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The effect and pharmacokinetics
of nafamostat mesilate adjunct to cold
nondepolarizing cardioplegia in a canine
model of cardiac preservation

Abstract We examined the effects
of nafamostat mesilate (NM) on
myocardial, biochemical, and functional changes in canine hearts. An
isolated heart was preserved for 6 h
at 5 “C and then reperfused for 2 h
at 37°C. NM was added to the cardioplegic solution. At concentrations of both
M ( n = 8) and
M (n = 6), NM was able to
maintain myocardial cyclic adenosine monophosphate (CAMP) at a
normal level and to reduce guanosine monophosphate (cGMP)
concentrations at the end of both
preservation and reperfusion. The
serum N-acetyl-b-D-glucosaminidase (NAG) concentration during
reperfusion was lower in hearts
treated with NM
or
M than
in those without NM ( P < 0.05). Although NM failed to preserve myocardial concentrations of adenine
nucleotide compounds, NM 10” M
maintained the f dpldt of the left

ventricle after reperfusion at the
same level as in the nonischemic
control group and better than NM
M or no NM ( P < 0.05). Myocardial uptake of NM
M (higher concentration) was 55 % 8 %
(6-h preservation) and 29 YOf 15 %
(2-h reperfusion). We conclude
that NM
M adjunct to nondepolarizng solution does not preserve myocardial adenine nucleotide concentrations but does facilitate the recovery of left ventricular
function. NM
M (higher concentration) seems to have a high affinity for the myocardium and may
depress the recovery of left ventricular function.
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tion that has been shown to enhance myocardial viability in a 12-h preservation model using the canine heart
Improved techniques for cardiac preservation are es- [16, 171.
sential to increase the availability of donor hearts [6].
Nafamostat mesilate (NM), a synthetic protease inAlthough several types of preservation solutions are hibitor, suppresses the activity of several inflammatory
presently in clinical use, all are depolarizng solutions, processes involved with the plasmin system [12, 13, 191,
and when combined with hypothermia, as they fre- the kinin system [l,7, 81, and the complement system
quently are, they have disadvantages related to mem- [4]. Activation of proteases is affected by cyclic nuclebrane instability. To overcome these problems, both otides [5]. It has been found that lysosomal enzymes
membrane stabilization and inhibition of protease acti- suppress phosphorylation of mitochondria [9, 111, and
vation are needed to preserve myocardial viability [16]. that myocardial ischemia leads to an accumulation of
We have also developed a new, nondepolarizing solu- lysosomal enzymes after 45 min of normothermic isIntroduction
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chemia in the myocardial infarct model 13,231 and after Preservation of the heart
4-6 h of hypothermic global ischemia 117, 181. Moreover, lysosomal enzymes are activated based on their Each heart was immersed for 6 h in cold (5°C) saline, and cardioplegic solution (3 ml/kg) was infused every 60 min. The compoown pH levels and affect biochemical and morphologi- sition of this solution was NaCl 60 mM, Mg-I-aspartate 8 mM,
cal changes in the myocardium 1231; N-acetyl-D-glu- CaCI, 1 mM, mannitol50 mM, lidocaine hydrochloride 2 mM, glucosaminidase (NAG) is released even after a short pe- cose 245 mM, and betamethasone 250 mgil. The osmolarity was
riod of myocardial ischemia in significant correlation 450 mosmol, and a pH of 7.50 was maintained by the addition of
with the elevation of the MB fraction of creatine phos- sodium bicarbonate 10 mM.
A latex balloon was placed in the left ventricle and secured
phokinase (MB-CPK) [22]. Although protease inhibiwith a holding apparatus sutured in the mitral position. The baltion with aprotinin through suppression of the cyclic loon was connected to a transducer (Statham P23DB, Statham Inguanosine monophosphate (cGMP) may enhance myo- struments, Los Angeles, Calif., USA) and a polygraph (Nihon Kohcardial viability following hypothermic cardioplegia in- den, Tokyo) was used to measure the developed left ventricular
duced with a depolarizing solution followed by reperfu- pressure during reperfusion. Special care was taken to avoid mesion [El, the effect of NM adjunct to nondepolarizing chanically induced aortic regurgitation.
cardioplegia on the myocardium has yet to be established. Furthermore, no information exists on the phar- Reperfusion
macokinetics of NM in the myocardium during cardioplegic arrest. Our hypothesis was that NM would in- A second dog was anesthetized with pentobarbital (intravenously,
hibit proteases by suppressing the release of cGMP and 30 mg/kg as an initial dose, and increased sufficiently to suppress
prevent depletion of myocardial adenine nucleotide corneal reflex), mechanically ventilated, heparinized, and maintained hemodynamically by the infusion of Ringer’s lactate solucompounds.
Both carotid arteries were cannulated (10 Fr) and connected
This study examined the myocardial pharmacokinet- tion.
to the arterial cannula placed in the preserved heart. A second presics of NM and tested whether the addition of NM to sure transducer and a magnetic flowmeter (Nihon Kohden) were
our nondepolarizing solution would enhance myocar- connected to the circuit to measure the perfusion pressure and
dial viability in a 6-h hypothermic preservation, 2-h re- flow. Coronary sinus blood flow was also measured with a magnetic
flowmeter to estimate coronary blood flow. Blood from the cannuperfusion canine model of cardiac preservation.

Materials and methods
Twenty-eight mongrel dogs weighing 9.2-17.0 kg (mean 11.8 kg)
were anesthetized with intravenous pentobarbital (30 mg/kg) and
maintained by mechanical ventilation. Animals received care according to the “Principles of Laboratory Animal Care” formulated
by the National Society for Medical Research and the “Guide for
the Care and Use of Laboratory Animals” prepared by the National Academy of Sciences.
Procurement of the heart
A median sternotomy was performed, and the superior and inferior vena cavae were isolated with 2-0 silk ligatures, both proximally and distally. The azygous vein was ligated and divided. Both
common carotid arteries, the left subclavian artery, and the descending aorta were isolated proximally and distally with 2-0 silk
ligatures, and the hila of the lungs were encircled bilaterally with
2 4 silk ligatures. A 10 Fr arterial cannula was inserted in the proximal right subclavian artery, and a 24 Fr venous cannula was placed
in the right ventricle through the right atrial appendage. Approximately 500 ml of blood was withdrawn from the venous cannula,
heparinized, and saved for transfusion during reperfusion. The previously isolated arteries were ligated, as were the pulmonary hila
after ventilation was terminated. Immediately following aortic occlusion, cardioplegia was induced by infusing cold ( 5 “C) cardioplegic solution via the arterial cannula. The volume of the initial infusion was 15 ml/kg in all dogs. The superior and inferior vena cavae
were ligated and divided, and the heart was removed.

lae in the right and left ventricles was collected in a reservoir and infused back into the supporting dog with a pump; a heat exchanger
maintained normothermia. Myocardial temperature was measured
with a thermistor placed in the right ventricle. Rewarming niyocardial temperature to 37 “C took from 10 to 15 min. Reperfusion was
continued for 2 h. Defibrillation was performed when ventricular
fibrillation developed during the early phase of reperfusion. After
5 min of reperfusion, all dogs were paced at 130 beats per minute.
No cardiotonic drugs were administered to any of the dogs.
At the end of cardiac arrest and during reperfusion, while the
heart was beating, biopsy specimens of left ventricular subendocardium were obtained using frozen Wollenberger clamps and then
kept in liquid nitrogen until processing for biochemical analysis
took place. Concentrations of adenosine triphosphate (ATP), adenosine diphosphate (ADP), adenosine monophosphate (AMP),
creatine phosphate (CP), cyclic adenosine monophosphate
(CAMP),and cyclic guanosine monophosphate (cGMP) were measured in the left ventricular tissue specimen [2].
Samples of coronary sinus blood were collected following 5,60,
and 120 min of reperfusion and were analyzed for the serum concentrations of N-acetyl-b-D-glucoaminidase (NAG) [20]. The left
ventricular (LV) pressure was determined by inflating the intraventricular balloon with saline volumes of 0-20 ml. The LV endsystolic (diastolic) pressure-volume relationship, and the LV + dp/
dt and -p/dt were calculated to evaluate LV function.
Pharmacokinetics of nafamostat mesilate
Myocardial uptake of NM was studied using canine hearts (n = 6) in
the same experimental protocol as that described earlier with NM
M in the cardioplegic solution. Myocardial uptake of NM was
calculated during the 6-h preservation (initially and hourly) and during the 2-h reperfusion (following 5,60, and 120 min) by subtracting
the difference in NM concentration between the infusate (the blood
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Table 1 Canine myocardial
concentrations of metabolic
parameters following preservation and reperfusion as a function of the concentration of nafamostat mesilate to nondepolarizing cardioplegia. Values
represent mean f SEM
( B , baseline, P, at end of
preservation, R, at end of reperfusion)

Group 1
No NM
( n = 8)

Group 2
NM 1 0 - 7 ~
(n = 8)

Group 3
NM lo4 M
(n = 6)

B
P
R
B
P
R

22.35 f 0.87
14.25 f 2.27
19.80 f 2.03

22.36 f 0.87
8.15 f 1.77*
22.08 f 2.04**

22.36 f 0.87
8.47 f 5.69*
17.56 f 2.43**

6.47 f 0.52
5.44 i 0.57
5.34 f 0.52

6.47f 0.52
4.32 f 0.35
6.79 f 0.83

6.47 f 0.52
3.64 f 0.71
5.04 f 0.54

Adenosine monophosphate
(CLmolk dry)

B
P
R

1.22 0.25
1.57 f 0.25
0.86 f 0.21

1.22 0.25
1.08 f 0.16
1.45 f 0.34

1.22 i 0.25
1.09 f 0.13
1.08 f 0.18

Total adenine nucleotide
(I”.mohdry)

B
P
R

30.05 f 1.2
21.27 f 2.36
25.99 f 1.72

30.05 f 1.2
13.55f 1.86*
30.32 f 2.68

30.05 f 1.2
13.20+6.31*
23.68 f 2.63

Creatine phosphate
( P o l k dry)

B
P
R
B
P
R
B
P
R

34.32 f 3.12
6.15 f 1.79”
37.78 f 5.60

34.32 f 3.12
6.53 f 3.66*
48.93 i 6.79

34.32 f 3.12
5.66 f 5.04*
43.26 f 10.33

586 f 87
2617 f 260*
1030 f 117*. **

586 f 87
1306 f 13S*. ***
484 f 65**. ***

586 i 87
1372 f 283*. ***
421 i .52**. ***

10.9 f 3.3
13.3 f 1.7
10.8 f 1.1

10.9 f 3.3
4.1 f 1.0*,***
6.0 f 2.8

10.9 f 3.3
3.8 f 0.9*, ***
3.6 f 1.9*. ***

Adenosine triphosphate
(I”.molkdry)
Adenosine diphosphate
( P o l k 3 dry)

Cyclic adenosine
monophosphate
(pmolig wet tissue)

* P < 0.05 to baseline;
** P < 0.05 to end of preservation; *** P < 0.05 vs group 1

Cyclic guanosine
monophosphate
(pmolig wet tissue)

withdrawn from the aorta or cardioplegic solution) and coronary effluent. The concentration of NM was determined with the high-performance liquid chromatographic technique. Uptake (%) was calculated as follows: (A-C)/A x 100,where A is the infusate concentration of NM and C the coronary sinus concentration of NM.

*

*

The myocardial ATP, ADP, and total adenine nucleotide (TAN) concentrations in groups 2 and 3 at the
end of preservation were lower than at baseline ( P <
0.05). The myocardial CAMP concentration was lower
at the end of both preservation and reperfusion in
groups 2 and 3 than it was in group 1 ( P < 0.05). The myExperimental groups
ocardial cGMP concentration was lower in groups 2 and
Experimental groups were established based on the concentration 3 than in group 1 at the end of preservation and at the
of NM in the cardioplegic solution: group 1, no NM (n = 8); group end of reperfusion in group 3 than in group 1 ( P < 0.05;
2, NM lo-’ M (n = S), and group 3, NM lo4 M (n = 6). A control Table 1).
group (n = 12) was added to obtain baseline hemodynamic and
The serum concentration of NAG increased followbiochemical data. Animals in the control group underwent the ing reperfusion in group 1 but not in groups 2 and 3.
same procedure as those in the experimental groups until the inThe serum concentration of NAG at 60 and 120 min of
duction of cardioplegia. Therefore, these hearts did not experience
reperfusion
was lower in groups 2 and 3 than in group 1
ischemia.
( P < 0.05; Table 2).
Myocardial uptake of NM 10-5Mwas 54.7 % f 8.4 %
Statistics
during the 6 h of preservation and 29.1 % It: 15.2 YO during the 2 h of reperfusion.
Data are reported as the mean f SEM. Differences between
M (group 2) showed the
Hearts treated with NM
groups were determined via an analysis of variance (ANOVA)
with the Bonferroni-Dunn test, and differences within groups best recovery of LV + dp/dt at 10-20 ml of LV volume
were analyzed with Student’s t-test. P values below 0.05 were con- after 120 min of reperfusion (Table 3). The LV -dp/dt
sidered statistically significant.
after 120 min of reperfusion at 15 ml of LV volume was
higher in group 2 than in groups 1 and 3 ( P < 0.05; Table 3). LV end-diastolic pressure was higher in group 3
than in the control group and groups 1 and 2 at 20 ml of
Results
balloon inflation at the end of reperfusion ( P < 0.05; TaCoronary flow, hematocrit, temperature during reperfu- ble 3 ) . The LV systolic pressure-volume relationship afsion, and the weight of the LV did not differ between the ter 120 min of reperfusion showed that the slope of each
groups. All animals in all groups survived reperfusion.
group was similar, but the intercept in group 2 was lower
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Table 2 Canine coronary sinus
concentrations of metabolic
parameters during reperfusion
as a function of concentration
of nafamostat mesilate in nondepolarizing cardioplegia. Values represent mean f SEM
( B , baseline)

N-acetyl-fi-D-glucosaminidase
(IU/dl/per 100 g)

Reperfusion
(min)

Group 1
No NM
( n = 8)

Group 2
NM
M
( n = 8)

Group 3
M
NM
( n = 6)

B
5
60
120

6.5 f 1.0
4.9 f 1.0
12.9 f 2.0
31.6 i 8.8

6.5 f 1.0
2.4f 1.4
6.2 f 1.4”
9.1 k 2.8“

6.5 f 1.0
0.6 f 0.2*
1.5 f 0.3“
3.5 i0.6”

* P < 0.05 versus group 1
Table 3 Canine left ventricular
function following 2 h of reperfusion as a function of the concentration of nafamostat mesilate in nondepolarizing cardioplegia. Values represent mean
f SEM (LV,left ventricular
balloon volume; ESP, end-systolic pressure; EDP, end-diastolic pressure)

LV
(ml)

ESP
(mm Hg)
EDP
(mm Hg)
LV +dp/dt
(mm Hgisec)

P < 0.05 vs group 1;
P < 0.05 vs group 2;
*3 P < 0.05 vs group 3;
*4 P < 0.05 vs control group
*I

*’

LV-dpidt
(mm Hg/sec)

10

15
20
10
15
20
10
15
20
10
15
20

Group1
N oN M
( n = 8)
139 f Y
158 f 9
182 f 6
7.8 f 4.3
7.1 f 1.8
10.7 f 3.2
667 f 32*4
705 f 2Y*4
711 f 30*4
633 f 79
612 f 44*4
728 f 21*4

Group 2
NM 10-7 M
( n = 8)
97 f 16
1 1 6 f 17
138 f 1Y*4
4.5 f 2.1
9.6 f 2.7
13.6 4.0
875 f 78*’, *3
1043 k 87*’, *3
1081 k 79*’, *3
656 k 72
919 f 107*’ *’
919 f 104*’

*

Group 3
NM lo-‘ M
(n = 6)

Control
No ischemia
( n = 12)

129 f 13
153 f 12
182 f 18
17.5 f 4.2
31.7 f 8.4
56.7 f 13.3*’ * 2 *4
575 f 59*2 *4
608 f 83*’ *4
658 f 138*2 *4
446 f 85
454 f SO*’ *‘
441 f 94*’ * 2 *4

121 f 3
150 f 3
184 f 3
7.1 f 0.7
11.7 f 0.7
21.7 f 0.7
950 f 21
1176 f 25
1243 f 32
688 f 18
913 f 24
1088 f 18

than in the control group and groups 1 and 3 (Fig.1).
The LV diastolic pressure-volume relationship after
120 min of reperfusion showed better curves in in the
control group and groups 1 and 2 (Fig. 1).

Discussion
Although its precise mechanisms of action are not yet
well understood, NM, a synthetic protease inhibitor,
acts on a number of biochemical pathways. NM suppresses the action of trypsin, endotoxin, and bradykinin
[1,7, 10,111, and inhibits complement activation during
cardiopulmonary bypass. NM
M has been studied
as a myoprotectant in experimental myocardial ischemia [4]. Finally, NM
M has been used as an antiLv balloon volume (mi)
b
LV balloon volume (rnl)
coagulant during phoresis [19] and the implementation a
Fig.
l
a
End-diastolic
pressure-volume
relationship
and b end-sysof left ventricular assist devices [13].
tolic pressure-volume relationship of left ventricle after 120 min
We performed a preliminary study to define the rela- of
reperfusion. A latex balloon placed in the left ventricular cavity
tionship between the dose of NM in cardioplegic solu- was inflated with saline solution from 0 to 20 ml and the corretion and the functional response of the left ventricle. It sponding pressure was measured (0
control group; 0group 1, no
showed that the optimal concentration of NM in car- NM; A group 2, NM lo-’ M; 0 group 3, NM 10“ M)
dioplegic solution to obtain the best systolic and diastolic function of the left ventricle was
M. Therefore,
the present study compared the biochemical and func- tion at the end of both preservation and reperfusion,
tional effects of NM lO”0r
M in cardioplegic solu- and reduced the myocardial cGMP concentration at
tion with that of no NM in the cardioplegic solution. the end of preservation. Since cyclic nucleotides affect
The addition of NM to the cardioplegic solution sup- myocardial biochemical pathways such as calcium, enpressed an increase in the myocardial CAMPconcentra- ergy metabolism, inflammation, and membrane func-
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tion, cAMP stimulates cardiac contractility in balance to nisms other than adenine nucleotides. Since diastolic
cGMP. It is possible that NM
M in cardioplegic so- dysfunction is a frequent complication of long-term carlution affected myocardial cyclic nucleotides and led to diac preservation [14], our observation that diastolic
function is enhanced when NM
M is added to the
improved cardiac function.
The source of lysosomal enzymes is the Golgi appa- nondepolarizing cardioplegic solution is potentially of
ratus, one of the subcellular organelles in tissues. The re- great clinical value.
One factor not considered is the pharmacological inlease of lysosomal enzymes is activated by physicochemical changes such as acidosis, ischemia-reperfusion teraction between NM and the other substances in the
[2S], and proteolysis triggered by blood. It is well known cardioplegic solution. Although we did not encounter
that lysosomal enzymes increase with cellular and sub- adverse reactions in this study, this topic requires furcellular damage. The plasma NAG concentration fol- ther investigation. It is important that during the adminlowing reperfusion was reduced with NM 10” and or istration of NM, even repeatedly, one avoid any anaphyM. This result is consistent with that of our previous lactic reaction since NM is a synthetic substance.
The myocardial uptake of NM was 54.7 % f 8.4%
report [IS], in which aprotinin, another protease inhibitor, suppressed cGMP and subsequently reduced the re- during preservation and 29.1 % f 15.2 % during reperfuM was added to the cardioplegic solease of lysosomal enzymes. These findings are sup- sion when NM
ported by a report that cAMP stabilizes and cGMP de- lution. NM was detected in the coronary sinus blood of
stabilizes lysosomal membranes [5]; therefore, a reduc- the donor heart even following reperfusion, although
tion in cGMP inhibits the release of lysosomal enzymes. NM was only used during cardioplegia. This pattern sugSince the hearts in all three of our groups received a gests the existence of a high-affinity binding site for NM
M was not the optimal conmultidose injection of cardioplegic solution in hypother- in the myocardium. NM
mia, subsequently depleting all hearts of leukocytes the centration to preserve cardiac function and suppressed
effect of proteolysis by leukocytes on the release of left ventricular diastolic function (preliminary study, unNAG would appear to be negligible. Therefore, our re- published data). For anticoagulation during extracorposults suggest that NM
or 10-7Mmay play a role as a real circulation [24], NM is used at a concentration of
10-5-104 M, administered by continuous infusion or
protease inhibitor, even under hypothermia.
In general, NM did not preserve the myocardial con- multidose injection [ 131. As ischemia-reperfusion is
centrations of adenine nucleotides. Lysosomal enzymes common during cardiac surgery, NM is likely to accumudeplete myocardial ATP by suppressing phosphoryla- late in the myocardium. Our findings warn against the
tion in the mitochondria [9]. In this study, however, use of NM at higher concentrations, as NM may accuthe decrease in NAG produced by NM treatment did mulate within the myocardium and depress ventricular
not improve the myocardial ATP concentration. Never- function.
We conclude that NM 10” M, adjunct to nondepolartheless, NM
M enhanced the recovery of left ventricular diastolic function during reperfusion, even izing solution, enhances the recovery of left ventricular
and lo” M seem to inthough left ventricular systolic function was not af- function. Furthermore, NM
fected. This finding is consistent with that of another hibit NAG by suppressing myocardial cGMP.
report that the myocardial ATP concentration does
not necessarily correlate with the recovery of left ven- Acknowledgement The authors express their gratitude to Torii
tricular function [18, 211. Our result also suggests that Pharmaceutical Company, Ltd. for supplying the nafamostat mesiNM improved the left ventricular function in mecha- late.

References
1. Aoyama T, Ino Y, Ozeki M, Oda M,
Sat0 T, Koshiyama Y, Suzuki S, Fujita M
(1984) Pharmacological studies of FUT175, Nafamstat mesilate. I. Inhibition of
protease activity in in vitro and in vivo
experiments. Jpn J Pharmacol35: 203227
2. Bessho M, Ohsuzu F, Yanagida S, Sakata N, Aosaki N, Tajima T, Nakamura H
(1991) Differential extractability of
creatine phosphate and ATP from cardiac muscle with ethanol and perchloric
acid solution. Anal Biochem 192: 117124

3. Fox AC, Hoffstein S, Weissmann G
(1976) Lysosomal mechanisms in production of tissue damage during myocardial ischemia and the effects of
treatment with steroids. Am Heart J 91:
394-397
4. Henry RJ, Cannon DC, Winkelman JW
(1 974) Determination of calcium by
atomic absorption spectrophotometry.
In: Henry RJ, Cannon DC, Winkelman
JW (eds) Clinical chemistry, principles
and techniques, 2nd edn. Harper and
Row, Baltimore, p 657

5. Homeister JW, Satoh P, Lucchesi BR
(1992) Effects of complement activation in the isolated heart: role of the
terminal complement components. Circ
Res 71: 303-319
6. Ignarro LJ, Krassikoff N, Slywka J
(1973) Release of enzymes from a rat
liver lysosome fraction: inhibition by
catecholamines and cyclic 3’, 5’-adenosine monophosphate, stimulation by
cholinergic agents and cyclic 3’, S’-guanosine monophosphate. J Pharmacol
Exp Ther 186: 86-99

369

7. Jeevanandam V, Auteri JS, Marboe C,
Hsu D, Sanches JA, Smith CR, Rose
EA (1991) Extending the limits of donor heart preservation: a trial with university of Wisconsin solution. Transplant Proc 23: 697-698
8. Kojima S, Harada-Shiba M, Nomura S,
Kimura G, Tsushima M, Yamamoto A,
Omae T (1991) Effect of nafamostat
mesilate on bradykinin generation during low-density lipoprotein apheresis
using a dextran sulfate cellulose column. Trans Am SOCArtif intern Organs
37: 644-648
9. Kurihara S, Sakai T (1985) Effect of rapid cooling on mechanical and clectrical
responses in ventricular muscle of the
guinea pig. J Physiol (Lond) 361: 361378
10. Mela L, Bacalzo LV Jr, Miller LD
(1971) Defective oxidative metabolism
of rat liver mitochondria in hemorrhagic and endotoxin shock. Am J
Physiol220: 571-577
11. Mellers A, Tappel AL, Sawant PL,
Desai ID (1967) Mitochondria1 swelling
and uncoupling of oxidative phosphorylation by lysosomes. Biochim Biophys
Acta 143: 299-309
12. Murakami M (1988) Effect of protease
inhibitors on endotoxin-induced disseminated intravascular coagulation in
rats. Kyoto Pref Univ Med 97: 11551165
13. Ono H, Hayakawa T, Kondo T, Shibata
T, Kitagawa M, Sakai Y, Kiriyama S,
Sobajima H (1990) Prevention of experimental acute pancreatitis by intraduodenal trypsin inhibitor in rat. Dig
Dis SCI35: 787-792

14. Opie LH (1991) Role of calcium and
other ions in reperfusion injury. Cardiovasc Drugs Ther 5: 237-248
15. Sato T, Tanaka K, Kondo C, Morimoto
T, Yada I, Yuasa H, Kusagawa M,
Deguchi K (1991) Nafamostat mesilate
administration during cardiopulmonary bypass decreases postoperative
bleeding after cardiac surgery. Trans
Am SOCArtif Intern Organs 37:M194195
16. Steenbergen C, Murphy E, Watts JA,
London R E (1990) Correlation between cytosolic free calcium, contracture, ATP, and irreversible ischemic injury in perfused rat heart. Circ Res 66:
135-146
17. Sunamori M, Innami R, Amano J,
Suzuki A, Harrison CE Jr (1988) Role
of protease inhibition in myocardial
preservation in prolonged hypothermic cardioplegia followed by reperfusion. J Thorac Cardiovasc Surg 96:
314-320
18. Sunamori M, Sultan I, Suzuki A (1991)
Effect of aprotinin to improve myocardial viability in myocardial preservation
followed by reperfusion. Ann Thorac
Surg 52: 971-978
19. Sunamori M, Sultan I, Shirai T, Suzuki
A (1992) The significant role of membrane stabilization in hypothermic cardioplegic cardiac preservation in a canine experimental model. Transpl Int 5
[Suppl 11: S411-S416
20. Sunamori M, Miyamoto H, Yoshida T,
Suzuki A (1994) Successful cardiac
preservation for 12 hours nondepolarizing cold cardioplegia. A canine model.
Transpl Int 7 [Suppl 1]:S485-S488

21. Taegtmeyer H, Roberts AF, Raine AE
(1985) Energy metabolism in reperfused heart muscle: metabolic correlates to return of function. Am J Col
Cardiol6: 864-870
22. Welman E, Selwyn AP, Fox KM (1979)
Lysosomal and cytosolic enzyme release in acute myocardial infarction: effects of methylprednisolone. Circulation 59: 730-733
23. Wildenthal K (1978) Lysosomal alterations in ischemic myocardium: result or
cause of myocellular damage? (Editorial) J Mol Cell Cardiol 10: 595-603
24. Yamazaki Z , Hiraishi M, Kanai F,
Takahama T, Idezuki Y, Inoue N (1989)
Pharmacodynamics of FUT-175 anticoagulant in adsorbent plasma perfusion.
Trans Am SOCArtif Intern Organs 35:
567-569
25. Yokoyama M (1987) The effect of pharmacological pretreatment on the longterm globally ischemic heart: lysosome,
cyclic nucleotide and myocardial injury.
J Jpn Surg Soc 88: 109-118

