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Beneficial Effects of to-3 Fatty Acid Treatment on the Recovery of Cardiac 
Function After Cold Storage of Hyperlipidemic Rats 

Kwansong  Ku, Hidetaka Oku, Toshio Kaneda, Masah iko  Onoe, and Zh iwe i  Zhang 

Cardiac effects of o~-3 polyunsaturated fatty acids (PUFAs) were studied in female Wister rats fed a standard diet (control [C] 
diet) or a high-cholesterol (HC) diet. Subgroups of rats from these groups were treated wi th  eicosapentaenoic acid-E (EPA) or 
docosahexaenoic acid-95E (DHA) for 5 weeks. Although plasma total cholesterol (TC) and triglyceride (TG) levels were higher 
in each group fed the HC diet versus each group fed the C diet, EPA administration wi th the HC diet (HC + EPA) significantly 
(P < .05) reduced these levels. An isolated working-heart preparation was used to determine cardiac function. Cardiac output 
(CO) was lower in rats fed the HC diet and HC + DHA versus any of the groups fed the C diet (P < .05). In addition, left 
ventricular (LV) maximum differentiation of pressure-time curve (dp/dt) was lower in the rats fed the HC diet versus any of the 
C diet groups (P < .05). After evaluation of cardiac function in each rat, the heart was stored in a histidine-tryptophan- 
ketoglutarate solution for 8 hours at 4°C. The heart was then reperfused, and recovery of cardiac function was evaluated. No 
significant differences were observed for post-preservative cardiac function within the C diet groups. However, within the HC 
diet groups, HC + EPA significantly (P<  .05) improved the recovery of cardiac function. In addition, HC + DHA also 
significantly (P < .05) improved the recovery of coronary f low (CF) and LV dp/dt.  No significant differences were observed for 
plasma TC and TG concentrations in the C diet groups. EPA administration significantly decreased cardiac levels of palmitic, 
oleic, and linoleic acids in the HC diet groups. No significant differences were observed for cardiac levels of free fatty acids 
(FFAs) wi th in the C diet groups. Cardiac EPA and DHA levels were significantly (P < .05) elevated in EPA- or DHA-treated rats 
compared wi th  the other diet-fed rats. Cardiac EPA levels were also elevated in DHA-treated rats compared wi th  untreated rats 
(P < .05). These results suggest that EPA attenuates coronary and myocardial preservation injuries through an increase in 
serum lipids and an accumulation of myocardial FFAs resulting from a HC diet. 
Copyright © 1999 by W,B. Saunders Company 

H IGH SERUM CHOLESTEROL levels that impair coro- 
nary endothelium and smooth muscle lead to impaired 

cardiac function. Hypercholesterolemia itself injures endothe- 
lial cells and reduces their ability to release endothelium- 
derived relaxing factor (EDRF), which then influences vascular 
tone and thus causes arterial stiffness. 1,2 In contrast, elevated 
free fatty acid (FFA) levels during ischemia result in an 
increased incidence of arrhythmia and impaired cardiac-pump 
performance. 3-6 FFAs, which are the most common metabolic 
substrates of the myocardium under aerobic conditions, have 
been shown to be harmful under ischemic conditions. 7 The 
proposed mechanism for the detrimental effects of FFAs include 
an accumulation of toxic intermediates of fatty acid metabo- 
lism, inhibition of glucose utilization, particularly glycolysis 
during ischemia and/or reperfusion, and uncoupling of oxida- 
tive metabolism from electron transfer. FFAs accumulate in the 
myocardium during ischemia and reperfusion, and thus may be 
an indicator of myocardial damage, s-n 

Epidemiologic studies indicate that the intake of large 
amounts of fish oil-derived co-3 polyunsaturated fatty acids 
(PUFAs), of which eicosapentaenoic acid (20:5 [EPA]) and 

docosahexaenoic acid (22:6 [DHA]) are the major components, 
prevents coronary artery disease. 12,13 Cardiac function is im- 
proved, susceptibility to arrhythmia is reduced, and infarct size 
is decreased in animals that receive a fish oil diet compared with 
those that receive a high-cholesterol diet. 14 Although the 
mechanisms underlying this protection have not been fully 
elucidated, alterations in the lipid composition of cellular 
membranes in myocardial cells, leukocytes, and platelets may 
represent the most plausible explanation. 12 Studies have shown 
that dietary supplementation with ~0-3 PUFAs has direct protec- 
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tive effects on the myocard ium after exposure  to warm ischemia  
and reperfusion.  15,16 Diet- induced alterations in myocardial  

membrane  phosphol ipids  are associated with alterations in the 
cardiac function and response  to stress. 17-2° Supplementat ion 

with ~0-3 PUFAs,  which  changes the fatty acid composi t ion  of  
myocardial  phospholipids ,  may affect cellular transport  pro- 

cesses  or enzyme activities and thus lead to alterations in 

cardiac funct ion and in the response  o f  the heart  to i schemic  
stress. 1 

As  the need for donor organs becomes  greater, a number  of  
centers have decided to increase the age o f  potential  donors,  

pending the results o f  a careful examinat ion of  the donor ' s  
medical  history. 21-23 Recently, there has been  an increase in the 

number  of  individuals with hyper l ip idemia due to a high- 

cholesterol  diet and/or a hereditary predisposi t ion for the 
condition.  These  hyperl ipidemic individuals,  in most  cases,  are 

considered for cardiac surgery or heart  transplantation. In the 

present  study, we  inves t igated the inf luence of  a high-  
cholesterol  diet on myocardial  FFAs,  serum lipid, and basel ine 

and post-preservat ive hemodynamics .  In addition, we also 
examined the effects on these parameters  of  supplement ing a 

high-cholesterol  diet with o)-3 PUFAs.  

MATERIALS A N D  METHODS 

Animals and Diets 

The present study conformed to the guidelines specified in The Guide 
for the Care and Use of Laboratory Animals published by the US 
National Institutes of Health (Publication No. 85-23, revised 1985). A 
total of 35 female 30-week-old Wistar rats were used. The experimental 
groups were as follows: (1) standard diet (control [C]), ie, a laboratory 
commercial chow pellet that does not contain any fish products (FIR; 
Fnnabashi Farm, Chiba, Japan) (n = 5), (2) C diet with EPA-E (EPA) 
supplement 300 mg/kg/d (n = 6), (3) C diet with DHA-95E (DHA) 
supplement 300 mg/kg/d (n = 6), (4) high-cholesterol (HC) diet (F1R 
diet containing 1% cholesterol and 1% cholic acid; Funabashi Farm) 
(n = 6), (5) HC diet with EPA supplement 300 mg/kg/d (n = 6), and (6) 
HC diet with DHA supplement 300 mg/kg/d (n = 6). The composition 
of the C diet and HC diet is shown in Table 1. The rats were housed 
under constant temperature on a 12-hour fight/dark cycle and fed their 
respective diets for 5 weeks. EPA or DHA diets were orally adminis- 
tered via a stomach tube for 5 weeks. Food and water were given ad 
libitum. Body weight and food intake were measured before and after 
the experiment. The rats were anesthetized using sodium pentobarbital 
(65 mg/kg intraperitoneally), and 1 mL blood was collected from the 
inferior vena cava using heparinized syringes. EDTA (1 retool/L) was 
added to the blood, which was then centrifuged at 3,000 rpm for 20 
minutes at 4°C. The plasma was collected and used to measure plasma 
lipid levels. 

Table 1. Composition of the C Diet and the HC Diet (%) 

Component C Diet (F1R) HC Diet 

Water 8.0 6,0 

Protein 21.3 21.3 

Fat 5.1 5.1 

Fiber 3.1 3.1 

Carbohydrate 5.0 5.0 
Non-nitrogen 57.5 57,5 

Cholesterol -- 1.0 

Chofic acid -- 1.0 

Total energy (kcal/g) 4.2 4.2 

Heart Perfusion 

Parallel experiments were performed in vitro using isolated hearts 
from each group. Following collection of ] mL blood for plasma lipid 
analysis, the hearts were excised and immediately immersed in 
Krebs-I-Ienseleit bicarbonate buffer (KHB) solution consisting of NaC1 
118 mmol/L, KC1 4.7 retool/L, MgSO4 1.2 retool/L, KH2PO 4 1.2 
mmol/L, CaC12 2.5 retool/L, NaHCO3 25.0 mmol/L, and glucose (11.0 
mmol/L at 37°C. The heart was then immediately mounted on a 
Langendorff (L) apparatus (IPH-W; Labo Support, Osaka, Japan) via 
the aorta and perfused at a constant pressure of 60 mm Hg in 
nonrecirculating L-mode for 3 minutes. Perfusion was performed with 
filtered (0.22 gin) KHB solution that was previously equilibrated with 
95% 02 and 5% CO2, and maintained at 37°C. The KHB perfnsate in 
this circuit was not recycled. During preparation, the excised hearts 
were cannulated rapidly to minimize the ischemic time. Following 
cannulation of the left atrium via the pulmonary vein, the apparatus was 
switched to working mode (W-mode) with a left atrial filling pressure of 
10 mm Hg and an afterload of 60 mm Hg. The baseline cardiac function 
was determined following 30 minutes of W-mode. The following 
parameters were measured: aortic flow ([AF] milliliters per minute), 
coronary flow ([CF] milliliters per minute), cardiac output ([CO] 
milliliters per minute), heart rate ([HR] beats per minutes), systolic 
pressure ([SP] mm Hg), aortic mean pressure (ram Hg), rate pressure 
product ([RPP] I-IR × SP), and left ventricular maximum dp/dt (LV 
dp/dt). Following evaluation of the pre-preservative cardiac function, 
the hearts were arrested by administration of a histidine-buffered 
Bretschneider (HTK) solution (60 mL/kg at 4°C) via an aortic cannula 
at a pressure of 60 mm Hg. The HTK solution was used because of its 
suitability for cardiac preservation. 24 Each heart was then stored in 30 
mL HTK preservation solution at 4°C for 8 hours. Next, the hearts were 
mounted on the L-apparatus and reperfused for 15 minutes on L-mode. 
Reperfusion was also performed with filtered (0.22 pin) KHB solution, 
that was previously equilibrated with 95% 02 and 5% CO2, and 
maintained at 37°C. The KHB perfusate in this circuit was not recycled. 
The apparatus was then switched to W-mode. Recovery of cardiac 
function in the stored hearts after 45 minutes of W-mode reperfusion 
was evaluated and calculated as a percentage of the pre-preservative 
baseline function. 

After calculating the ability of the stored hearts to recover cardiac 
function, a part of the LV specimen was frozen in liquid nitrogen and 
stored at -80°C until needed for further analysis. 

Total Fatty Acid Profiles for Cardiac Lipids 

A modification of the one-step reaction reported by Lepage and Roy 25 
was used for preparation and analysis of fatty acids in heart tissue, Gas 
chromatographic separation was performed on a model 5890 II gas 
chromatograph (Hewlett-Packard, Avondale, PA) equipped with a flame 
ionization detector and an automatic sampler (model 7673). Peak 
identities were established by spiking with reference compounds and in 
part by gas chromatography-mass spectrometry (JMS-D 300; JEOL, 
Tokyo, Japan). 

Chemicals and Reagents 

EPA-E (EPA), an ethyl-ester derivative of all-cis-5,8,11,14,17- 
eicosapentaenoic acid (C20:5, n-3), and DHA-95E (DHA), an ethyl 
all-cis-4,7,10,13,16,19-docosahexaenoic acid (C22:6, n-3), were pre- 
pared by Mochida Pharmaceutical (Tokyo, Japan) and Harima Chemi- 
cals (Hyoga, Japan), respectively. EPA and DHA were emulsified gently 
in a 5% gum arabic solution in ice-cold water with an ultrasonic cell 
homogenizer and administered orally via a stomach tube. The vehicle 
(5% gum arabic solution) was administered to the C groups with no EPA 
or DHA supplement. Tricosanoic acid, arachidonic acid, EPA, and DHA 
as fatty acid standards were obtained from Sigma Chemical (St. Louis, 
NO). 
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Statistical Analysis 

All results are presented as the mean + SEM. Statistical evaluation of 
the data was performed by one-way ANOVA and Scheffe's F test within each 
dietary group. Significance was established at a P level of less than .05. 

RESULTS 

Food Intake and Body Weight 

The mean food intake in groups 1 to 6 was 18.7 + 0.7, 18.4 _+ 
2.1, 17.9 -+ 1.3, 18.6 _+ 0.7, 19.8 _+ 3.4, and 19.5 + 0.5 g/d per 
rat, respectively. The mean body weight in groups 1 to 6 was 

203 _+ 3,200 + 5,208 _+ l l ,  207 + 3,205 _+ 19, and 204 + 4 g, 
respectively. There were no significant differences in food 
intake or body and heart weight between groups. 

Fatty Acid and Lipid Profiles 

Figure 1 shows the fatty acid profiles for cardiac lipids. 
Administration of EPA or DHA increased cardiac EPA and DHA 
levels compared with the other dietary groups (P < .05). DHA 
supplementation also significantly increased cardiac EPA levels 
compared with the untreated groups. No significant differences 
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Fig 1. Fatty acid profiles of 
cardiac lipids. (A) PA, palmitic 
acid; OA, oleic acid; LA, linoleic 
acid; AA, arachidonic acid. (B} 
DHA and EPA. C, group 1; C + 
EPA, group 2; C + DHA, group 3; 
HC, group 4; HC + EPA, group 5; 
HC + DHA, group 6. *Significant 
difference between groups. 
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were observed for cardiac arachidonic acid levels among any of 
the diet-fed rats, but EPA administration significantly decreased 
cardiac levels of palmitic, oleic, and linoleic acids in HC diet 
groups. No significant differences were observed for cardiac 
FFA levels in C diet rats. 

Figure 2 shows the plasma concentration of total cholesterol 
(TC) and triglyceride (TG). Although plasma TC and TG levels 
were higher in HC diet groups versus C diet groups, EPA 
administration with the HC diet significantly reduced these 
levels. No significant differences were observed for plasma TC 
and TG concentrations in C diet rats. 

Basal Cardiac Function 

Figure 3 shows the effects of to-3 PUFAs on basal cardiac 
function. Although there were no significant differences in basal 
cardiac function within the C diet groups or within the HC diet 
groups, CO was lower in groups 4 and 6 than in any of the C diet 
groups. In addition, LV dp/dt was lower in group 4 than in any 
of the C diet groups. 

Recovery of Cardiac Function After Preservation 

Figure 4 shows the recovery of cardiac function after 
preservation. No significant differences were observed for 
post-preservative cardiac function in the C diet groups. How- 
ever, in the HC diet groups, the recovery of AF and CO was 
significantly higher in group 5 versus groups 4 and 6. In 
addition, the recovery of CF, RPP, and LV dp/dt in group 5 and 
recovery of CF and LV dp/dt in group 6 were significantly 
higher than the corresponding values in group 4. 

DISCUSSION 

In the present study, the HC diet caused an impaired recovery 
of cardiac function, and the resulting cardiac levels of palmitic, 
oleic, and linoleic acids were lower and the recovery of cardiac 
function was improved in the EPA-treated group compared with 
the HC diet group. 

400 

(mg/dl) 

600 - 

500 - 

300 

200- 

100- 

T C  T G  

r* 7 mg/dl 
r*-I 

Plasma FFAs are the main source of fatty acids that are 
esterified and incorporated into membrane phosph01jpids, and 
thus a change in plasma FFAs should be reflected in the fatty 
acid composition of membrane phospholipids in the myocar- 
dium. 1 FFAs that accumulate in the myocardium during isch- 
emia and repeffusion reportedly cause myocardial damage. 8-11 
Indeed, many studies have shown that elevated FFA levels 
during ischemia result in an increased incidence of arrhythmia 
and impaired cardiac-pump performance. 3-6 In addition, high 
plasma lipid concentrations have a direct detrimental effect on 
myocardial performance. 3 Inhibitors of FFA metabolism have 
been shown to decrease the size of myocardial infarction and to 
lessen postischemic cardiac dysfunction during global isch- 
emia. 7 The mechanism through which dietary ~o-3 PUFAs are 
responsible for limiting myocardial ischemia and reperfusion 
damage may thus be related to alterations in the fatty acid 
composition of myocardial phospholipid and an effect produced 
by serum lipid and myocardial FFA levels. 12 Other potential 
hypolipidemic actions of EPA are as follows: an inhibitory 
effect on intestinal lipid absorption, an inhibitory effect on lipid 
biosynthesis or promotion of lipid secretion in the liver, and a 
stimulatory effect on lipid catabolism in the blood. 26 

Significant modulation of myocardial eicosanoid production 
induced by dietary supplementation with to-3 PUFAs causes 
increased synthesis of prostaglandin I2 and reduced production 
of thromboxane A2 in myocytes. 27,28 Enrichment of membrane 
phospholipids by ~o-3 PUFAs increases the postischemic CF, 
possibly through the receptor-mediated release of EDRF and 
nitric oxide-mediated mechanisms. 29,3° Hypercholesterolemia 
itself injures endothelial cells, and the resultant reduced ability 
of regenerated endothelial cells to release EDRF could partly 
explain the endothelial dysfunction associated with hypercholes- 
terolemia. 1 In the present study, whereas post-preservative CF 
in HC diet groups was significantly decreased, post-preserva- 
tive CF in rats that received ~o-3 PUFAs was significantly 
increased. Dietary ~o-3 PUFA supplementation, which amelio- 
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Fig 2. Plasma concentration 
of TC and TG. C, group 1; C + 
EPA, group 2; C + DHA, group 3, 
HC, group 4; HC + EPA, group 5; 
HC + DHA, group 6. *Significant 
difference between groups. 
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Fig 3. Basal cardiac function. 
(A) AF, CF, CO, and SR (B) RPP 20 -  
and LV dp/dt. No significant dif- 
ferences were observed in basal 
cardiac function within the C diet 
groups (groups 1-3) or within the 
HC diet groups (groups 4-6). CO 
was lower in groups 4 and 6 v 
any of the C diet groups (groups 10 
1-3). LV dp/dt was lower in group 
4 v any of the C diet groups 
(groups 1-3). C, group 1; C + EPA, 
group 2, C + DHA, group 3; HC, 
group 4; HC + EPA, group 5; 
HC + EPA, group 5; HC + DHA, 
group 6. *Significant difference v 
C diet groups (groups 1-3). 
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rates the development of coronary artery disease and restores 
coronary endothelium-dependent relaxation in impaired coro- 
nary endothelium in hypercholesterolemia, may produce an 
improved recovery of cardiac function after preservation in rats 
fed a HC diet. 

Few studies have described the effects of dietary supplemen- 
tation with DHA on cardiac function after preservation. In the 
present study, dietary supplementation with DHA also signifi- 
cantly increased cardiac EPA compared with the levels in 
untreated HC-fed rats. In addition, the recovery of CF and LV 
dp/dt was higher in DHA-treated versus HC-fed rats. In 
contrast, no significant differences were observed for basal and 
post-preservative CO between untreated HC-fed and DHA- 
treated rats. The feeding duration in the present study was 
shorter than that of several other studies, and thus a longer 
period may be required to increase the retroconverted quality of 

DHA to EPA leading to the improved CO values in DHA- 
treated rats in the present study. DHA supplementation, which 
causes some retroconversion of DHA to EPA, may alter 
myocardial membrane phospholipids and lead to an improved 
recovery of cardiac function after preservation. 31 

In the present study, among the C diet groups, the cardiac 
EPA concentration was also significantly higher in the EPA- 
treated group, but there were no significant differences for 
plasma TC and TG or cardiac FFA levels. EPA administration to 
rats fed the C diet that does not affect the level of plasma lipids 
and cardiac FFAs beyond a normal range may not cause any 
significant difference in cardiac function within the C diet 
groups. Some studies have shown that dietary fish oil does not 
alter the parameters of basal cardiac function. 32,33 Although in 
the present study neither EPA nor DHA supplementation 
changed the baseline cardiac function in C diet groups, EPA 
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Fig 4. Recovery of cardiac 
function after preservation, (A) 
AF, CF, CO, and SR (B) RPP and 
LV dp/dt. C, group 1; C + EPA, 
group 2; C + DHA, group 3; HC, 
group 4; HC + EPA, group 5; 
HC + DHA, group 6. *Significant 
difference between groups. 

administration led to improved baseline CO and LV dp/dt in 
HC-fed rats. Thus, the decreased cardiac function induced by a 
HC diet may be attenuated by EPA supplementation. Kool et 
1tl 34  have reported that a short-term decrease of plasma choles- 
terol does not alter the hemodynamics and vessel-wall proper- 
ties. As already mentioned, the feeding duration in the present 
study was short compared with that of other studies, 32'33 and 
thus a longer period of supplementation with to-3 PUFAs may 
be required to increase myocardial EPA levels, which exert a 
beneficial effect on basal cardiac function. In addition, in the 
present study, only female rats were used, and as a result, gender 
differences may be somewhat responsible for the difference 
between the results of the present study for plasma and cardiac 
lipid levels and those of other studies. 

Fish oils reduce whole-blood viscosity and increase red blood 
cell deformability, and fish oil supplementation may also 
produce fewer oxygen free radicals from neutrophils) 5,36 In the 
isolated heart model used in the present study, neutrophils and 
platelets were absent from the perfusion solution. In addition, 
high serum cholesterol levels in rats fed a HC diet are never 
found clinically. Therefore, the findings of the present study 
cannot be immediately extrapolated to other clinical condi- 
tions such as the blood-perfused transplanted heart. However, 
the present study demonstrates that dietary supplementa- 
tion with EPA improves the recovery of cardiac function 
after preservation in hyperlipidemic rats. In addition, DHA 
administration, wherein DHA was reu'oconverted to EPA, also 
produced some beneficial effects on the recovery of cardiac 
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function. Hence, the alterations in myocardial phospholipid 

composition induced by EPA supplementation may be respon- 

sible for attenuating myocardial preservation injuries. Further 
studies are needed to determine whether EPA perfusion during 
reperfusion bestows a similar protective effect on the human 

cardiovascular system. If this is indeed the case, then wide- 

spread EPA treatment of patients with severe hypercholes- 
terolemia may prove beneficial in clinical practice for cor- 
onary intervention, cardiac surgery, and/or heart transplanta- 

tion. 

REFERENCES 

1. Shimokawa H, Vanhoutte PM: Dietary cod-liver oil improves 
endothelium-dependent responses in hypercholesterolemic and athero- 
sclerotic porcine coronary arteries. Circulation 78:1421-1430, 1988 

2. Shimokawa H, Vanhoutte PM: Impaired endothelium-dependent 
relaxation to aggregating platelets and related vasoactive substances in 
porcine coronary arteries in hypercholesterolemia and atherosclerosis. 
Circ Res 64:900-914, 1989 

3. Opie LH: Effect of fatty acid on contractility and rhythm of the 
heart. Nature 227:1055-1056, 1970 

4. Smiseth OA, Mjos OD: Haemodynamic and metabolic conse- 
quences of elevated plasma free fatty acids during acute ischaemic left 
ventricular failure in dogs. Scand J Clin Lab Invest 45:515-520, 1985 

5. Henderson AH, Most AS, Parmley WW, et al: Depression of 
myocardial contractility in rats by free fatty acids during hypoxia. Circ 
Res 26:439-449, 1970 

6. Willebrands AF, Ter Welle HE Tasseron SJA: The effect of a high 
molar FFA/albumin ratio in the perfusion medium on rhythm and 
contractility of the isolated rat heart. J Mol Cell Cardiol 5:259-273, 
1973 

7. Hendrickson SC, St. Louis JD0 Lowe JE, et al: Free fatty acid 
metabolism during ischemia and reperfusion. Mol Cell Biochem 
166:85-94, 1997 

8. Burton KP, Buja LM, Sen A, et al: Accumulation of arachidonate 
in triacylglycerols and unesterified fatty acids during ischemia and 
reflow in the isolated rat heart. Am J PathoI 124:238-245, 1986 

9. Prinzen FW, Van der Vusse GJ, Arts T, et al: Accumulation of 
non-esterified fatty acids in ischemic canine myocardium. Am J Physiol 
247:H264-H272, 1984 

10. Chien KR, Han A, Sen A, et al: Accumulation of unesterified 
arachidonic acid in ischemic canine myocardium: Relationship to a 
phosphatidylcholine deacylation-reacylation cycle and the depletion of 
membrane phospholipids. Circ Res 54:313-322, 1984 

11. Das DK, Engelman RM, Rousou JA, et al: Role of membrane 
phospholipids in myocardial injury induced by ischemia and reperfu- 
sion. Am J Physio1251:H71-H79, 1986 

12. Hock CE, Beck LD, Bordine RC, et al: Influence of dietary n-3 
fatty acids on myocardial ischemia and reperfusion. Am J Physiol 
259:H1518-H1526, 1990 

13. Kromhout D, Bosschieter EB, Coulander CDL: The inverse 
relationship between fish consumption and 20 year mortality from 
coronary heart disease. N Engl J Med 312:1205-1209, 1985 

14. Yanagisawa A, Matsukura T, Aoki N, et al: Protection of the rat 
myocardium from ischemic injury by dietary lamprey oil. Eicosanoids 
1:93-100, 1988 

15. Hock CE, Holahan MA, Reibel DK: Effect of dietary fish oil on 
myocardial phospholipids and myocardial ischemic damage. Am J 
Physio1252:H554-H560, 1987 

16. McLennan PL, Abeywardena MY, Charnock JS: Reversal of the 
arrhythmogenic effects of long-term saturated fatty acid intake by 
dietary n-3 and n-6 polyunsaturated fatty acids. Am J Clin Nutr 
51:53-58, 1990 

17. DeDeckere EAM, Ten Hoor F: Influences of dietary fats on 
coronary flow rate and left ventricular work of the isolated rat heart: 
Sunflower seed oil vs. lard. Nutr Metab 24:396-408, 1980 

18. Dryden WF, Charnock JS, McMurchie EJ, et al: Dietary lipids as 

modulators of cardiac responses to inotropic drugs, Br J Pharmacol 
76:183, 1982 

19. Hoffman P, Mentz P, Blass KE, et al: Influence of dietary linoleic 
acid on cardiac function and prostaglandin release and on the effects of 
isoprenaline in the isolated rat heart. J Cardiovasc Pharmacol 4:714- 
720, 1982 

20. McLennan PL, Abeywardena MY, Charnock JS: Influence of 
dietary lipids on arrythrnia and infarction after coronary ligation in rats. 
Can J Physiol Pharmaco163:1411-1417, 1985 

21. Banmgartner WA, Augstine S, Borkon AM, et al: Present 
expectations in cardiac transplantation. Ann Thorac Surg 43:585-590, 
1987 

22. Reemtsma K, Hardy MA, Drusin RE, et al: Cardiac transplanta- 
tion: Changing patterns in evaluation and treatment. Ann Surg 202:418- 
424, 1985 

23. Griffith BE Trentu A, Korraos PL, et al: Cardiac transplantation: 
Emerging from an experiment to a service. Ann Surg 204:308-314, 1986 

24. Gu K, Kin S, Saitoh Y, et al: Cardioprotective effect of nicorandil 
in histidine-tryptophan-ketoglutarate solution during the cold storage of 
isolated hearts. Transplantation 61:1572-1575, 1996 

25. Lepage G, Roy C: Direct transesterification of all classes of 
lipids in a one-step reaction. J Lipid Res 27:114-120, i986 

26. Mizuguchi K, Yano T, Kojima M, et al: Hypolipidemic effect of 
ethyl all-cis-5,8,11,14,17-icosapentaenoate (EPA-E) in rats. Jpn J 
Pharmacol 9:307-312, 1992 

27. Abeywardena MY, McLennan PL, Charnock JS: Differential 
effects of dietary fish oil on myocardial prostaglandin Iz and thrombox- 
ane A2 production. Am J Physio1260:H379-H385, 1991 

28. Ahumda GG, Sobel BE, Needleman P: Synthesis of prostaglan- 
dins by cultured rat heart myocyte and cardiac mesenchymal cells. J 
Mol Cell Cardiol 12:685-700, 1980 

29. Shimokawa H, Lam JY, Chesbro JH, et al: Effects of dietary 
supplementation with cod-liver oil on endothelium-dependent re- 
sponses in porcine coronary arteries. Circulation 76:898-905, 1987 

30. Shimokawa H, Vanhoutte PM: Dietary co3 fatty acids and 
endothelium-dependent relaxation in porcine coronary arteries. Am J 
Physio1256:H968-H973, 1989 

31. Leaf A, Weber PC: Cardiovascular effects of n-3 fatty acids. N 
Engl J Med 318:549-557, 1988 

32. Reibel DK, Holahan MA, Hock CE: Effects of dietary fish oil on 
cardiac responsiveness to adrenoceptor stimulation. Am J Physiot 
254:H494-H499, 1988 

33. Black SC, Katz S, McNeill JH: Influence of to-3 fatty acid 
treatment on cardiac phospholipid composition and coronary flow of 
streptozocin-diabetic rats. Metabolism 42:320, 1993 

34. Kool M, Lustermans F, Kragten H, et al: Does lowering of 
cholesterol levels influence functional properties of large arteries? Eur J 
Clin Pharmaco148:217-223, 1995 

35. Terano T, Hirai A, Hamazaki T, et al: Effect of oral administra- 
tion of highly purified eicosapentaenoic acid on platelet function, blood 
viscosity and red cell deformability in healthy human subjects. Athero- 
sclerosis 46:321, 1983 

36. Fischer M, Upcburch KS, Levine PH, et al: Effects of dietary fish 
oil supplementation on polymorphonuclear leukocyte inflammatory 
potential. Inflammation 10:387-392, 1986 


