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This study was designed to compare the effects of calcium channel blocking agents nifedipine (0.075 mmol/L), verapamil (1.1 mmol/L) 
and diltiazem (0.03 mmol/L) on myocardium after global ischemia and reperfusion in the modified Langendorff model. Thirty-two iso­
lated guinea pig hearts were divided into four groups (n:8) and subjected to 90 min of normothermic global ischemia, followed by 30 
min of reperfusion. Cardioplegic arrest was achieved by adding one of the three Ca2+ channel blockers to St. Thomas' Hospital car-
dioplegic solution (CTHCS). The percent recovery of cardiac function was improved by the addition of Ca2+ channel blockers to 
STHCS. Decreased lipid peroxidation and adenosine triphosphate (ATP) catabolism, protected total glutathione levels and ATP con­
tent of mycocardium was observed with diltiazem, verapamil and nifedipine when compared STHCS group. These results confirmed that 
addition of Ca2+ channel blockers, in especially diltiazem can enhance cardioplegic protection. [Turk J Med Res 1997; 15(2):49-55] 
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N o w a d a y s , c a r d i a c su rge ry is sa fe and effect ive with the 
current m y o c a r d i a l protect ion t echn iques . Reduc t i on o f 
m y o c a r d i a l i s c h e m i a is the mos t important factor for the 
s u c c e s s o f the opera t ion . A l t hough , co ld ca rd iop leg ia 
y ie lds exce l l en t o u t c o m e in myoca rd ia l protect ion, s o m e ­
t imes poo r funct iona l r ecove ry is encoun te red . In o rder to 
main ta in b a s i c ce l lu lar m e t a b o l i s m , ionic equi l ibr ium and 
m e m b r a n e integrity, m y o c a r d i u m has b e e n s h o w n to be 
a s s o c i a t e d wi th e x a c e r b a t i o n o f ce l l u l a r in jury: 
R e p e r f u s i o n o c c a s i o n a l l y potent ia tes the re lease o f intra­
cel lu lar e n z y m e s , influx o f C a 2 + , b reakdown o f s a r c o l e m -
ma l phospho l i p i ds , a n d d is rupt ion o f cel l m e m b r a n e s , 
wh ich e i ther a lone or in comb ina t ion result in ult imate cel l 
dea th . E v e n t s known as reper fus ion injury; rather than, a 
result o f b i o c h e m i c a l c h a n g e s dur ing i s c h e m i a , spec i f i ­
ca l l y o c c u r dur ing reper fus ion (1-5). 

Cur ren t e v i d e n c e l e a d s to th ree major h y p o t h e s e s c o n ­
ce rn ing the med ia to rs of reper fus ion injury. T h e s e are (1) 
f ree rad ica l hypo thes i s (2), the l oss o f s a r c o l e m m a l 
phospho l i p ids hypo thes i s and (3) the ca l c i um over ­
load ing hypo thes i s (1,4,5). 

T h e role of c a l c i u m ion in the pa thophys io logy of m y ­
ocard ia l i s c h e m i a and reper fus ion w a s first h inted a t by 
S h e n a n d J e n n i n g s (6). M y o c a r d i a l i s c h e m i a i s c h a r a c -
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ter ized by a r ise of cys to l i c hyd rogen ion a n d a dep le t ion 
o f h igh-energy p h o s p h a t e s . T h e d e g r e e o f ca l c i um ove r ­
l oad , i nduced by i s c h e m i a has b e e n co r re la ted with mi to­
chondr ia l dys func t ion a n d impa i red A T P ( a d e n o s i n e 
t r iphosphate) genera t ing capac i t y (7,8). 

M a n y p rev ious repor ts h a v e s h o w n that, c a l c i u m a n t a g o ­
n is ts , as an addi t ive to ca rd iop leg i c so lu t ions (9-16) or 
admin is te red in t ravenous ly before the onse t o f i s c h e m i a 
(17,18) c a n improve c a r d i a c funct iona l r ecove ry after 
reper fus ion . 

S i n c e ca l c i um ion accumu la t i on is b e l i e v e d to be o n e o f 
the pr imary factors that par t ic ipate in m y o c a r d i a l injury, 
we p roposed to test the protect ive ef fects of c a l c i u m 
c h a n n e l b lockers , s u c h as n i fed ip ine, ve rapam i l a n d dilt i­
a z e m , a s ca rd iop leg i c add i t i ves . 

T h e a im o f the p resen t s tudy w a s to eva lua te the ef fects 
of ca l c i um c h a n n e l b locke rs on (I) heart protect ion a n d 
myocard ia l recovery after 30 min of g loba l i s c h e m i a in 
Langendor f f pe r fused g u i n e a pig hear ts ; (II) l ipid pe rox i ­
da t ion , lactate, g lu tath ione, hypoxan th ine a n d A T P leve ls 
in myocard ia l t i ssue; a n d (Mi) c rea t ine k i nase r e l e a s e in 
the co rona ry effluent. 

MATERIALS AND METHODS 
Experimental Protocol 
Thir ty-two male D u n c a n - H a r t l e y g u i n e a p igs we igh ing 
2 5 0 - 3 2 0 gr we re u s e d in th is study. A l l a n i m a l s rece ived 
h u m a n e ca re in c o m p l i a n c e with the " P r i n c i p l e s o f 
Labora to ry A n i m a l C a r e " fo rmu la ted by the Nat iona l 
S o c i e t y for M e d i c a l R e s e a r c h a n d the " G u i d e for the C a r e 
and U s e o f Labora to ry A n i m a l s " p repa red by the Nat iona l 
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A c a d e m y o f S c i e n c e s a n d P u b l i s h e d by the Nat iona l 
Institutes o f Hea l th (NIH Pub l i ca t ion N o . 8 6 - 2 3 , rev ised 
1985) . 

T h e a n i m a l s we re anes the t i zed by ether a n d after 
i n t ravenous admin is t ra t ion of hepar in (200 U) hearts 
w e r e rapid ly r e m o v e d a n d qu ick ly moun ted on a non-c i r ­
cu la t ing Langendor f f per fus ion c o l u m n . Re t rog rade per­
fus ion w a s es tab l i shed a t a p r e s s u r e o f 100 cm H 2 0 with 
an o x y g e n a t e d normothermic , mod i f ied K r e b s - H e n s e l e i t 
b i ca rbona te buffer. T h e per fus ion buffer cons i s ted of: 118 
m M / L N a C I , 4 .7 m M / L K C I , 2 5 m M / L N a H C 0 3 , 1.2 m l W L , 
K H 2 P 0 4 , 1.2 m M / L M g S 0 4 , 1.2 m M / L C a C I 2 a n d 11.1 
m M / L g l u c o s e . T h e so lu t ion w a s equi l ibrated with 9 5 % 
o x y g e n a n d 5% ca rbond iox i de to a c h i e v e a pH of 7.4 at 
3 7 ° C . 

A p i c a l fo rce d i s p l a c e m e n t w a s u s e d in o rder to 
m e a s u r e the c a r d i a c contract i le fo rce . A 7% silk l igature 
w a s a t t ached to the left vent r icu lar apex and c o n n e c t e d 
t o the G r a s s ® FT 0 3 C force d i sp l acemen t t ransducer 
( G r a s s Instrument C o , Qu incy , M a s s . , U S A ) . T h e t rans­
d u c e r output w a s d i s p l a c e d cont in ious ly on a G r a s s ® 
m o d e l 5 po l yg raph (Ser ia l 7 D 5 3 1 V 3 , G r a s s Instrument 
C o , Qu incy , M a s s , U S A ) . Af ter wai t ing 1 5 minu tes o f s t a ­
bi l izat ion per iod the p r e i s c h e m i c heart rate a n d vent r i cu­
lar cont ract i le fo rce w e r e reco rded . 

I s c h e m i c c a r d i a c arrest w a s i nduced by c l a m p i n g 
the aor t ic c a n n u l a . T h e n the hear ts we re ar res ted by in­
t roduc ing o n e o f the ca rd iop leg i c so lu t ions , us ing reser ­
vo i r l oca ted 60 cm a b o v e the heart a n d a t tached to a s ide 
a r m of the aor t ic c a n n u l a for 3 m in . Th rough thé i s c h e m i c 
ar res t per iod the hear ts we re kept at 37°C with iso ton ic 
sa l i ne - j acke ted heart chambe r . A t the end o f 90 min 
g loba l i s c h e m i a the hear ts we re reper fused with K r e b s -
Hense le i t so lu t ion for 30 min a t 37°C . T h e heart rate and 
vent r icu lar cont ract i le fo rce we re reco rded every five 
minu tes o f reper fus ion pe r iod . C o r o n a r y effluent w a s c o l ­
lec ted before ca rd i op l eg ia and throughout the reper fu­
s ion per iod for cumu la t i ve c reat ine k i nase ( C K ) re lease 
as a t i ssue d a m a g e marker . In al l i ns tances the left v e n ­
tr icular f ree wa l l w a s r e s e c t e d a n d s tored until the t i ssue 
lactate, total g lu tath ion, l ipid pe rox ides ( e x p r e s s e d by 
m a l o n d i a l d e h y d e - M D A - ) , hypoxan th ine (Hpx), a d e n o s i n e 
t r iphospha te ( A T P ) m e a s u r e m e n t we re carr ied out. 

F o u r dif ferent ca rd iop leg i c so lu t ions we re u s e d to 
arrest the hear ts . Hear ts of G r o u p I (control group) w e r e 
a r res ted with the b a s i c St . T h o m a s ' Hosp i ta l ca rd iop leg ic 
so lu t ion ( S T H C S ) . T h e c o m p o s i t i o n o f the solut ion i s 
s h o w n in Tab le 1. In g roups II, III a n d IV, C a 2 + c h a n n e l 
b l o c k e r s n i f ed ip i ne (0 .075 m m o l / L ) , v e r a p a m i l (1.1 
mmo l / L ) , a n d d i l t i azem (0.03 mmo l /L ) we re a d d e d to the 
S T C H S , respect ive ly . E a c h g roup con ta ined eight hear ts . 

Biochemical Determination 
F r o z e n t i s s u e s we re immed ia te l y w e i g h e d and h o m o g e ­
n i zed in 10 v o l u m e s o f i ce -co ld p h o s p h a t e buffer (50 m M , 
pH:7 .4 ) , us ing a g l a s s - g l a s s homogen i ze r . A l l the b io ­
c h e m i c a l de te rm ina t ions w e r e d o n e on this h o m o g e n a t e . 

Table 1 . S t T h o m a s ' Hosp i ta l ca rd iop leg i c so lu t ion 
( S T H C S ) 

Compound Concentration (mmol/L) 
Sodium chloride 110.0 
Potassium chloride 16.0 
Magnesium chloride 16.0 
Calsium chloride 1.2 
Sodium bicarbonate 10.0 
PH adjusted to 7.8 
Osmolarity=324 mOsm/kg H 2 0 

T i s s u e lipid pe rox ide leve ls , e x p r e s s e d by m a l o n d i a l d e -
h y d e ( M D A ) w e r e d e t e r m i n e d b y the m e t h o d o f 
U c h i y a m a and M iha ra (19). 

T h e th ioba rb i tu r i c a c i d r e a c t i v e s u b s t a n c e s 
( T B A R S ) we re ca l cu la ted as n a n o m o l per g r a m 1 /et t is­
s u e , a n d te t ramethoxy -p ropane w a s u s e d a s s t a n d a r d . 

O n e m l h o m o g e n a t e w a s dep ro te in i zed with e q u a l 
v o l u m e o f co ld 8% (v/v) perch lo r ic ac i d . Af ter cen t r i fuga-
tion the superna tan t w a s s a v e d for the de te rmina t ion o f 
lactate, hypoxan th ine and g lu ta th ione. T i s s u e lac ta te 
concen t ra t ions we re de te rm ined f rom this supe rna tan t as 
d e s c r i b e d (20). O n e ml o f superna tan t w a s neu t ra l i zed 
with 0 .65 m l o f K 3 P 0 4 (0.7 M) for hypoxan th ine a n d g l u ­
ta th ione de termina t ions . T h e prec ip i ta te w a s r e m o v e d by 
centr i fugat ion. Hypoxan th i ne concen t ra t i ons w e r e de te r ­
m ined by m e a s u r i n g xan th ine o x i d a s e - c a t a l y z e d c o n v e r ­
s ion o f hypoxan th ine into uric a c i d (21). T h e h y p o x a n ­
thine leve ls we re ca l cu la ted tak ing the m o l a r absorbt iv i ty 
o f ur ic ac id as 12 .200 M^ cm. . , . In t hese de te rm ina t i ons 
hypoxan th ine s tanda rd w a s a l s o u s e d . S t a n d a r d a n d 
s a m p l e s we re s tud ied under the s a m e cond i t ions . B o t h 
ca lcu la t ions g a v e the s a m e resu l ts . T i s s u e hypoxan th i ne 
leve ls we re ca l cu la ted as n a n o m o l per g r a m o f we t t is­
s u e . 

Total g lu ta th ione leve ls w e r e de te rm ined a c c o r d i n g 
to the p rocedu re of T ie tz (22), us ing g lu ta th ione r e d u c ­
tase a n d N A D P H . Total g lu ta th ione leve ls a re e x p r e s s e d 
as mi l imolar (mM) . 

F o r the determinat ion o f m y o c a r d i a l A T P con ten t , 
s p e c i m e n s ob ta ined f rom m y o c a r d i u m w e r e i m m e r s e d i n 
l iquid ni t rogen a n d then f reeze -d r i ed a t 5 0 ° C . S p e c i m e n s 
we re a n a l y z e d by h i gh -pe r f o rmance - l i qu i d - ch roma tog ra -
phy us ing the t e c h n i q u e s d e s c r i b e d by H u l l - R y d e (23) . 
T i s s u e A T P leve ls w e r e ca l cu la ted a s pmo l / g r dry w e i g h t 
Krea t ine k i nase ( C K ) e n z y m e w a s m e a s u r e d with a n a u ­
toma ted a n a l y s e r us ing c rea t ine k i n a s e E C 2 - 7 - 3 - 2 
(Boehr inger , M a n n h e i m ) kits, a n d e x p r e s s e d as l U / m i n g r 
heart. 

Expression of Results 
The following calculations were made 
Arres t T ime : T ime ( seconds ) f rom the onse t o f c a r d i o ­
p leg ic in fus ion until the heart a r res ts . 
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Table 2 . T h e ef fects of the addi t ion of n i fed ip ine, ve rapami l and d i l t i azem to the S T H C S upon post i s c h e m i c recovery 
o f c a r d i a c funct ion 

Arrest time (Sec) 
Percent recovery of cardiac function 

Arrest time (Sec) Total pre Arrest beats Heart rate Contractile force Heart work 
S T H C S (control) 63.4±18.0 72.2±8.3 96.1+7.8 36.2±4.5 38.5±6.2 
STHCS+Nifedipine 50.2110.1 49.6+7.1* 83.4±9.1* 54.5±7.1* 52.3+5.0* 
STHCS+Verapami l 50.6+7.9 42.1±9.6* 82.1±5.3* 56.2±4.0* 53.8±6.3* 
STHCS+Dil t iazem 49.1±6.5 44.3±7.8* 80.2±4.7* 58.1±2.6* 57.1±3.1* 
S T H C S : St Thomas' Hospital cardioplegic solution 
The results are indicated m e a n t S E M . Each group consisted of 8 hearts. 
*(p<0.05) Indicates significant difference between the value indicated and S T H C S group. 

Table 3. P r e i s c h e m i c a n d reper fus ion per iod cont ract i le fo rce (gr contract i l i ty/gr heart we ight ) v a l u e s . 

Group I (Control) Group II Group III Group IV 
Preischemic (15 m min) 21.443.1 22.1±1.8 20.8±2.4 22.4±1.6 
Reperfusion period (min) 

5 14.2±2.4 18.8+2.7 17.611.1 19.1±1.7 
10 9.9±1.7 15.3±2.0 15.2±1.6 16.0±2.0 
15 8.4±2.4 13.211.1 12.1 ±1.9 14.1 ±1.5 
20 7.9±4.5 11.9±2.4 12.0±0.8 13.8±1.2 
25 7.8±3.9 11.9±1.6 11.6+1.2 13.1+1.8 
30 7.7±2.8 12.0±2.1 11.6±1.4 13.0±1.8 

Total pre arrest bea t s : N u m b e r of heart beats dur ing 
the 3 min of ca rd iop leg ia in fus ion . 

Post-ischemic heart rate 
Percentage recovery: X100 

of heart rate (HR) Pre-ischemic heart rate 

Post-ischemic concentrations 

(gr contractilitiy/gr. heart weight) 

Percentage recovery of: X100 

ventricular contractile Pre-ischemic contractions 
force 

Post-ischemic Post-ischemic 
HR X contractile force 

Percentage recovery of: X100 

heart work Pre-ischemic Pre-ischemic 
Figure 1. Contractile force-time graphy in the reperfusion peri­
od 

HR X contractile force 

Data and Statistics 
Al l v a l u e s a re e x p r e s s e d as the m e a n i s t a n d a r d error o f 
the m e a n ( S E M ) . F o r stat is t ical ana l ys i s ; ana lys i s o f var i ­
a n c e , M a n n - W h i t n e y U , a n d K ruska l -Wa l l i s o n e - w a y a n o -
va test as w e r e u s e d w h e r e appropr ia te . A p va lue <0.05 
w a s c o n s i d e r e d to be s igni f icant . 

RESULTS 
Hemodynamic data 
T w o hear ts in g roup I a n d o n e in g roup III d e v e l o p e d ir­
revers ib le i s c h e m i c cont rac ture at the end of 90 min of 
no rmo the rm ic g loba l i s c h e m i a . As s h o w n i n Table 2 , 

there we re no s igni f icant d i f ference in arrest t ime a m o n g 
the g roups . T h e n u m b e r o f total p re-ar res t bea ts we re 
72 .20±8 .30 i n S T H C S g roup . A l t h o u g h there we re n o s i g ­
nif icant d i f ference b e t w e e n g roups ll-IV, the d i f ference 
w a s found to be s igni f icant b e t w e e n the drug t reated 
g roups and contro l g roup (p<0.05). 

T h e p r e i s c h e m i c ( 1 5 t h min) a n d pos t i s c h e m i c left 
vent r icu lar contract i le fo rce v a l u e s ob ta ined f rom e a c h 
g roup w a s s h o w n in Tab le 3 . Cont rac t i l e force- t ime g r a ­
phy in the reper fus ion per iod w a s s h o w n in F i g . 1 . 

T h e hear ts in s tudy g roups s h o w e d better p r e s e r v a ­
tion of left vent r icu lar contract i le funct ion . At the 3 0 t h min 

T Klin Araştırma 1997, 15 51 



R ı z a D O Ğ A N e t a l . P R O T E C T I V E E F F E C T S O F C A R D I O P L E G I A W I T H S L O W - C H A N N E L B L O C K E R S 

Table 4 . T h e ef fects o f c a l c i u m c h a n n e l b locke rs on t i ssue lactate, M D A , Hpx , total g lu ta th ione and A T P content . 

Tissue Lactate MDA Hpx Total glutathion A T P 
umol/gr wet weight umol/gr wet weight umol/gr wet weight umol/gr wet weight Umol/gr wet weight 

S T H C S 0.66±0.11 125.31±20.08 0.55±0.22 3.31*0.62 9.0*0.8 
STHCS+Nifedipine 1,49*0.12* 84.10±10.12 1.3910.12* 13.61*1.51* 11.2*0.5 
STHCS+Verapami l 1.12*0,18* 86.75*11.9 1,48*0,13* 17.99*3.15* 13.2*0.6* 
STHCS+Di l t iazem 1.45*0.30* 52.02*3.01* 1.20+0.31* 28.54*5.63* 15.3*1.3* 
Left ventricular 0.65±0.04 46.38±5.51 0.31*0.27 27.58*0.19 19.1*0.9 
tissue before 
hypoxia as control 
All results are the mean and the standard error of the mean. Each group consisted of 8 hearts. 
*p<0.05 indicates significant difference between the value indicated and S T H C S group. 
MDA: Malondialdehyde, Hpx: Hypoxanthine, A T P : Adenosine triphosphate 

o f r e p e r f u s i o n , con t rac t i l e f o r c e w a s r e d u c e d t o 
5 4 . 5 % ± 7 . 1 % , 5 6 . 2 % ± 4 . 0 % , a n d 5 8 . 1 % ± 2 . 6 % o f their 
contro l v a l u e s for g r o u p s II, III a n d IV respec t i ve ly 
(p<0.05 a s c o m p a r e d t o S T H C S group) . 

P e r c e n t a g e recove ry o f p o s t i s c h e m i c heart work, 
w e r e better in the g roups in w h i c h n i fedip ine, ve rapami l 
a n d d i l t i azem were a d d e d t o the S T H C S . A l t hough there 
we re no s ign i f icant d i f ference be tween t hese g roups , the 
d i f f e rences we re s ign i f icant w h e n c o m p a r e d to contro l . 

Metabolic effects of global ischemia 
B i o c h e m i c a l de te rm ina t ions o f the reper fused m y o c a r d i ­
um w e r e s h o w n in Table 4 . T i s s u e lactate and hpx c o n ­
cent ra t ions w e r e unexpec ted l y low in the S T H C S group. 
T h i s m a y be the s ign o f inhibi ted g l yco lys i s (p<0.05 as 
c o m p a r e d the o ther g roups) . 

L ip id perox ida t ion w a s s igni f icant ly d e c r e a s e d in the 
fourth g roup (p<0.05 vs . control ) . A l t hough M D A leve ls in 
g roup II a n d III w e r e lower than the contro l , the d i f ference 
w a s not f ound to be s igni f icant . A l t hough , the di f ference 
b e t w e e n the s tudy g roups a n d contro l w a s found to be 
s igni f icant , a c c o r d i n g to the myoca rd ia l g lutath ione c o n ­
tent, the best resu l ts w e r e ob ta ined in the last g roup 
(p<0.05 as c o m p a r e d the other g roups) . 

T i s s u e M D A a n d g lu ta th ione con ten ts s h o w e d that 
there w a s a strict cor re la t ion be tween the dep le t ion of 
g lu ta th ione content a n d i n c r e a s e d lipid perox idat ion. As 
A T P concen t ra t i on w a s s igni f icant ly d e c r e a s e d i n the 
contro l g roup , C a 2 + c h a n n e l b locke rs we re found t o b e 
ef fect ive for the m a i n t e n a n c e o f t i ssue A T P leve l s . 
A c c o r d i n g to the m y o c a r d i a l funct ional a n d b i o c h e m i c a l 
d a t a , there w a s a strict corre la t ion be tween the t i ssue 
g lu ta th ione, A T P con ten ts a n d pos t i s chem ic contract i le 
func t ion . 

Initial a n d reper fus ion per iod CK re lase a n d co ro ­
nary f low da ta (Table 5) s h o w e d that n i fedip ine ca rd io ­
p leg ia h a s no superor i ty w h e n c o m p a r e d with the contro l 
g roup . 

A l t h o u g h , there w a s a s igni f icant i n c r e a s e i n CK 
l e a k a g e as c o m p a r e d to the g roup III and g roup IV, best 
resu l ts for co rona ry f low w a s a c h i e v e d in the last two 
g r o u p s . 

Table 5 . P r e i s c h e m i c a n d reper fus ion per iod CK l e a ­
k a g e a n d co rona ry f low v a l u e s (*p<0.05 v s . control ) . 

Preischemic Reperfusior 
CK leakage (IU/L min gr. Heart) 

Group I (Control) 20.8*3.1 312.5*47.8 
Group II (Nifedipine) 24.6*3.8 264.6*34.2 
Group III (Verapamil) 29.3*4.8 155.0*18.5 
Group IV (Diltiazem) 25.2*4.0 140.6*35.0 

Coronary Flow (ml/min gr heart) 
Group I 45.1*8.0 46.3*4.6 
Group II 40.2*6.5 50.5*5.8 
Group III 47.3*4.6 68.9*4.1* 
Group IV 45.8*6.0 75.4*3.4* 

DISCUSSION 
T h e protect ion o f m y o c a r d i u m so as to m in im ize the 
pos t i shem ic impai rment of left vent r icu lar funct ion is a 
major c o n c e r n dur ing c a r d i a c surgery . Dur ing the is ­
c h e m i c per iod , ox idat ive phosphory la t i on is impa i red due 
to the lack o f o x y g e n , a n d therefore h igh e n e r g y phos ­
pha tes (pr imarly a d e n o s i n e 5 ' th r iphosphate (ATP) and 
creat ine phospha te ) a re dep le ted (24-26) . A t the ear ly 
s t a g e s o f i s c h e m i a , g l yco l ys i s i s s t imu la ted to c o m -
pansa te the ene rgy n e e d . H o w e v e r , in p ro longed i s ­
c h e m i a , g l yco lys i s is inhibi ted by the d e v e l o p m e n t of t is­
s u e ac i dos i s a n d the accumu la t i on o f s e v e r a l metabo l i tes 
inc lud ing citrate (3,4,25). 

In phys io log i c cond i t ions , c y t o p l a s m i c c a l c i u m c o n ­
centrat ion i s ma in ta ined u n d e r 1fJ- 7 M . W h e n c a l c i u m 
concent ra t ion is e leva ted to m ic romo la r l eve l s , c a l c i u m -
A T P a s e is ac t iva ted to p u m p c a l c i u m in to the s a r c o p l a s ­
mic ret icu lum v e s i c l e s . In add i t ion , e x c e s s cys toso l i c c a l ­
c i um is p u m p e d out of the cel l or into the m i tochondr ia by 
o ther c a l c i u m - a c t i v a t e d A T P a s e s . C a l c i u m t ranspor t 
aga ins t a concent ra t ion gradient is strictly d e p e n d e n t on 
A T P energy. Dur ing p ro longed i s c h e m i a , c a l c i u m t rans­
port i s b l ocked b e c a u s e o f insuff ic ient A T P product ion 
a n d a sharp i n c r e a s e in c a l c i u m concen t ra t i on occu rs 
(27-29). 

On reper fus ion , more c a l c i u m c a n a c c u m u l a t e in the 
cy top lasm (24,26). I t is wel l known that the product ion of 
f ree o x y g e n rad ica ls is i n c r e a s e d with the resupp ly of 
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oxygen after ischemia (2,4,30,31). These radicals react 
with membrane phospholipids to initiate lipid peroxidation 
which in turn irreversibly inactivates calcium-ATPases 
(8). In addition to the inhibition of calcium-ATPases, the 
inhibition of glycolysis is also held responsible for calci­
um overload (32). 

An increased level of calcium activates several met-
alloproteinases including calpains involved in proteolytic 
conversion of xanthine dehydrogenase to xanthine oxi­
dase. Calcium can also activate phospholipase A 2 , the 
enzyme that degrades membrane phospholipids (33). 
Without any doubt, reperfusion is the most effective way 
to treat the ischemic myocardium. Some authors believe 
that much of the injury is the consequence of events oc­
curring at the moment of reperfusion, rather than as a re­
sult of changes occurring during the ischemic period 
(2,4). 

Despite numerous experimental and clinical studies, 
ideal myocardial protection has not yet been found. 
Recent reports on the experimental (9-14) and clinical 
(15,16) use of calcium channel blockers to limit reperfu­
sion injury have been encouraging. The protective prop­
erties of calcium channel blockers include reduction of 
the rate of extent of injury during ischemia together with 
combating coronary spasm, reduction of arrhythmia and 
hypertension, influence automaticity and slow conduction 
(9,11,14). The purpose of these experiments were to de­
termine, if the addition of nifedipine, verapamil and dilti-
azem to potassium cryoplegic solution was synergistic in 
aiding restoration of cardiac function and myocardial pro­
tection. 

tabolism of adenine nucleotides, hypoxanthine is consid­
ered to be a maker for ischemia. The reason why hypox­
anthine levels were low is the S T H C S group might be ex­
plained in the form that hypoxanthine to uric acid conver­
sion might have been blocked in the step of xanthine ox­
idase or much of hypoxanthine might have been convert­
ed to uric acid before biochemical determination. 
According to this data it can be concluded that calcium 
channel blockers can block xanthine dehydrogenase to 
xanthine oxidase conversion. 

Glutathione, as a cellular antioxidant, protects pro­
teins and other biomolecules from oxidation. The levels 
of total glutathione were also very low in the control 
group, showing that this molecule was lost from the tis­
sue. Since no calcium channel blocker was used in the 
S T H C S group and glutathione was lost from the tissue, it 
was reasonable to suggest that xanthine dehydrogenase 
was converted into oxidised form by C a 2 + and/or by - S H 
modification. To clarify these statements, the inhibition of 
glycolysis and convention of xanthine dehydrogenase to 
its oxidase form must be demonstrated in the S T H C S 
group. 

Rosencrantz and collagues reported good myocar­
dial function in hearts with endocardial ATP levels <1 
mmol/kg wet weight after reperfusion (35). However, the 
ability to resynthesize ATP is more critical than the ab­
solute level of these compounds. If ATP is low because 
of impaired mitochondrial oxidation phosphorilation, the 
viability of the myocyte is in jeopardy. 

Our ATP data showed that the calcium antagonists 
are capable of preventing nucleotide depletion. Although 
Barnes and collagues stated that diltiazem is inferior in 
this regard (36); Vouhe and co workers suggested that 
returning of the left ventricular function on the whole, was 
superior when diltiazem was used as an additive to car-
dioplegic solution (10). In the presented study, it was 
shown that there was a clear relationship between the 
beneficial effects on contractile function and the main-
tainance of ATP levels after ischemia-reperfusion in the 
hearts treated with C a 2 + channel blockers. 

Hearts treated with verapamil and diltiazem dis­
played a marked hyperemic response in the early period 
of reperfusion. This response has also been associated 
with better left ventricular preservation and less enzyme 
(CK) release. Result of the present study confirmed that, 
under normothermic condition, the protective effect of 
calcium channel blockers in cardioplegic solution were 
additive. Hemodynamic values and biochemical parame­
ters in diltiazem group were found slightly better then ve­
rapamil and nifedipine groups. 

Our study showed that, nifedipine, verapamil and 
especially diltiazem used as cardioplegic additives can 
enhance cardioplegic protection against ischemia reper­
fusion injury. 
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Kobay kalbinde iskemik kardiak arrest s ı ras ında 
y a v a ş kanal blokerleri ile kardioplejinin 
ilave koruyucu etkileri; Nifedipine, Verapamil ve 
Diltiazem'in karş ı laşt ı rmal ı incelemesi 

Bu çalışma; modifiye Langendorff modelinde, kalsiyum kanal 
blokerleri olan nifedipin (0.075 mmol/L), verapamil (1.1 
mmol/L) ve diltiazem (0.03 mmol/L)'in global iskemi ve reper-
füzyon sonrası myokard üzerindeki etkilerini karşılaştırmak 
amacıyla planlanmıştır. İzole edilmiş 32 adet kobay kalbi, 4 
gruba ayrıldı (n:8) ve 90 dk normotermik global iskemiyi ta­
kiben 30 dk reperfüzyona tabi tutuldu. Kardioplejik arrest St. 
Thomas' Hastanesi Kardioplejik Solüsyonu'na (STHCS) üç 
C a + 2 kanal blokerlerinden birinin eklenmesiyle elde edildi. 
SıHCS'e Ca+2 kanal blokerleri eklenmesiyle kardiyak 
fonksiyonun iyileşme yüzdesi arttırıldı. STHCS grubuyla 
karşılaştırıldığında diltiazem, verapamil ve nifedipin eşliğinde 
myokardda azalmış lipid peroksidasyonu ve adenozin trifos-
fat (ATP) katabolizması, korunmuş glutatyon seviyesi ve ATP 
içeriği gözlendi. Bu sonuçlar; Ca+2 kanal blokerlerinin özel­
likle de diltiazem'in eklenmesinin kardiyoplejik korunmayı art­
tırabileceğini doğruladı. [T Klin Araştırma 1997; 15(2):49-55] 
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