH ol
o},

4, Heart chamber

o] reservoir®} roller pump 4}

Heart chamber fz|a-g o|83led 38Co *
of wabsted Alxdel 258 3V CE FHF + YA A
A 4ok chamber o] ofej %2 Fujo| glof aARs
W oAREe FAY F o HEL ol abal 2l
o] # Alxbol] Eolz}iL myocardial temperature
probe(Shiley, U S A)E $4lalel] mAal el

5. Pressure Chamber %

Alzb AE 20 cmel] Y22 900w 3ece] plast-
ic A1 olgaed §& FA(ImDE Ay 24
Aol W oR AT o HAbHal o E oY F4l
= A% + vt (Fig. 43t2). ol 5933 Pressu-
%Tygon tube 2 oA g on] 3 4fo]
oA 2742 3-way & 4dzdld ofelE 3-wayi Pr-
essure monitor(Physio-Comrol, U S AE o4
sl dlEHolde ZHslgin =L Langendorff

aortic bubble trap

re chamber o
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perfusiono| v} AlGx|H & Foldhe Ao AT,

6, Perfusion line

o} S 3} z}4lule] perfusion line-2 %
gon tube <ol % Tygon tubeZ Yo} 2 4lo] 2 38
T Bol =gshA] sto g4 2Folo] Aortic or At-
rial reservoird|4 4o g Sk Fob AL o
At 5% Fx47ch

7. Temperature regulation

Perfusion lines} heart chamber= A& 2 o7
5] Water pump (Haake, Germany)=® 387C9 &
ol x3kAl o™ AA XA heart chamber =}
Branketrol (Cincinatti U S A) & o] &3} A&
=5 WH o

inch Ty-

D) AEAZto otz w3t

A E 4] o 5 Pga 24l ulabe ANglEha 10
%ol Langendorff perfusiong 443l o]a 4

Wz g el S &R 5k3. working heart syst-

1) Langendorff perfusion

em o R ulFo] 10 -H-3o| AMES, ol EHqiE e 3
Agon = 10 #5¢ Eove F4EY AFek T
wubZ-ek AlabE kS Aol ischemia 8] FJRE| 2
ol g3tk 2% Al 4lub 60 cmol] $=3E AIA A A
(B23a)E 235 F(F Tee)dlod AAAE
A7 o o]9} T Ao heart chamber = Blanketr-
ol & ol g3l Z-Fo] @3t mz 41T £xE 25
T A2 FxA47 30854 Arrest § W AyS
FA3k 37 Ce 95l o8 Langendorff perfusion

Table 2. The composition of cardioplegic solution

Sodium 108.8mEq
Potassium 30 mEq
Chloride 112.1mEq
Bicarbonate 24 mEqg
Dextrose 5 gm
Mannitol 10 gm

preischemic

2) LA perfusion

o] 1
AUl T e B S A
TR, B0t . A R
kil S TAIALRE R
1-““‘1 | ‘.\d;“'! N
T il R AT
t:H H! f Wi l 4} iy ‘1 i
IR R L
ﬂi}rﬁ L e e A R
preischemic postischemic

Fig. 4. Aortic pressure
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Fig. 5. The time table of perfusion in working heart model
(in min)
* cardioplegic solution infusion
LP : Langendorff perfusion
LAP : Left atrial perfusion

5ok Ao o] Feke] A, o)
) g5 sl o] Creatine Kinase activityd
ZAg on 2% c}4] working heart & sl o5
Aok, A EyutE ek AAE AR, ANEST &
Haldel (29 5 3h2).

=

E) ME gAY

] 7ol A= cold potassium cardioplegic &
(6~80V & AHAE A7 2] Verapamil Foll 4+
o] ool Verapamil & 1mg/1 =HA| 7kt A8
et 4 22 42 8ntele] FE 4o, Ay
HEyaty, AldbEy, o $9ubEal A4y

4 Stroke volume-2 preischemic working

i
e

heart

Z-4z]ol] W3+ postischemic working hea-
rt 30379 FHAE EER BAG $F g 4
w3l postischemic Langendorff perfusion 2]
A arolol| -5l Creatine Kinase activity
ZHste] A2 A2zFYgoz ol wwitgrh

2T 125CoA 1847 Az F &A%
Ret. = A4 H4 AhEor Fofew A7k

m]ru

I z2a M8F
1. 89st™ »7t(hemodynamic assessment )
A 2 FRrl Verapamil Fo] of7k -

ot BAA o= giglon] dl-F k2 Verapam-
ilFe] 83,5%% HEge2 dzxry 72,1 %uct 9
Rl FoHE Hglch o5 IF¥F Verapamil i
o4 FAg 3715 nglion) AT HFY Y AN
222 Verapamil Fo] <7k Zrls gl ot EA A
2Ja] 7t gl

Stroke volume-& AldtE4=2] 7}4, AlubEgke) &
7}2 Verapamil Foll4 $2]3t 2718 vgdcb(83 3
).

2. §2&X (enzyme assay)

Creatine Kinasew= 42
W a424 Aads 085
.

Z XA 3 Verapamil Fo| 7t 7haso] AZnT §

Azt glsl oy BAl A oux gl (Z 4 =),
3. A MuMECE 5|E5E A7
Abg o 3 BE A7k Verapamil Fol] 4

Table 4. Creatine kinase assay

Creatine kinase

Cardioplegia
(IU/30 min/gm dry wt.)

i N o - K 8 204408
=5 o ol X L - = x
TS BT 4 student t-testE o1& p oy 8 18.64£0.7
o wlzalgch. NS
Table 3. Hemodynamic assessment
Percent recovery of cardiac function (Postischemic 30 min)
Heart Aortic Aortic Coronary Cardiac Stroke
rate pressure flow flow output volume
K 92.3+2.6 72.1+2.8 21.8+2.6 81.8+3.2 63.8+4.3 71.2+3.5
K+V 88.4+2.6 83.5+2.7 39.2+4.4 87.6+6.5 73.4+6.8 84.6+2.9
NS p<0.01 p<0.01 NS NS p<0.05

Values shown are mean + standard error of the mean
K: potassium K+ V: potassium + verapamil

NS: not significant
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Table 5. Time recovery of regular rhythm

Cardioplegia n Time
K 8 1.240.3 min
K + verapamil 4.2+ 0.5 min
p<0.001

42%0% iz 1.28xc 4y Aoid Qlgich
V. m» ¢

ofeiztal HEe) 4T EalE 2HSA AT W
o2 &7, #(rat), guinea pig-2 o]83 is-
olated working heart system o2 433 whyzl
A, ool 94 5ol FEE Ao AeEaksiol 4
b= iy So] 9)=dl isolated working rat hea-
rt-& o]E3k uhijol spab AgtElm A S rapid scree
ning 3hs F2 vy o e glch o] Age| A4
< A7, AAA oz olAle] glon digke) AL
o gla AR e 4h8 9 Al A A s F4
A3 2 9lo] Hearse®™'® Neely?"2?, Tyers?® 2",
Nayler'® Goll 9] o] dFsle] gos el
o3Vl ozl A= gich

ol¥] A&l 4 Aortic Reservoir &} Atrial rese-
rvoir¥ Shiley oxygenator & 2589 reservo-
ir = Shiley cardiotomy reservoir -3 o|83t53
o] £ al 244} appendage & %3] cannulationdh:

WYE Agsta e
olal o] Hrbuhy & AR ASA Frhgy oz 4
MR MY, Y Y BYEY BFAS 34

¥ 4 9o, FAZ pazguon Ay 3
B dAE glfolo] creatine kinase FEE &4 3E}
2, Al ee A5y wyoa AZAE %9 aden-
osine triphosphate (ATP), Creatine
(CP), Ca®9 52 Z2H3 £ g7, s 2 47
B AR nATE WHE BAY + vk

ol Aol AA, B uhi% o83k Vera-
pamil A=} AZn s 35 BAsgch

QA el dee 2 SR bl
e AZg5d Aedshe Aer Caeol Alzuhd F3
AzHe ooz Az
reticulum Wel] F1% Ca-g ulE3dle] actin3 my-
ARAA $5ake Aol e shie 429

phosphate

9l Sarcoplasmic

osin S

A Y3} A 5ol Hodde Ao w4 nEe] AZAT
of+= Naol] ©]3} rapid inward current & Cao] F
2 283b= slow inward current 7} A& glov, S
-A node v} E3¥] A-V node 9| A2+ slow curre-
nt 8k F2 gho},

ole} 2+L Ag-L She Cag AR Foll4 A2u2
al5= AL vk Verapamil 59 slow channel
blocker o #8.2 AZ $Z28-& 7h4A|7)\ 3 Wkl A A
(A-V node)ell 4 Ax o g AMbEse] 744, o
25, A, AYHETe ok zdle AY

Al supraventricular tachycardia),

5 A (53

2EE AlFFEA] AT T o] Qlvh
& Aol = cold hyperkalemic A& x|edo] dz] A}
S5 a9l o 2Azke) Al AR Al AlTEALe] YERL

3 53 AlZu|Eoh Algt Ao AuEs AlZes
azr} dolAe Felgt AZREE A ofyE &
AR So) glek =3 Tyers 227 x2ye Aoz
A xsf o] gla, #AFYL 3ol Fs45IL, Na,
K-activated ATPaser} E&A43}=]lo] Nao] 3715
= Na Ca mgrjdos Alxue] Cax 7t
mitochondria ¢ 7|-5¢] 7Z+4Ad vt § k. Verapamil
< Cold hyperkalemic A&=|Ne] Hrpstey ARL3H
T AT Zeb R AlEY wE A A AAXE
ol Verapamil & 4&5ld 4hefe] 4129 mechanic-
al activityE Aoz ATPE & dee] A A5
A12] AlZEAE Fol Aol

Verapamil 4% =|o8o] 23t we A7 B3
Ha gixlat gahgr 48oA, M dde TR R T
ek, A-watel A, Fage dsiAde w3 XA
oto alglo|ch,

Watt =2 isolated rat heart o4} Verapamil &
AEd Aol T & Al AAFF A
U e Ca ol F7l7l AY glglx ATP7} RES L
v A7 AAded] Verapamil & F-913F Z-foll= Al
23 EI0) g AL Ak ol 22 o] 2 Watt
+ Verapamil o =pg7|Ao] AAFA] Ca o] A
I o] F% Abkshs Aol ezt A& 5t energy
STE FaAA AR AZREEIAE VeRE
Aoz AZAWc}, 6|8 zro] high energy phosphate
7} 3ZEHcdE AL Nayler (1980)*®, Boudillon
(1982)¥, Lange ( 1984)'%, Cheung ( 1984)% 0} 2|3}
Zwslglos] &3] Cheung-2 rat &
iac myocyte & 413 3le] Verapamil &} Al 83§

isolated card-
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e AZATY T55HE 34 Agory s
gl ATPE RF3le ischemiaA] AT &AHS Ealt)
1 #ch.  Bourdillon 2% 2 s%-+4]o]l Verapamil o]
Cao] Az 29 o5& AIskx] Fdhz ol 24 o
2] Ca$®] +3o] slow calcium channel o] oz}
Nas} wgo] At b plasma membrane 2] -5l
2] gk Aojebar Fal o)

Ca o] Alwtdlo} Al 283 g3l AlZ2x7 37°C
"LEH"H"? Holviohe AM-2 2 dedA gloyssIns,

), AZexst ezl w2t 2 gabsb gashe A
4 Bolw givh Nayler (1982)'9%& &7 % o] &3t
isolated working heart systemeol]4] nifedipine~]
AA4e] Fart 25CellA 43 WolA Y 2w of
7k nifedifineS A 75 g3t7F ebir ow] He-
arse (1984 )%= isolated rat working heart of 4
Verapamil Al z|efe] gafst AlZ25 29°Coll4] 26
T AbolollA] #7438 Wojziond 24CHe= axbt o
At oo x4z} Verapamil o =Hgr)aio] 7
2 ol ohd s} F&3ch

ol AYPNAE AZLE 25T Areoll 4] Verapa-
mil AlGA|Hg ARgat Aal AZRTEH FHel T
$3F AvbEy 9 AA4EYe) 42 Creatine Kinase
activityoll 4] R71eQl A28 T aale gl ot FAl
A oo) glgdeh =3 Verapamil F57F o]- A%
o ol b F2 A3 EAE Jehd x|l sl 4
% o] BEslcl. Yamamoto (1983)%°& jsolat-
ed rat heartol 4 0, 5mg/L7} 7}4 H3gicke 8
©=n Balderman&V 274 o] 83t 2 gg 2o
4 0,15mg/LS 483t 2 Hicks(1984)=® s
e ghatoll 4 1mg/L-& 4§tk

Clark (1983)-2% Ca alcba]e] #zpe A1A = A
RNk AATAl wel FY" EFge] oS F8
T A asety Yok

olel Agoll 4 Bol3t AL z Hi& %
ARERE el A H Ak o) rJH"VL Fotew 4] 7ko]
o)z wja 2ol ekt Ao Hicks (1984)M
5 AR ol Agbaol A A BfA]l dAlE ) Al A=
o] gle] o] &<k o)bxl 24l4 e w2 wolof ghrim
oo o H-fo] 30-Folulo] HAF 4jutgoe Foly
o e

3+ Hicks (1985)+'® Verapamil 4Al#Ax)Ne] =
Ahg ol Agaql AdEgNe] WAnl g F

©
ek gos 2 o2 FHF wdgk 4l

Verapamil &

#E Foln

+H3 a3 w Foleby #cf

a4l Verapamil 4lAx|of-g m4HeE4 gl ghxfol] 4]
gabro g 2h8sm glov i Azt 4w de] 4
F o odowd o wmE A A7t ook

=3
v. &8 E

isolated rat working heart system-% o|-£3ld
Y Yeby AR x| B-& 2FL5 o) 2F 3} o| 7)o Verapa-

mil & 1mg/L #H7}3F Verapamil #+<& 4225 25
T Aol 4 w)lmd A3 epg3) Zgkek
1, o5k, o F9YutEaE Stroke Volume 9

3]-5-§-2 Verapamil o} ojzFxRc} §23F =715
wglo BAFY e ANETe oolgde 25}
< dloleh

2, Creatine Kinasex Verapamil o] t 279l
ael A FES Qe FAA vl gledth

3. 44 A¥Eoe Folex Azhe] Verapamil #
o] 4202 wz 1.2 val Aol gt
(P <0.001).
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