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ABSTRACT: The potential antiarrhythmic effect of dietary fish meat feeding was investigated in rats.
Fish meat, harvested from carps fed experimental foods enriched with essential fatty acids, was mixed
with a commercial rat food and fed to rats for 4 weeks. At the end of the feeding period in anesthetized
rats myocardial ischemia—reperfusion induced arrhythmias were induced by occlusion of the coronary
artery for 6 min, followed by reperfusion. Supplying fish meat, rich in n—-3 type polyunsaturated fatty
acids, significantly decreased the incidence of myocardial ischemia-reperfusion induced arrhythmias
in the rat, and increased the survival rate. These results confirm previous investigations that feeding
fish oil or fish meat may offer cardioprotective effect, and consumption of the farmed fish, like carp,
may result in similar protective effects to the marine food.
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INTRODUCTION

Cardiovascular diseases are the leading
cause of death both in developed and
developing countries (WHO, 2008). In
most cases ischemic heart disease, acute
myocardial infarction and associated ven-
tricular arrhythmias stand in the back-
ground. The restoration of blood flow is
commonly used therapy in case of acute
myocardial infarction. Early reperfusion
after a short lasting myocardial ischemia,
however, can result in arrhythmias, tissue
injury and cell death, called reperfusion
injury (Yellon and Hausenloy, 2007).

Several investigations emphasize the im-
portance of n—3 polyunsaturated fatty acid
(PUFA) consumption and its cardiopro-
tective effects (Psota et al., 2006), both in

primary and secondary prevention of car-
diovascular complications (Saravanan et
al., 2010). These human studies about the
beneficial effects of PUFA feeding are
supported by in vivo investigations in rats
(Lepran et al., 1981; Mclennan et al.,
1990; Lepran and Szekeres, 1992; Zhu et
al., 1994; Foldes et al., 2006), marmosets
(Charnock, 1994) and dogs (Oskarsson,
1993). Long chain n-3 PUFA has also tri-
glyceride lowering effect, and decrease
the synthesis of inflammatory eicosanoids
and cytokines (reviewed by Calder, 2004).

The human body cannot synthesize these
essential fatty acids, thus we need to take
with consuming food rich in PUFA. Marine
foodstuff, rich in eicosapentaenoic and do-
cosahexaenoic acids, is the main source
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of n-3 fatty acids for human beings. Ho-
wever there are many continental coun-
tries without the opportunity to consume
fresh marine food, thereby people sug-
gested to eat farmed fish more, e.g. the
carp. The aim of the present investigations
was to study the effects of feeding carp
meat, harvested from fishes after using
different fish food composition, on myo-
cardial ischaemia—reperfusion induced ar-
rhythmias in rats.

EXPERIMENTAL
Animals and diet

The experiments were performed on male
Sprague-Dawley rats weighing between
250-300 g. The animals were housed 5 to
a cage, and fed carp meat enriched chow
as follows. All carp—meat enriched rat food
(RF2, RF3, RF4, RF5) was prepared using
frozen fish fillets mixed with corn flake in a
ratio of 3:1 of fish meat and corn flake.
This fillet mixture was then grinded and
pelleted after mixing with commercial rat
chaw ingredients. Rat food RF1 was pre-
pared by using commercial fish meal with
added lard to equalize the energy con-
tents. The final experimental rat diets con-
tained approximately 10% of fish flesh.

Fish flesh used for preparing rat food
(RF2-RF5) was taken from carps, fed on
experimental extruded expanded foods
(carp food, CF2-CF5), enriched with diffe-
rent oils (linseed oil; fish oil and Mortierella
alpine oil, containing 40% arachidonic acid
(ARA)) or eicosapentaenoic (EPA) and do-
cosahexaenoic (DHA) ethyl esters. The
amounts of the added oils were as follows:
CF2: 6.0% Linseed oil (LSO); CF3: 3.5%

LSO + 1.5% Arachidonic acid (ARA) + 1%
DHA; CF4: 6.0% Fish oil (FO); CF5: 4.5%
FO + 1.5% ARA. Detailed data of fish food
analysis and other observations obtained
during the fish feeding experiments will be
presented elsewhere.

The weekly portions of the rat foods were
sealed under vacuum in plastic bags and
stored in frozen form until use. The control
rats (CF) were fed a standard rat chow
(CRLT/N rodent food, Bonafarm, Babolna,
Hungary; containing 20.0% crude protein,
4.0% crude fat and 4.3% crude fiber),
supplemented with 10 weight% of pork fat,
rich in saturated fatty acids. Rats were fed
for 4 weeks with the experimental diets.
During this time the animals allowed to eat
the experimental food and to drink tap
water ad libitum. The rat experiments were
performed according to the protocol re-
viewed by the Ethical Committee for the
Protection of Animals in Research of the
University of Szeged, Hungary.

Composition of the rat foods

Proximate composition and metabolizable
energy contents of the experimental rat
foods, RF1 to RF5, as determined by stan-
dard laboratory methods (AOAC, 2005),
are presented in Table 1.

Biological assessment of modified fish
meat in rats

Blood samples were taken for the
measurement of plasma triglyceride (TG),
total cholesterol (TC), high density lipo-
protein (HDL) and low density lipoprotein
(LDL) cholesterol using commercial labo-
ratory tests (Roche Diagnostics, Switzer-
land).

Table 1.

Proximate composition (g/kg) and metabolizable energy content of the rat foods

Composition Rat foods

RF 1 RF 2 RF 3 RF 4 RF 5

Dry matter 876 868 870 874 877
Crude protein 234 244 241 233 238
Crude fat 55 62 54 52 60
Crude fiber 31 34 36 35 32
Crude ash 73 68 65 65 64
N—free extract 483 460 474 489 483
Starch 264 291 286 310 321
ME (MJ/kg) 16.0 16.2 16.1 16.0 16.3
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Myocardial ischemia-reperfusion indu-
ced arrhythmias in anesthetized rats

Animals were anaesthetized with pento-
barbitone and the left carotid artery was
cannulated for measuring the blood
pressure. The trachea was cannulated for
artificial ventilation (Harvard Ventilator,
Model 603) and the chest was opened in
the fourth intercostal space. The heart was
exposed and a loose loop of atraumatic
silk was placed around the left main
coronary artery, approximately 2 mm from
its origin. Both ends of the ligature were
led out of the thoracic cavity through fle-
xible tubing (Lepran and Szekeres, 1992).
The standard electrocardiogram (lead I,
ECG) and the changes in blood pressure
were recorded continuously and displayed
after A/D conversion (Chart5, ADInstru-
ments, United Kingdom). After finishing
the preparation the animals were allowed
to stabilize for 10 min, then the loose loop
of the coronary artery ligature was tighte-
ned and fixed by clamping on the silk and
thus regional myocardial ischemia was
produced for 6 min and then followed by
reperfusion.

The survival rate and the incidence of
arrhythmias were analysed in accordance
with the Lambeth Conventions (Walker,
1988), i.e. ventricular fibrillation (VF), ven-
tricular tachycardia (VT) and other types of
arrhythmias, including single extrasystoles
(VEB), bigeminia, and salvos. The dura-
tion of VF, VT and other types of arrhyt-
hmia attacks were also measured. An

Table 2.

arrhythmia score was used, including the
incidence and duration of different arrhyt-
hmias by giving a grade to each animal
(Lepran and Szekeres, 1992).

Statistical analysis

The survival rate was compared by using
the y?-method with Yates—correction. All
other parameters were expressed as
mean + standard error of the mean (SE)
and after analysis of variance were com-
pared by means of the modified ‘t'—sta-
tistical method.

RESULTS AND DISCUSSION

The consumption of the amount of expe-
rimental rat food was not different from
that of the control rat food. The final body
weight of the animals after 4-week dietary
period was not different among the dif-
ferent experimental groups. The plasma
triglyceride, total cholesterol, high density
lipoprotein cholesterol and the low density
lipoprotein cholesterol concentrations were
also not significantly different after feeding
different experimental diets in rats. The
baseline heart rate and blood pressure
also did not differ among the experimental
groups studied (data not shown).

Coronary artery occlusion in rats produced
a slowly developing regional myocardial
ischemia that induced various arrhythmias
within 4-5 min (Table 2). There were no
significant differences in the survival rate,
incidence of arrhythmias during myocar-
dial ischemia in different diet fed groups,
as compared to the control.

Survival rate and the incidence of arrhythmias during 6 min myocardial ischemia in anesthetized rats

Incidence of ischemia induced arrhythmias

Group N Survived None VF VT Other Score
n % n % n % n % n %

CF 16 15 94 3 19 1 6 8 50 12 75 1.75+0.36
RF1 15 11 73 5 33 4 27 8 53 8 53 2.13+0.65
RF 2 15 12 80 8 53 4 27 6 40 4 26 1.67+0.64
RF 3 13 12 92 2 15 1 8 9 69 6 46 1,62+0.42
RF 4 15 15 100 5 33 0 0 7 46 9 60 1.20+0.26
RF 5 14 14 100 5 36 1 7 7 50 9 64 1.00+0.30

N = total number of animals in a given group; n = number of animals showing the given response. None = no
arrhythmia occurred; VF = ventricular fibrillation; VT = ventricular tachycardia; Other = other types of arrhythmias,

including ventricular extrasystoles, bigeminia.
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Table 3.

Survival rate and the incidence of arrhythmias during reperfusion after 6 min myocardial ischemia in

anesthetized rats

Incidence of reperfusion induced arrhythmias

Group N  Survived None VT Other Score
n % n % n % n % n %

CF 15 5 33 0 0 13 87 15 100 11 73 5,40+0.27
RF 1 11 9 82* 2 18 4 36* 7 64* 6 55 3.09+0.62*
RF 2 12 9 75 1 8 7 58 8 67* 10 83 3.92+0.57*
RF 3 12 7 58 1 8 8 67 11 92 7 58 4.17+0.61
RF 4 15 5 33 1 7 13 87 13 87 8 53 5.13+0.46
RF 5 14 8 57 0 0 9 64 14 100 12 86 4.43+0.47

For abbreviations see Table 2. Asterisk denotes statistically significant difference compared to the control rat food

(CF) fed animals (P<0.05)

Reperfusion after 6 min myocardial ische-
mia induced rapidly developing, severe ar-
rhythmias (Table 3). RF1 and RF2 diets
significantly decreased the incidence of re-
perfusion induced arrhythmias after myo-
cardial ischemia.

The other diets offered somewhat less
protection. Although the survival rate after
feeding RF4 diet was significantly lower
and the incidence of ventricular fibrillation
was higher after feeding RF4 diet as
compared to the other RF diets, the overall
survival during myocardial ischemia and
reperfusion did not change significantly
(e.g. RF1=60%, RF2=60%, RF3=54%,
RF5=57 vs. RF4=33%, no significant diffe-
rence), due to the higher survival during
coronary artery occlusion in the RF4
group.

Preliminary findings from parallel investi-
gations on the composition of fish meat
after different fish food suggest that fish
meat used for preparing the rat food of the
RF4 group was originated from carp group
fed on fish oil fortified feed showed the

best growth, however, producing the
leanest fish fillet.
This is represented by the smallest

amount of crude fat in RF4 (52 g/kg, Table
1) in the present invest-tigations. As a
result, this group of rats were fed smaller
amount of fish fat, in spite of adding the
same weight percenttage of fish meat to
the rat food.

The detailed analysis of fish meat and the
changes in the composition of rat tissue as
a result of dietary treatment needs further
investigations.

CONCLUSION

We may conclude that as a result of the
4-week long feeding period in rats there
were no significant differences among the
five dietary groups, i.e. feeding fish meat
after different fish food composition, as
concerning the body weight, the baseline
electrocardiogram and blood pressure, the
blood lipid parameters, or the response to
6 min myocardial ischemia and 5 min re-
perfusion in rats.

These data suggest that each of the pre-
sent experimental diets (RF1-RF3, RF5)
contained enough polyunsaturated fatty
acids to evoke protection against the de-
velopment of myocardial ischemia—reper-
fusion induced arrhythmias in anaesthe-
tized rats, as compared to the control,
saturated fatty acid rich diet.

Supplying fish meat, rich in n—-3 type poly-
unsaturated fatty acids, significantly de-
creased the incidence of myocardial ische-
mia—reperfusion induced arrhythmias in
the rat, and increased the survival rate.
These results confirm previous invest-
tigations that feeding fish oil or fish meat
may offer cardioprotective effect.

The present results support that con-
sumption of farmed fish, like carps, may
result in similar protective effects to the
marine food, thereby offering a good alter-
native to human dietary suggestions for
continental countries, not having fresh
marine food. However, the observed dif-
ferences in the effects of fish meat con-
taining diets in the present investigations
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are warning, that when using oil enriched
foods care should be taken both about the
quantity and the balanced availability of
the long chain n—-6 and n-3 fatty acids in
the diet.
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CaxeTtak: Y OBOM pafy je WCTpaXuBaH MOTEHUMWjanHU aHTUApPTUTMUYHN edekaT MCXpaHe
pnbrbum MecoM ko nauoBa. Pubrbe Meco wapaHa, XpaweHOr eKCnepvMeHTarHOM XpPaHoM
oboraheHoM eceHuMjanHUM MacHUM KUcenuHama, MeLaHo je ca KoMepuujanHoM XpaHoM 3a nauose u
AaBaHO eKcrnepuMeHTanHMM nauoBuMa y TOKy 4 Hegerbe. Mo ucTeky oBor nepvoga, MauoBu Cy
aHecTe3upaHu U MHAOYKOBAHE Cy apuTMuje m3asBaHe MCXEeMMUjOM MUoKapaa—penepdys3njom Tako LWTo
je kopoHapHa apTepuja 6noknpaHa 6 MMHyTa, ga 6u notom Guna npumerseHa penepdysmja. Pubree
Meco, 6oraTto y n—3 nonvHe3acMheHuM MacHMM KMcenumHama, 3HayajHoO je CMahuno nojaBy aputmuja
n3a3BaHMX Ncxemmnjom mMmnokapga—penepdysumjom n nosehano noctoTak npexvierbasarwa. OBu pesyn-
TaTn NoTBphyjy NpeTxogHa McTpaxuBaka Aa UcxpaHa pubrbum yreem unm pubreum mecom mory ga
npyxe KapauMo—3awTuTy U ga KOH3yMupawe rajeHe pmbe, Kao LWTO je wapaH, MOXe pesyntupartm y
CINWYHMM 3aLWITUTHUM edekTUMa Koje Mpyxajy NnogoBu Mopa.

KrbyuyHe peuun: nauosu, ucxemuja Muokapda-periepghysuja, 06pok ca pubrbum Mecowm,
KapOuo—3awmuma
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