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Dietary fatty acids have cholesterol lowering, antiatherogenic, and antiarrhythmic properties that decrease the
risk of myocardial infarction (MI). This study was designed to study the effects of various oils rich in either
polyunsaturated«-3 or w-6) fatty acids (PUFA) or saturated fatty acids (SFA) on the severity of experimentally
induced MI. Male albino Sprague-Dawley rats (100—15Mgs 20) were fed diets enriched with fish oib<3

PUFA), peanut oil ¢-6 PUFA), or coconut oil (SFA) for 60 days. Experimental Ml was induced with
isoproterenol. Mortality rates; serum enzymes aspartate amino transferase; alanine amino transferase; creatine
phosphokinase (CPK); lipid profiles in serum, myocardium, and aorta; peroxide levels in heart and aorta;
activities of catalase and superoxide dismutase; and levels of glutathione were measured. The results
demonstrated that mortality rate, CPK levels, myocardial lipid peroxides, and glutathione levels were decreased
in the »-3 PUFA treated group. Maximum increase in parameters indicative of myocardial damage was seen in
the coconut oil group. These findings suggest that dietarg PUFA offers maximum protection in
experimentally induced Ml in comparisonde6 PUFA and SFA enriched diets. SFA was found to have the least
protective effect. (J. Nutr. Biochem. 10:338-344, 199@) Elsevier Science Inc. 1999. All rights reserved.
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Introduction cular occlusions. Free radical induced lipid peroxidation
has been proposed as an etiologic factor in cell membrane
damage, atherosclerosis, cancer, Ml, and afjifgin-
creased levels of free fatty acids (FFA) also have been
shown to activate microsomal lipid peroxidation, which
may be an important event in cellular necrosis and darfiage.
Pharmacologic agents have been tested for their effects
on the severity of Ml induced by isoproterenol [1(3,4
dihydroxyphenyl 2-isopropyl amino ethanol], a synthetic

Myocardial infarction (Ml) is the acute condition of necro-
sis of the myocardium that occurs as a result of imbalance
between coronary blood supply and myocardial denfand.
Various theories have been proposed to elucidate the patho
genesis of this critical condition. One theory suggests that
there is increased production of malondialdehyde (MDA),
which is a measure of lipid peroxidation, and a transient

inhibition of protective enzymes such as superoxide dis- ; - -

: catecholamine an@-adrenergic agonist that has been re-
mutase (.SOD) n bOth MI and unstable angfnBlevated ported to cause severe oxidative stress in the myocardium,
nonesterified fatty acids in plasma have been shown to esulting in infarct-like necrosis of the heart mustte.
stlmulatga platelet aggregation and h_ave be_:e_n hy.pOtheS'Ze(%ietary fatty acids may offer a protective role in Ml
to contribute to the progression of tissue injury in Ml by d

increasing tissue oxygen requirements and promoting vas- evelopment. The type and nature of fat are known to
9 Y9 q P 9 influence serum lipid levels in humans and experimental

animalst®~'2 The antiatherogenic effect of various fatty
acids has been reported in numerous studies. The majority
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have been shown to be more protective tha fatty acids Table 1 Fatty acid composition in different oils
from an atherogenic point of vieW? A recent review
suggested thab-3 fatty acids prevent coronary heart dis- Peanut oi Coconut oil Fish oll
ease (CHDY® This is evidenced by the low rate of CHD in
Greenland Eskimos who consume high amounts of fish sealSaturated
and whale fats, which contain+3 fatty acids, docosahexae- 120 B

48.90 11.0

noic acid, and eicosapentaenoic atidRarks et af® com- 1@;8 14.90 2196 06.7
pared diets containing high levels of fish oil with diets  18:0 2.95 6.00 4.1
containing the same amount of SFA in African green  Total 17.85 76.86 41.8
monkeys. The results showed that coronary artery athero-Monoenes 136
sclerosis and aortic atherosclerosis were reduced by fish oil. g, 41.96 18.20 126
In the aorta, the fish oil effect on atherosclerosis was Total 41.96 18.20 27.05
characterized by a decrease in both free and esterifiedPUFA
cholesterol content. Fish oil intake may reduce plasma 18:2(w-6) 40.20 5.33 1.70
fibrinogen concentration and positively modify the fatty ;gfg B B .
X , 3 (0-6) - - 25
acid blood profile of healthy young méd.A recent study 20:4 (-6) _ _ 50
showed that dietary supplementation with fish oil signifi-  20:5 (@-3) - - 13.8
cantly increases endothelial function in peripheral small ggrg Ew-gg - - é-g
p . . e 6 (0- _ _ _
arteries of hypercholesterolemic patieftsUnesterified Total 40.20 533 310

w-3 PUFAs were able to protect cardiac myocytes from
induced arrhythmia&® Reports are also available on the
protective effects of free PUFA on arrhythm#ds?2®

The purpose of this study was to determine the effect of  CPK, AST, and ALT were determined as previously de-
specific types of fatty acids on the severity and progression scribed® Cholesterol, FFA, and phospholipid levels were mea-
of MI. Biochemical parameters including cholesterol, phos- sured in the serum, heart, and aorta as previously descifdeite
pholipids, and FFA, which are indicators of lipid peroxida- €Vels of lipid peroxides (i.e., MDA, hydroperoxides, and conju-
ton In M, and the enzymes aspartate amino transferaseSe, ienes) here measured i e heart and ort ccoring to
(AST.)’ alanine amino transfgrase (ALT), and creatine phos- the level of glutathione also were determined in the’heart ’ti%%ue.
phokinase (CPK) were monitored to assess MI damage.

Statistical tests

Materials and methods Statistical significance was calculated by Studemitsst and a
. . P-value of less than 0.05 was considered signifié8nt.
Animals and diet

The experimental protocol was approved by the Ethical Committee Results
for Conduction of Animal Studies at the University of Kerala.

Male albino Sprague-Dawley rats weighing from 100 to 150 g Mortality

were randomly divided into three dietary groups. The rats were fed

defatted pellets (Gold Mohur, Mumbai, India) enriched with 10% Survival rate was higher in rats fed wiiht3 PUFA enriched

by weight either peanut oik{-6 PUFA), coconut oil (SFA), or fish  diet (9 rats surviving) than in the-6 PUFA group (7 rats
oil (w-3 PUFA). The oils were purchased from the local market at surviving), but the SFA group had the lowest survival rate
Trivandrum. Analysis of fatty acid composition of different oils

was done by gas chromatography and is showfiahle 127 For

this study the lipid extracts of the oils were converted into fatty Table2. Serum AST, ALT, and CPK enzyme activities

acid methyl esters using BFnethanol. Fatty acid methyl ester

peaks were identified by injecting authentic standard mixtures of Groups AST* ALTT CPK¥
fatty acid methyl esters.

The diet and water were provided ad libitum. After 60 days on -6 PUFA 1429 + 49 47.0+17 316.8 + 12.4
the respective diets, the animals were randomly allocated into »-6 PUFA+iso 245.7 = 12.62 150.9 = 6.72  463.8 * 26.02
control and experimental groups of 20 animals in each group.  SFA 14569 £ 5.2 52719 304.0=* 116

SFA-+iso 267.2 = 15.6° 175.1 £ 10.9* 508.2 + 28.5%
L. . -3 PUFA 139.9 + 4.5 489 +17 2916 +=10.9
Myocardial infarction procedures 0-3 PUFA4iso 1933 + 10.8%5° 157.9 « 10.0° 4104 + 93.4b

MI was induced in the experimental group € 10) by subcuta-
neous injection of isoproterenol (30 mg/100 g) twice with an Note: Values are means *= SEM from six animals.

interval of 24 hours between injections. Rats administered isopro- "Micromoles of oxaloacetic acid liberated/min/L serum.

terenol had the expected symptoms of shock, tachycardia, dyspnealM!CfodeS of pyruvate liberated/min/L serum.

anuria, and prostration. Mortality was monitored and rats that a,’\D/"g%rg(gezgr;g;e;g”\‘fvi't'Eergsgémg/'goﬁglrg-

survived after the second injection were sacrificed for histologic , o ; : )
examjnation. The anilmalls in each group were fasted overnight andié?);o?é?;o?z;noﬁared With «-6 polyunsaturated fatty acid (PUFA) +
sacrificed by decapitation. The tissues (heart and aorta) werecp _ (o5 compared between saturated fatty acid (SFA)+iso and -3
removed and cleaned in saline and stored in ice for various pyra+iso.

measurements. Blood was collected and serum was separated fromST-aspartate amino transferse; ALT-alanine amino transferase; CPK-
the blood after centrifugation (3,000 rpm 15 minutes). creatine phosphokinase.
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Table 3 Serum lipid levels

w-3 PUFA+iso group compared with the SHAso group
(P < 0.05). Phospholipid levels were increased a3

Cholesterol - Free fatty acids  Phospholipld PUFA+iso group compared witlw-6 PUFA+iso grou

Groups (mg/100 mL) (mg/100/mL) (9/100/mL) 9 P P 9 P
(P < 0.05).

-6 PUFA 72324 76626  0.173 +0.007 . o
w-6 PUFA+iso 984 £37% 1033 =43%  0.208 = 0.009° Myocardial and aortic lipid levels
N e it a0, The concentration of lipids in the heart are presented in
©-3 PUFA 744+ 08 879+34 0169 = 0006 Table 4 concentrations of lipids in the aorta are presented in
-3 PUFA+iso  109.4 = 412 1153 = 543 0.254 + 0.0122 Table 5 The level of cholesterol in heart tissue was

increased in all of the isoproterenol groups compared with
Note: Values are means = SEM from six animals. the appropriate controls; however, significance was demon-
ZP< 0.05, compared with respective controls. ‘ strated only in the SFAiso andw-3 PUFA groups R <
(§UF;)+gg§r’entCeorg]npoalr(iesdo) with -6 polyunsaturated fatty ~acid 0.05). The myocardial cholesterol level showed a significant
°P < 0.05, compared betwéen saturated fatty acid (SFA)+iso and -3 increase in the SFAiso group cqmpared W.Ith the-6
PUFA+is0. PUFA group P < 0.05). Phospholipid levels in heart and
aorta were the highest in the SFAso group. The level of

) - . , . FFA in heart was increased significantly in the SFi&o
(6 animals s_urvwmg). Mortality was 40% in the SFA oll group compared with the»-6 PUFA+iso group. In the
group, 30% in thew-6 PUFA group, and 10% in the-3 aorta, FFA were significantly decreased in the8 PUFA
PUFA fed group. group compared with the SFAiso group P < 0.01).

Serum AST, ALT, and CPK activities

Serum ALT and CPK activitiesTiable 2 were similar in the
SFA and thew-3 PUFA groups compared with the-6
PUFA group. With administration of isoproterenol (iso), the
activities of these enzymes were elevated compared with the
appropriate controlsR < 0.001). When compared with the
w-6 PUFA+iso group, no significant changes in enzyme
levels of ALT and CPK were observed in the SF&so
group. The activity of enzyme AST in the-3 PUFA+iso
group was decreased significantly compared with the
SFA+iso andw-6 PUFA groups P < 0.05). When com-
pared with the SFAriso group, the activity of enzyme CPK
in w-3 PUFA+iso showed a significant decrease in activity
(P < 0.05).

Lipid peroxides levels

Lipid peroxide levels in the heart are presented able
those in the aorta are presentedTiable 7 Administration
of isoproterenol increased the level of MDA in heart and
aorta when compared with the respective controls. The
levels of MDA were decreased significantly im-3
PUFA+iso group in heart tissue compared with both the
-6 PUFA+iso and SFAriso groups P < 0.01). Levels of
MDA in the aorta were decreased in the SFi&o group
and increased in the-3 PUFA+iso group compared
with the w-6 PUFA+iso group P < 0.05). The level of
MDA in the aortas of thew-3 PUFA+iso animals was
increased significantly compared with the SFi&o group
(P < 0.001).

. The concentration of hydroperoxides in isoproterenol-
Serum lipids levels administered groups was increased in both the heart and
The effects of diet and isoproterenol on the serum lipid aorta compared with the appropriate controls. When com-
profile are shown inTable 3 The concentration of serum pared with thes-6 PUFA+iso group, the level of hydroper-
cholesterol was increased in the SF&o group compared  oxides in the heart showed no significant change, whereas in
with the -6 PUFA+iso group P < 0.01). The levels of  the aorta, both the SFAIso andw-3 PUFA+iso groups
FFA and phospholipid were increased significantly in the showed a significant decreade € 0.001). With respect to
SFA+iso group compared with the-6 PUFA+iso group SFA+iso group,w-3PUFA+iso group showed a significant
(P < 0.01). FFA levels were significantly decreased in the decreaseR < 0.05) only in aortic hydroperoxides.

Table 4 Myocardial lipid levels

Cholesterol Free fatty acids Phospholipid
Groups (mg/100 g tissue) (mg/100 g tissue) (97100 g tissue)
-6 PUFA 189.7 £ 7.6 480.0 = 17.3 2.84 +0.10
-6 PUFA+iso 207.2 =129 632.3 + 28.92 3.06 = 0.18
SFA 226.5 = 10.2 500.0 = 28.8 2.09 = 0.07
SFA+iso 290.0 + 18.8%° 947.0 + 44.8%° 3.91 = 0.25%°
-3 PUFA 180.6 = 6.1 779.2 = 34.0 2.53 = 0.09
-3 PUFA+iso 241.7 = 15.72 973.0 = 44.82° 3.63 + 0.24°

Note: Values are means = SEM from six animals.

2P < 0.05, compared with respective controls.

PP < 0.05, compared with w-6 polyunsaturated fatty acid (PUFA)+isoprenterenol (iso).
°P < 0.05, compared between saturated fatty acid (SFA)+iso and w-3 PUFA+iso.
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Table 5 Myocardial lipid levels
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Cholesterol Free fatty acids Phospholipid
Groups (mg/100 g tissue) (mg/100 g tissue) (/100 g tissue)
-6 PUFA 154.7 £ 5.9 897.7 + 35.0 1.021 = 0.035
w-6 PUFA+iso 164.5 = 10.2 980.5 = 441 1.186 = 0.075
SFA 160.0 + 5.8 778.0 = 28.0 1.110 = 0.05
SFA+iso 197.7 =125 1,103.6 = 50.8% 2.013 = 0.130%P
-3 PUFA 129.5 + 4.8 798.9 + 27.2 1.190 = 0.065
-3 PUFA+iso 1476 = 9.4 822.9 + 35.4° 1.480 = 0.095°
Note: Values are means = SEM from six animals.
2P < 0.05, compared with respective controls.
bbp < 0.05, compared with w-6 polyunsaturated fatty acid (PUFA)+isoprenterenol (iso).
P < 0.05, compared between saturated fatty acid (SFA)+iso and w-3 PUFA+iso.

Although there was an increase in the level of conjugated Discussion

dienes in the heart and aorta of isoproterenol administered
groups compared with their controls, there was no signifi-
cant change in both groups; that is, SFi&o and w-3
PUFA+iso showed no significant change compared with
w-6 PUFA+iso group.

SOD and catalase activities and glutathione levels
in heart tissue

A significant decrease in the activity of the enzymes SOD
and catalase was found in all the isoproterenol groups
compared with the respective controlfable §. Similar
activities of catalase were showndnt PUFA+iso andw-3
PUFA+iso groups, whereas decreased activity was shown
in the SFAtiso group. SOD activity was significantly
decreased in the SFAso group P < 0.05). When com-
pared with then-6 PUFA+iso and SFAriso groups, SOD
activity was significantly increased in the-3 PUFA+iso
group P < 0.05).

Although there was an increase in the level of glutathi-
one content in heart tissue of all the isoproterenol groups
compared with the appropriate controls, there was no
significant change in both thes-3 PUFA+iso and
SFA+iso groups compared with the6 PUFA+iso group.
With respect to the SFAiso group, the glutathione level
was significantly decreased in the-3 PUFA+iso group
(P < 0.05).

Table 6 Myocardial lipid peroxide levels

The increased survival rate following isoproterenol admin-
istration and decreased serum AST and CPK levels clearly
indicate that a diet enriched with fish oil offers better
protection against experimental MI than peanut oil or
coconut oil. The increased survival rate of the3
PUFA+iso group may due to the lowering of cholesterol
and FFA levels in serum and heart. Myocardial and aortic
cholesterol, FFA, and phospholipids were elevated in the
SFA+iso group compared with the-6 PUFA+iso andw-3
PUFA+iso groups. Thew-3 PUFA+iso group showed
minimum elevation in these parameters in the aorta over the
SFA+iso and w-6 PUFA+iso groups. The increase in
serum, myocardial, and aortic lipid levels may be a contrib-
uting factor in the development of atherosclerosis and
subsequent MI. Our findings are in accordance with previ-
ous studies by Spady and Wolléttwhich indicated that
replacement of a saturated fat rich diet with a fish oil rich
diet in rats reduces low density lipoprotein (LDL) choles-
terol concentration as effectively as a reduction in dietary
saturated fat. Fish oil was found to increase LDL receptor
activity and LDL clearance significantly more than SFA.
The levels of FFA, the substrate for microsomal lipid
peroxidation, showed maximum concentration in the serum
and aorta of the SFAiso group. The increased level of
serum FFA in the SFAiso group may be due to increased
lipolysis as suggested by a previous study by Saleena’®t al.

Malondialdehyde Hydroperoxide Conjugated dienes
Groups (mM/100 g tissue) (mM/100 g tissue) (mM/100 g tissue)
-6 PUFA 0.695 = 0.023 19.29 + 0.66 10.90 + 0.380
-6 PUFA+iso 1.5998 + 0.085% 50.66 = 2.992 16.90 = 1.000%
SFA 0.715 = 0.030 27.05 = 0.89 10.40 + 0.364
SFA+iso 1.906 = 0.1142 59.04 + 3.50% 15.16 = 0.894°
-3 PUFA 0.674 = 0.020 37.60 = 1.32 11.62 + 0.420
-3 PUFA+iso 1.096 * 0.060%P° 54.96 + 3.22° 15.64 = 0.910°

Note: Values are means = SEM from six animals.
2P < 0.05, compared with respective controls.

PP < 0.05, compared with w-6 polyunsaturated fatty acid (PUFA)+isoprenterenol (iso).

°P < 0.05, compared between saturated fatty acid (SFA)+iso and w-3 PUFA

+is0.
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Table 7 Aortic lipid peroxide levels

Malondialdehyde Hydroperoxide Conjugated dienes
Groups (mM/100 g tissue) (mM/100 g tissue) (mM/100 g tissue)
-6 PUFA 1.344 + 0.050 189.45 + 6.30 52.41 +1.83
-6 PUFA+iso 1.868 = 0.065% 236.97 + 13.3 57.47 = 2.70
SFA 1.136 = 0.020 55.43 = 0.89 35.24 +1.27
SFA+iso 1.238 + 0.040° 140.4 + 7.70%P 61.21 + 3.43*
-3 PUFA 1.282 + 0.040 57.75 = 1.96 30.97 = 1.05
-3 PUFA+iso 2.200 + 0.080%°° 113.36 + 6.62P° 60.10 = 3.25%

Note: Values are means = SEM from six animals.

2P < 0.05, compared with respective controls.

bpP < 0.05, compared with w-6 polyunsaturated fatty acid (PUFA)+isoprenterenol (iso).
°P < 0.05, compared between saturated fatty acid (SFA)+iso and »-3 PUFA+iso.

Although the myocardial FFA levels were increased signif- PUFA+iso group showed a significant decrease in the
icantly in the -3 PUFA+iso group compared with the MDA levels in the heart but increased levels were observed
SFA+iso group, a significant decrease in the level was in the aorta. The decreased levels of MDA in the heart
observed in aortic FFA. The aortic FFA level was maximum suggest decreased necrosis. MDA is a breakdown product of
in SFA+iso group. This increased FFA level in the aorta unsaturated fatty acids. Maintenance of normal function in
would be a consequence of increased cholesterol levels. Thehe presence of oxygen largely depends on the efficiency of
increased delivery of cholesterol to this tissue can lead totissue protection against free radical mediated oxidative
changes in the permeability of the cell membrane including stress. Oxygen derived free radicals are produced continu-
mitochondrial membran& This can cause impairment in  ously in the cell during cellular metabolism and a variety of
anion transport in the mitochondrial membrane, resulting in mechanisms such as increased oxygen concentration, redox
interference with malate aspartate shuttle, which is a mech-cycle of biochemical substances, or excessive phagocyte
anism for mitochondrial oxidation of nicotinamide adenine activation may modulate the oxidative stress. Increased
dinucleotide (NADH). Under these circumstances, NADH levels of lipid peroxides in the aorta may be related to
could be oxidized by means of an alternate route that increased formation of eicosanoids. A previous report sug-
channels acetate into fatty acid biosynthesis. Elevated non-gested that fish oil enhances the formation of prostacyclin
esterified fatty acids have been shown to stimulate platelet (and to a lesser degree, thromboxane) in tissues, which may
aggregation and may contribute to the progression of tissuehave a possible protective effé€tThe increased concen-
injury in MI by both increasing tissue oxygen requirements tration of aortic lipid peroxides in the-3 PUFA group may
and promoting vascular occlusion. be a compensatory mechanism to protect the tissue during
The production of lipid peroxide is closely associated the recovery phase. Lipid peroxidation causes a disturbance
with myocardial damage due to isoproterenol. It is known of the structural organization of lipoprotein, and as a
that the desaturation of the cell membrane obtained by consequence, there is an increase of LDL cholesterol-
enrichment with PUFA exposes the cell to the toxic effects donating ability and a decrease of high density lipoprotein
of free radicals, which leads to lipid peroxidatidhMDA (HDL) cholesterol-accepting ability. The greater the amount
as determined in this study represents a reliable index ofof LDL oxidized, the more cholesterol is transported to
lipid peroxidation in Ml induced by isoproterenol. Tlkae3 erythrocytes. The greater the level of HDL peroxidation, the

Table 8 Myocardial catalase, superoxide dismutase enzyme activities, and glutathione levels

Superoxide

Catalase dismutase Glutathione
Groups (unit X 10/mg protein®) (unit/mg protein™) (mg/100 g tissue)
-6 PUFA 8.80 = 0.51 11.97 £ 0.67 29.64 +1.0
-6 PUFA+iso 6.97 + 0.24° 8.52 + 0.31° 39.84 + 1.6°
SFA 7.90 + 0.45 10.72 = 0.61 22.20 £ 0.6
SFA+iso 517 = 0.192 6.40 + 0.232° 43.96 = 1.92
-3 PUFA 8.30 + 0.47 10.03 = 0.58 2713+ 0.8
-3 PUFA+iso 6.97 + 0.25° 9.90 + 0.36°° 34.53 = 1.12¢

Note: Values are means = SEM from six animals.

*unit = velocity constant/sec.
Tunit = the enzyme concentration required to inhibit the optical density at 560 nm chromogen production by 50% in 1 minute.

2P < 0.05, compared with respective controls.
PP < 0.05, compared with w-6 polyunsaturated fatty acid (PUFA)+isoprenterenol (iso).

°P < 0.05, compared between saturated fatty acid (SFA)+iso and w-3 PUFA+iso.
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stronger HDL’s cholesterol-accepting function is sup- Conclusion

pressed. Hence lipid peroxidation can play an important role
in lipoprotein modifications, which makes them susceptible
to atherogenesi®.

Oxidative stress can damage many biological molecules;
indeed, protein and DNA are often more significant targets
of injury than are lipids, and lipid peroxidation often occurs
late in the injury proces¥’ Experimental evidence indicates
that free radical-mediated lipid peroxidation can induce
endothelial cell injury or dysfunctiofft Reactive oxygen
species, including peroxidized lipids capable of initiating
cell injury, may be generated within endothelial cells,
present in plasma compounds, or derived from neutrophils.
Lipid peroxidation could initiate or promote the process of

This study showed that dietary intake ©f3 fatty acids as

fish oil can protect the myocardium from experimentally
induced MI. This is documented by a lower mortality rate,

a significant reduction of the levels of enzymes known to be
markers of myocardial damage, decreased atherogenic ef-
fect as evidenced by decreased level of tissue lipids in aorta,
decreased myocardial lipid peroxides, and decreased gluta-
thione levels in the fish oil treated group. Adverse changes
in lipid profile, enzymatic levels, and peroxide concentra-
tions were seen in the coconut oil treated group, which
offered least protection from experimentally induced MI.

atherosclerosis lesion formation by directly damaging en- References
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