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Abstract

The influence of docosahexaenoic (DHA) acid obtained from a new generation of eggs on ventricular electrical function of
24 pigs with experimentally induced tachycardiomyopathy was described. Two groups were formed, 12 pigs had experimentally
evoked tachycardiomyopathy and were getting standard feed (control group TIC). Twelve pigs with tachycardiomyopathy received
feed with an addition of a dietary supplement containing phospholipids isolated from new generation of eggs at a dose of 1,000 mg of
DHA/animal/24 h (experimental group TIC). Electrophysiological study was carried out from an external programmer immediately
after implantation of the pacemaker. All the tests were carried out in general anaesthesia. After 8 weeks of fast ventricular pacing at
170 bpm in pigs receiving phospholipids obtained from eggs, a statistically significant shortening of ventricular refraction time was
observed during sinus rhythm and also during the ventricular pacing of 130 bpm, and 150 bpm in the group of pigs fed standard feed.
The ventricular refraction time in the sinus rhythm was significantly longer after 12 weeks of fast pacing and in the pacing at 130
bpm and 150 bpm it was significantly longer after 8 weeks of fast pacing. Phospholipids containing high percentage of n-3
polyunsaturated fatty acids (PUFA) obtained from new generation of eggs may contribute to the shortening ventricular refraction
period after its oral administration. The n-3 PUFA obtained from a new generation of hen eggs may be an alternative to fish oil

source of DHA and other polyunsaturated fatty acids.
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In 1976, after the publication of a report
indicating that high consumption of sea fish diminishes
the risk of contracting cardiovascular diseases, there was
an increased interest in therapeutic applications of
polyunsaturated fatty acids (PUFA) in prevention and
treatment of these diseases (1). Numerous experiments
on animal models and randomised tests on people with
heart diseases, which aimed at defining the therapeutic
role of PUFA in cardiovascular disease, have been
conducted since that moment. Despite of many tests on
animal models and cell cultures, the mechanism of
antiarrthythmic action of eicosapentaenoic acid (EPA)
and docosahexaenoic acid (DHA) has not been
completely explained and therefore, experimental and
population tests on various groups of people suffering
from cardiovascular system diseases are performed. At
the same time, the search for sources of these fatty acids,
other than fish oils has begun because of the patients’

intolerance to large amounts of such oils, which is
needed to reach a therapeutic DHA dose.

The aim of the study was to define the
influence of DHA obtained from new generation of eggs
on repolarisation of ventricles in pigs with an
experimental tachycardiomyopathy.

Material and Methods

Twenty four pigs were used in the experiment:
12 pigs with experimentally evoked tachycardio-
myopathy getting standard feed (control group TIC) and
12 pigs with tachycardiomyopathy fed a diet supplement
containing phospholipids isolated from new generation
of eggs at a dose of 1,000 mg of DHA/animal/24 h for
12 weeks (15 g of product from eggs) (experimental
group TIC). Tachycardiomyopathy was evoked by
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means of one-chamber pacemaker IDENTITY ADx DR
(St. Jude Medical, USA) with a ventricular electrode
TENDRIL STS (St. Jude Medical, USA) pacing at 170
bpm according to the procedures described by
Pastawska et al. (12).

The material consisted of specially designed
eggs obtained from hens of the Lohmann Brown line.
Laying hens were fed standard feed ad [libitum
supplemented with a mixture containning: 3% fish oil,
1.5% of dried algae, 2% of Humokarbowit and
Humobentofet humic preparations, and 0.01% of
vitamin E. The eggs were subjected to a process of
separating the yolks, which were then spray dried.
Drying was carried out at a temperature of inlet air of
185°C + 5°C to the drying chamber with an outlet air
temperature of 70°C + 2°C. The extraction of the
powder was carried out in a tank equipped with a
mechanical stirrer while maintaining the ratio of solvent
yolk dilution at 1:6 m: v. A uniform suspension process
was carried out for 70 min. After the separation of
alcohol from the residue using a filter press, it was
evaporated in vacuum of 150 mbar (1.5 x 104 Pa) at
50°C. The crude phospholipids were analysed to

determine purity, fatty acids profile, and content of the
basic groups of the phospholipids.

The phospholipids were converted to fatty acid
methyl esters (FAME) as follows: 50 mg of sample were
dissolved in 4 mL of 0.5 M methanolic NaOH solution
and heated under reflux for 2 min. After that, 4 mL of
BF;-MeOH (14%) complex were added and the
mixtures were heated again under reflux for the next 2
min. After cooling, the mixtures were extracted with 6
mL of hexane and the organic layers were washed with
saturated NaCl solution. Hexane extracts were dried
over anhydrous magnesium sulphate and analysed
directly by gas chromatography. In order to determine
the fatty acid profile chromatographic analysis (GC/MS)
was performed with the use of gas chromatographer
6890N coupled with mass spectrometer GC5973
(Agilent Technologies, Poland). The HP 88 column was
used and the flow of carrier gas (He) was at a level of
1.0 mL/min. Injector temperature was set at 230°C, and
the detector at 240°C. The temperature programme was
established within the following time frame: 100°C/hold
0.5 min then 3°C/min to 180°C, hold 17 min and
5°C/min to 210°C, hold 45 min. The content of fatty
acids in phospholipid fractions is presented in Tablel.

Table 1
Fatty acid composition in phospholipids from egg yolk (%)
Fraction Percentage
Acetone insoluble matter (Al) 73.00
Phosphatidylcholine (PC) 81.72
Phosphatidylethanolamine (PE) 18.27
Fatty acids

C14:00 0.40

Cl14:01 0.16
C16:00 26.36

Cl16:01 2.52

C17:00 0.24

C18:00 14.05
C18:01 29.66
C18:02 13.08
S ass 3.12
C20:02 0.18

C20:03 0.12

C20:04 2.41

0.58

7.12
10.82
15.79

1.46

saturated 41.05
unsaturated 58.95
MUFA 32.34

PUFA 26.61




The content of basic groups of phospholipid
fractions was measured with high performance liquid
chromatography (HPLC) (Agilent 1200 Series HPLC
Systems, purchased from Agilent Technologies,
Poland). Ten milligram samples were dissolved in 1 mL
of 2-propanol and analysed directly by liquid
chromatography. HPLC was used to define the content
of phosphatidylocholine (PC) and phosphatidyletha-
nolamine (PE) in the extracts isolated from egg yolk.
For this purpose, 1% solution of extract of phospholipids
in acetonitrile/methanol (2:1 v/v) after filtration was
subjected to chromatographic analysis. The eluent was
prepared with acetonitrile, methanol with the addition of
2% phosphoric acid and the flow was set at
1.25 mL/min. The column SUPELCOSIL™ LC-Si
15 cm*4.6 mm 3 pm particle size was heated at 35°C.
The content of the basic groups of phospholipid
fractions is presented in Table 1.

The animals were qualified as healthy before
the onset of the examinations based upon -earlier
morphological and biochemical blood tests. The
following biochemical parameters were determined:
activity of alanine aminotransferase (ALT) and asparate
aminotransferase (AST), as well as the levels of urea,
creatinine, Na', K', total Ca, Mg*’, and CI.
Morphological blood tests were performed in an Micros
ABX Vet Animal Blood Counter (ABX Diagnostics).
Biochemistry tests were performed in Konelab Prime
30i (Thermo Scientific).

Before the pacemaker implantation, all pigs
underwent an ECG test (BTL 08 SD) with a great
attention paid to the period of repolarisation (QT, QTc¢)
and an echocardiographic test (ALOKA 4000 + with 5
MHz sector heads). Animals with arrhythmias were
excluded. In the echocardiographic test from right
transthoracic ~ echocardiography, the  following
parameters were assessed: left ventricular diameter in
diastole (LVIDd) and systole (LVIDs), interventricular
septum thickness in diastole (IVSd) and systole (IVSs),
and left ventricular free wall in diastole (LVPWd) and
systole (LVPWs). Ejection fraction (EF) and fractional
shortening (SF) were calculated automatically.
Electrophysiological study (EPS) was carried out from
an external programmer immediately after implantation
of the pacemaker. EPS protocol included the following:
pacing with a single premature impulse (8+1) during the
sinus rhythm and with a single double (8+2), triple (8+3)
premature impulses during pacing rhythm at 130 bpm
and 150 bpm, and also a pacing during a frequency of
180/min for one min. This pacing was used to provoke
of arrhythmias. All the tests were performed in general
anaesthesia. The pigs were premedicated by
intramuscular injection of a mixture of 0.1 mg/kg of
midazolam (Midanium 5 mg/mL, Polfa, Poland), 0.02
mg/kg of medetomidine (Cepetor | mg/mL. CP-Pharma
Handelsges), and 8 mg/kg of ketamine (Bioketan 100
mg/mL Vetoquinol Biowet, Poland). Anaesthesia was
induced by an intravenous bolus injection of 2 mg/kg
propofol (1% Propofol, MTC/LCT Fresenius Kabi).
Fourteen days after implantation (healing time), the
pacemaker was programmed in the VVI 170 bpm mode,
ECG test, heart ultrasonography, and EPS from the
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pacemaker were carried out after 4, 8, and 12 weeks of
DHA administration. The experiment was approved by
the National Bioethical Committee.

Results

All pigs developed tachycardia induced heart
failure. Its presence was confirmed by the appearance of
the following characteristic symptoms: diminished
eagerness to move, gradual fall of physical capacity,
earlier appearance of dyspnoea, and changes of
echocardiographic parameters during the tests carried
out at 4, 8, and 12 weeks of the experiment. Cardiac
enlargement and the fall of the shortening and ejection
fractions were observed in echocardiography in both
groups of pigs. No statistically significant changes in
ECG parameters were observed between the tested
groups of animals during the respectively compared time
of the experiment (Table 2). No changes in the tested
morphological and biochemical parameters of blood
were observed during the experiment

After 8 weeks of fast ventricular pacing in pigs
getting phospholipids from new generation of eggs,
statistically significant shortening of time of ventricular
refraction both in the sinus rhythm and also in the
ventricular pacing at 130 bpm and 150 bpm was
observed (Table 3). Significantly shorter refraction time
was also noticed in the 12" week of phospholipids
administration compared to the test run in the 4™ week
but it was not statistically different from the refraction
time defined in the 8™ week of phospholipids
administration. In the group of pigs fed standard feed,
the ventricular refraction time in the sinus rhythm was
significantly longer after 12 weeks of fast stimulation
and in the pacing at 130 bpm and 150 bpm it was
significantly longer after 8 weeks of fast pacing. The
tendency of prolonged refraction time was also observed
in the 12" week of the experiment. Still, the results did
not gain a statistical significance compared to the results
observed in the 8" week of the experiment.

In EPS run in the group getting phospholipids
immediately after implantation of the pacemaker and
after 4 weeks of fast ventricular pacing, a sustained
ventricular tachycardia in one pig, a non-sustained
ventricular tachycardia in two pigs and ventricular
fibrillation interrupted by a defibrillation in one of the
animals were evoked (Fig. 1).

After 8 and 12 weeks of phospholipid
supplementation, it was impossible to evoke arrhythmia
in any of the animals. In the group getting standard feed
ventricular tachycardia was provoked in two pigs and it
was evoked during the whole period of the experiment.

Discussion

The unique characteristic of the study is the
source of unsaturated omega 3 acids, i.e. the new
generation of eggs, rather than fish oil previously
investigated by other research groups (2-4, 8, 14).
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Table 2
Data of echocardiography and ECG examination in both groups
Control group TIC Experimental group TIC

Parameters After After After After After After

4 week 8 week 12 week 4 week 8 week 12 week
Ejection 67 +3.56 42.5 £7.45 36 +20.1 64+4.45 44541045  40+15.5
fraction (%)
Shortening 37444 2674 203+10.6 34429 29161 217482
fraction (%)
LA/Ao 1.56 £0.25 2.1£0.2 2.42 +0.25 1.61 £0.18 1.9 n+0.29 2.39 £0.24
LVIDd (cm) 5.67 £0.45 6.57 £0.39 7.01+£0.9 5.48 +0.41 6.3+0.4 6.55+0.73
LVIDs (cm) 3.55+0.21 4.67 £0.6 5.01 1.1 3.48 £0.36 4.8 £0.76 5.45+1.6
P time (ms) 68 £9.3 98 £11.2 118 £11.6 67 £9.1 96 £13.4 114 £9.2
PQ (ms) 120 £20.4 168 £14.5 181 £18.1 123 £21.4 170 £12.86 179 £16.3
QRS (ms) 65 +17.1 80£11.6 81.2+14.2 63 £18.9 76 £10.8 79.6 £14.6
QT (ms) 345 +42 360 +£26.1 356 £34.4 356.7 £39 358 £24.6 326 +43.2
QTc (ms) 426 +43.1 435.5 £36.7 408 £54.3 425.3 +£34.9 418 £32.6 392.5+47.6
HR 84.4+£5.6 83 £5.8 81 +6.3 86.4 +4.6 83.4 6.1 86.8 £10.5

LVIDd - left ventricular internal end-diastolic diameter, LVIDs - left ventricular internal systolic diameter,
HR - heart rate
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Fig. 1. Ventricular fibrillation in pigs after ventricular pacing at 150 bpm 8+3 cycle

Phospholipids isolated from the new generation Development of chronic heart failure
of eggs are devoid of a specific taste and smell, which (tachycardiomyopathy) in the tested animals was proved
makes them significantly different from unsaturated by control tests showing a significant enlargement of left
fatty acids, obtained from fish oils. The animals were ventricle and left atrium and the fall of shortening
taking the phospholipids willingly in the amount fraction and ejection fraction. Expected prolongation of
required by the experimental protocol during the whole P wave time, PQ interval, QRS complex, and duration
period of the experiment, which took 12 weeks. Another time of OT and OTc related with a myocardial
distinguishing feature of the study is the long duration of remodelling were observed.
the experiment-12 weeks, which is one of the longest Despite the fact that the results of recently
described periods of observation to date. Furthermore, it published studies indicate that the influence of
should be emphasized that the experiment was administered unsaturated omega 3 acids on retardation
performed on home swine with inducted chronic heart of the development or reoccurrence of supraventricular
failure, which is an expensive model, however it is arrhythmia was overestimated (3, 4, 14), it does not
considered to be the closest animal model of human change the fact that some antiarrhythmic influence has

chronic heart failure. been documented (5, 13).
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Table 3
Data from electrophysiological study
Control group TIC Experimental group TIC
Parameters After After After After After
[ms] 4 week 8 week 12 week 4 week 8 week 12 week
VERP'sinus 350 4 jga4x 33642170 3604234% A 2031915 24440147 A 237 21647 A
rhythm 8+1
;’flecllio DM 550 un % wk 208 4144% A 300 £12.2%F A8 2714293 23443127~ 184 £54 27 An
;’ERQCIEO DPM g1 a7 5% %k 241 4245~ 250420.6%F A 206434.00 7 17440147~ 158 £13.77 An
;’gRgcllio bPmM ) g7 R 210425.0% A 220424.4%F A 172431457 15642047~ Below 1527 A
;’flR;Cllio DPM oy f170% %k 250 417.0% A 260420.2%F A 2421 42145 F 201 430.6" A 175 £39.77 An
;]le?yilzo BPM 100 40745 % 210 4294% A 2264264%F M 180622035 16743145~ 157 31 47 A
;’ngyclliO DPM 5o g4 sx  2]04252% A 220421.5% A 159 £19.8#  156+11.4%A Below 156

VERP-refraction period of ventricle; * * » significant difference

In order to establish whether the phospholipids
originating from new generation of eggs indicate a
similar  antiarrhythmic  influence, an invasive
electrophysiological test was used.

In the EPS protocol used, a pacing with a single
premature impulse on the sinus rhythm and on two
frequencies of an pacing at 130 bpm (460 ms cycle) and
150 bpm (400 ms cycle) was applied in order to
establish the ventricular refractory period. To evoke
arrhythmia, a pacing with two (8+2) and three (8+3)
premature impulses was applied during the pacing at
130 bpm and 150 bpm and fast ventricular pacing at 180
bpm for 1 min. A significant shortening of VERP after 8
weeks of phospholipids administration was observed
and it was still present at the 12" week of the
experiment. Earlier studies revealed that the unsaturated
fatty acids, especially DHA, reversibly modulate the
operation of ion channels and ion exchangers in the
cardiomyocyte cell membranes influencing the action
potential time (7, 8). Verkerk et al. (16) observed
shortening of action potential period of cardiomyocytes
isolated from swine ventricles after 8 weeks of
application of a diet rich in fish oil. This was possibly
related to the increased density of Iy, Ixs potassium
channels and decreased density of Na‘-Ca* Incx ion
exchanger and calcium channels of L I, type (15, 16).
In the experiment, the swine received phospholipids
orally for a long period, which shows a chronic direct
influence of unsaturated fatty acids on the ventricular
refraction time. Its shortening progressed together with
the duration of the experiment. This phenomenon
indicates that the cardioprotective influence of the tested
phospholipids is possible with longer oral DHA
administration.

A different influence of DHA on the atrial
effective refraction period (AERP) was observed. Cunha
et al. (4) in a test carried on dogs, did not observe any
changes in AERP after intravenous administration of

EPA+DHA during a sinus rhythm or during an
ventricular ~ pacing  immediately after PUFA
administration. They observed, however, prolongation
of AERP after 3 h of fast atrial stimulation 400 bpm.
The differences in the obtained influence on the cardiac
muscle refraction time may result from different ways of
n-3 PUFA administration, different times of exposition
to DHA, and/or a different reaction of atrial and
ventricular cardiomyocytes caused by a different course
of potential activation of atrial and ventricular
cardiomyocytes (11). Atrial repolarisation depends on I,
and Ik, sodium channels, which is why the Iy,
inhibition may prolong the refraction of the atrium but
not the ventricles (15). Cunha et al. (4) administered
DHA+EPA intravenously, leading to an acute exposure
to DHA and EPA during which the blockade of sodium
channels dominated, resulting in shortening the
activation potential and atrial repolarisation.

In the conducted experiment, the decreased
ability to evoke ventricular dysrhythmia in swine
supplemented with phospholipids was observed. More
studies are, however, needed for several reasons.

At first, the examined population was too small to draw
a conclusion on efficient antiarrhythmic function of
phospholipids obtained from new generation of eggs.
One of the potential mechanisms of antiarrhythmic
action of n-3 PUFA is related to the influence on
potassium and sodium channels. Increasing of I
potassium current in the repolarisation phase may
contribute to the shortening of the action potential
duration similarly to a decreased Iycx density. The
change of I, density may cause earlier repolarisation
and more stabilised resting membrane potential (6),
which may protect from the occurrence of late
secondary depolarisations (16). Shorter duration of
action potentially may also protect from arrhythmias via
the re-entry mechanism. Many experiments present an
antiarrhythmic tendency of n-3 PUFA related to the
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duration time of action potentials and creation of
delayed and early after depolarisations (1, 7, 8, 10, 16).

To conclude, phospholipids obtained from the
new generation of eggs, containing a high percentage of
n-3 PUFA, especially DHA, may contribute to the
shortening of the ventricular refraction period after oral
administration. n-3 PUFA obtained from hen eggs may
be an alternative source of DHA and other
polyunsaturated fatty acids to fish oil and they can be a
basis for dietary supplement or bio-preparations.
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