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Phospholipids play an important role in the biochemical and physiological processes of cells. An association between
disturbed phospholipids metabolism in neuronal tissue and anxiety it was shown. The aim of this study was to
examine the anxiolytic properties of phospholipids obtained from a new generation of eggs enriched in n-3 PUFA and
its effect on locomotor activity in rat behavioral studies N-3 PUFA-enriched egg yolk phospholipids (“super lecithin”)
were added to the standard feed. Rats were fed by chow without (control group) or with (experimental group) addition
of phospholipids. After six weeks of supplementation, the effect of phospholipids on locomotor activity in the open
field test and anxiolytic properties in elevated plus maze and Vogel conflict test were examined. In the open field
test the total distance traveled in the experimental group was similar to the control group. In the elevated plus maze
test a six weeks phospholipids’ administration significantly prolonged the time spent on the open arms by rats from
experimental group compared to control group. The number of entries into the open arms was also increased but the
difference was not statistically significant. The number of punished drinking water in the Vogel conflict test increased
significantly in experimental versus control group. The obtained results suggest that the phospholipids isolated from

n-3 PUFA enriched egg yolk have a specific anxiolytic effect, without general sedative influence.

1. Introduction

Phospholipids are the main constituent of neuronal membranes,
and play a crucial role in the biochemistry and physiology of
neurons. Based on their chemical structure, phospholipids may
be divided into glycerophospholipids (e.g.: phosphatidylcholine,
phosphatidylethanolamine, phosphatidylserine, phosphatidylino-
sitol), and sphingophospholipids (Farooqui et al. 2000). Cerebral
phospholipids contain exceptionally high amounts of polyunsatu-
rated fatty acids (PUFAs), mainly arachidonic acid (AA, 20:4n-6)
and docosahexaenoic acid (DHA, 22:5n-6) of the n-6 and the n-3
series, respectively (Vancassel et. al 2001). Both, n-3 and n-6 PUFA
are important for brain development and function, but n-3 PUFA
in particular are often deficient in modern diets. DHA deficiency
markedly affects neurotransmission (Chalon 2006), membrane-
bound enzyme and ion channel activities (Yehuda et al. 2002), gene
expression (Barcelo-Coblijn et al. 2003), intensity of inflammation
and immunity (Calder et al. 2002), and synaptic plasticity (Bhatia
et al. 2011). Human studies indicate that a lack of n-3 PUFA, or
an imbalance between n-3 PUFA and n-6 PUFA is involved in the
increasing prevalence of many diseases, including anxiety disorders
(Green et al. 2006; Messamore and Namara 2016; Ross 2009). In
addition, some clinical evidence suggests that the supplementation
of n-3 PUFAs may ameliorate anxiety symptoms (Kiecolt-Glaser
et al. 2011; Santos et al. 2013; Buydens-Branchey et al. 2008).
Cerebral DHA level depends on dietary DHA content as well as on
the liver synthesis from its nutritionally essential PUFA precursor,
o-linolenic acid (a-LNA, 18:3n-3) — a shorter chain form (Rapoport
et al. 2007). Cerebral astrocytes can also convert a-LNA to DHA,
but the synthesis in the brain is limited. So, plasma DHA constitutes
the main source of DHA for the brain (Bradbury 2011).

Fish is the richest dietary source of n-3 PUFA, mainly eicosapen-
taenoic acid (EPA) and DHA, playing an essential role in human
health. However, fish consumption is below the recommended
intake level in many countries (Hossain 2011). It is also notable
that fish may be an important source of various toxic environ-
mental contaminants, such as methyl mercury, polychlorinated
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biphenyls, dioxins, organochlorine pesticides and other environ-
mental contaminants (Costa 2007). Therefore, it seems reasonable
to introduce several n-3 PUFA-enriched food products that could
be an alternative source of those healthy fatty acids.

Eggs are a potential source of n-3 PUFA because they can be easily
enriched with n-3 PUFA by dietary modifications of laying hens.
Three n-3 PUFA-enriched eggs provide approximately the same
amount of n-3 PUFA as one fish meal (Lewis et al. 2000). Eggs are
also an excellent dietary source of choline (251 mg/100 g, mostly in
the form of phosphatidylcholine), an essential nutrient for humans
(Zeisel et al. 2003). The compound is necessary for synthesis of
phospholipids in cell membranes, methyl metabolism, cholinergic
neurotransmission, transmembrane signaling, and lipid-cholesterol
transport and metabolism. Choline can also be synthesized de novo
by sequential methylation of phosphatidylethanolamine to phos-
phatidylcholine. However, de novo synthesis of choline alone is not
sufficient to meet human requirements (Zeisel and Blusztajn 1994).
Despite the significant role played by choline in the central
nervous system (CNS), most studies focus on its role in the cogni-
tive processes, as a precursor of acetylcholine. On the other hand,
the effect of the compound on emotions is poorly understood.
However, results of some large population-based studies suggest
that choline deficiency may favor the development of anxiety
disorders (Bjelland et al. 2009). The beneficial effect of choline
on emotional function is confirmed in animals studies. Choline
supplementation during pregnancy or adolescence was associ-
ated with prevention or reduction of anxiety-like behaviors in rats
(McCall et al. 2015).

2. Investigations and results

The purpose of our study was to evaluate the effect of n-3 PUFA-
enriched egg yolk phospholipids (“super lecithin”, SL), on anxiety
behavior in rat. SL obtained from modified eggs is a rich source
of n-3 PUFA, particularly of DHA, and have a very good n-6/n-3
PUFA ratio of about 1.5:1.
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2.1. Effects of SL supplementation on the locomotor
activity in the open field test (OF)

As seen in Fig. 1 there was no significant difference in the distance

traveled between the supplemented rats and control rats (p > 0.05),

suggesting that SL supplementation had no effect on the locomotor

activity of animals.
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Fig. 1: Effect of “super lecithin” (SL) on rat’s locomotor activity in the open field test.
Data are expressed as mean = SD (n = 10).

the maze was also increased among the group of animals treated
with phospholipids relative to the control group (4.6 vs 3.1),
however the difference was not statistically significant (Fig. 2).

2.3. Effects of SL supplementation on anxiety-like be-
havior in the Vogel conflict test (VCT)

SL added to the standard chow significantly increased the number
of punished licks in comparison to the control group (8.6 vs 4.6; p
< 0.001) (Fig. 3), indicating an anxiolytic-like effect.

3. Discussion

This study examined the effect of SL supplementation on the
anxiolytic-like behavior and exploratory activity of rats. The
anxiolytic effect was evaluated using two standard animal models
of anxiety: the EPM and the VCT, both widely used in research of
new anxiolytic agents (Calabrese 2008).

A 6-week SL supplementation significantly prolonged the time spent
in open arms of the EPM and increased the number of punished licks
in the VCT. These results indicate the anxiolytic effect of SL (Millan
2003). SL had no effect on rats’ motor activity in the OF, suggesting
that the supplement has no sedative adverse effect.

Our results support some previous observations that phospholipids
are an useful source of n-PUFA and have a favorable effect on various
types of behavior, including anxiety-related one. Carrie et al. (2000)
reported that eggs or brain phospholipids supplementation restored
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Fig. 2: Anxiolytic activity of “super lecithin” (SL) in the elevated plus maze in rats. Data are expressed as mean = SD (n = 10). Independent samples t-test: *- p < 0.05, ** -

p < 0.02 compared to the control.

2.2. Effects of SL supplementation on anxiety-like behav-
ior in the elevated plus maze test (EPM)

In the EPM we found that time spent on the open arms of the maze

by SL supplemented rats was significantly longer compared to

control group (128.83 vs 55.61, p < 0.05) and, conversely, less time

was spent in the closed arms (145.43) when compared to controls

(233.43); (p < 0.02). The number of entries into the open arms of
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normal fatty acid composition in the brain and significantly reduced
the level of anxiety induced by n-3 PUFA deficiency in mice. Similar
findings have been made in rats which exhibited increased level of
anxiety upon chronic n-3 PUFA dietary deficiency and decreased
anxiety upon DHA supplementation (Ferraz et al. 2011). A positive
effect of n-3 PUFA on anxiety was also demonstrated in the study
on adult mouse lemurs, a non-human primate (Languille et al. 2012;
Vinot et al. 2011). However, some animal studies demonstrated that
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Fig. 3: Anxiolytic activity of “super lecithin” (SL) in the Vogel conflict test. Data are
expressed as mean + SD (n = 10). Independent samples t-test: * - p < 0.001
compared to the control

n-3 PUFA-enriched diet had no effect on anxiety-related behavior
(Chalon et al. 1998; Farkas et al. 2002).

Similar discrepancies were observed in human studies. N-3 PUFA
dietary supplementation has been found to reduce anxiety in medical
students (Kiecolt-Glaser et al. 2011) and in substance abusers (Buydens-
Branchey et al. 2006) as well as anxiety during pregnancy (Vaz Jdos
et al. 2013). On the other hand, however, clinical trials demonstrated
that supplementation of n-3 PUFA had no effect on anxiety symptoms
in nondepressed, older individuals (van de Rest et al. 2008). Similarly,
n-3 PUFA supplementation was ineffective in relieving symptoms of
obsessive compulsive disorder (Fux et al. 2004).

Some neurophysiological mechanisms have been proposed for the
apparent relationship between PUFA and anxiety. According to one
theory n-3 PUFA supplementation causes reduction of activation of
the hypothalamic-pituitary-adrenal axis, promoting an anxiolytic
effect (Pérez et al. 2013). That hypothesis is supported by studies by
Barbarodo et al. (2013), demonstrating that fish oil supplementation
caused a reduction of stress symptoms in abstinent alcoholics, and
the effect is correlated with a reduced level of cortisol. The anxiolytic
effect of n-3 PUFA is also associated with inhibition of pro-inflamma-
tory cytokines synthesis. These cytokines promote secretion of corti-
cotrophin-releasing hormone (CRH), a primary gateway to hormonal
stress responses (Raison et al. 2006). Moreover, CRH stimulates the
amygdala, a key brain region for fear and anxiety (Hibbeln 2004). In
support of this, n-3 PUFA dietary supplementation has been found
to reduce anxiety in medical students as well as lower synthesis of
pro-inflammatory cytokines (Kiecolt-Glaser et al. 2011).

Long-term n-3 PUFA supplementation increases the level of brain-
derived neurotrophic factor (BDNF) (Bousquet et al. 2009; Wu et al.
2004), regulating synaptic plasticity and increasing neuron survival
(Poo 2001; Cohen-Cory et al. 2010). It is believed that BDNF may
play a role in the pathophysiology of anxiety and in response to
anxiolytic therapy (Kobayashi et al. 2005). In rats, decreasing the
BDNF signal in the central amygdala and the medial amygdala
caused development of anxiety (Pandey et al. 2006, 2008). Some
clinical trials reported decreased BDNF levels in patients with
anxiety-related disorders (Suliman et al. 2013). Moreover, patients
with panic disorder and lower initial serum BDNF levels are inferior
responders to the cognitive-behavioral therapy compared to patients
with a higher level of the factor (Kobayashi et al. 2005).

The anxiolytic effects may be also the result of interactions
between n-3 PUFA and serotonin, norepinephrine or dopamine
pathways. Animal studies have demonstrated that chronic omega-3
deficiency or enriched diet feeding may modify metabolism,
release and uptake of monoamines as well as may induce changes
in 5-HT, and D, receptors (Delion et al. 1996; Innis et al. 2001;
Schipper et al. 2011; Zimmer et al. 1998). N-3 PUFA may also
interact with the endocannabinoid system. Larrieu et al. (2012)
demonstrated that reduced cerebral DHA level caused reduction of
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the cannabionoid signal in structures responsible for mood control,
and eliminates the anxiolytic effect of cannabinoid agonist.

Based on a previous animal study demonstrating that choline posi-
tively modulates emotional function, it may be presumed that the
anxiolytic effect of SL also results from choline level increase. McCall
etal. (2015) reported that supplementing male rats with choline (from
weaning into early adulthood) reduced anxiety-like behaviors in the
open field and the predator odor test. These behavioral effects were
accompanied by an increase in hippocampal neurogenesis, suggesting
a biological basis of choline anxiolytic-like effect.

As a precursor of acetylcholine, choline may intensify the cholin-
ergic transmission (Magil et al. 1981). According to some clinical
and experimental studies, the increased transmission causes reduc-
tion of the anxiety level. It was demonstrated in animal models that
stimulation of the hippocampal cholinergic system induced anxio-
Iytic effects (File et al. 2000b). In contrast, muscarinic receptor
blockade through the M1-specific muscarinic antagonist pirenz-
epine, caused an increase of anxiety-like behavior in rats (File et al.
1998). Similarly, the muscarinic antagonist scopolamine has been
reported to have anxiogenic effects in health volunteers (Curran
et al. 1991) and in patients with geriatric depression (Newhouse
1988). The nicotinic cholinergic mechanisms also participate in
the regulation of anxiety. However, nicotine appears to have both
anxiolytic and anxiogenic effects (File et al. 2000a; Ouagazzal et
al. 1999).

Concluding, probably due to a synergistic effect of two active
elements: n-3 PUFA and choline, SL has an anxiolytic effect.
Therefore, it seems that SL may be a potential candidate for nutri-
tional adjuvant treatment of anxiety disorders.

4. Experimental
4.1. Animals

Male Wistar rats, approximately 3 months old, obtained from the Experimental Medicine
Centre of Medical University of Bialystok, were used. They were housed under standard
laboratory conditions with a 12 h light/dark cycle (lights on at 7 a.m.) at a constant
temperature (21+ 2 °C) and given free access to food and water throughout the experiment.
The experimental protocols were approved by the Ethical Committee on the Animal
Research of the Institute of Immunology and Experimental Therapy Polish Academy
of Sciences in Wroclaw in accordance with the NIH Guide for the Care and Use of
Laboratory Animals.

4.2. Diets

Egg yolk phospholipid fraction (“super lecithin”) obtained from the Department
of Animal Products Technology and Quality Management, Wroclaw University of
Environmental and Life Sciences, from Lohmann Brown hens line was used. The pure
phospholipid fraction, defined as the amount of substance insoluble in acetone was
73%. The content of phosphatidylcholine in this fraction was 81.73%, and phospha-
tidylethanolamine —18.27%. The test substance also contained ovo-lipids, proteins and
small amounts of vitamins (especially E and group B vitamins). The fatty acid composi-
tion of a supplement was estimated by gas chromatography and shown in the Table. The
test diet was prepared by supplementation a conventional laboratory diet (Labofeed H,
Kcynia, Poland) with egg yolk phospholipids (“super lecithin”,, SL; 5 g/100 g diet). The
test diet was prepared every 2-3 days and stored at 4 °C. Rats were fed by chow without
(control group, n=10) or with (experimental group, n=10) addition of SL (5%), respec-
tively. After 6 weeks of supplementation animals were subjected to 3 behavioural tests :
day 1 - open field test, day 3 elevated plus maze test, and days 4-6 - Vogel conflict tests.

4.3. Open field test

The open field apparatus consisted of a round arena (100 cm diameter), with 40 cm
high walls. Each rat was placed individually into the center of apparatus and was
left for 5 min. The distance traveled (cm) was recorded and analyzed with a video-
tracking software (SMART v 1.2, Panlab, Spain). The luminosity at the center of the
open field was 100 lux.

4.4. Elevated plus maze test

The EPM apparatus consisted of two open arms (25 x 12 cm) and two opposite
closed arms (25 cm x 12 cm x 30 cm), situated like a plus sign with an open square
(12 em x 12 cm) in the center. The maze was elevated 50 cm from the floor. Rats
were placed individually on the central square of the maze facing an open arm at the
beginning of the test, and were allowed to explore the maze for 5 min. The number
of entries into (with all four paws) and the time spent in both the open and enclosed
arms were measured. The number of entries to the open arms and the total time spent
in these arms of the maze were taken as an anxiety index. EPM behaviors were moni-
tored and analyzed using the Panlab’s video-tracking system described above.
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Table : Fatty acid composition in phospholipids from egg yolk*

Fatty acids
C14:00 0.40
C14:01 0.16
C16:00 26.36
C16:01 2.52
C17:00 0.24
C18:00 14.05
C18:01 29.66
C18:02 13.08
C18:03 3.12
C20:02 0.18
C20:03 0.12
C20:04 241
C20:05 0.58
C22:06 7.12
-3 10.82
-6 15.79
®6/w3 1.46
Total saturated 41.05
Total nonsaturated 58.95
Total monounsaturated 32.34
Total polyunsaturated 26.61

*-In g/100 total fatty acid

4.5. Vogel conflict test (VCT)

The VCT was performed in a Plexiglas box (50 cm x 26 cm x 15 cm) with a stainless
grid floor. A metallic spout of a drinking bottle containing water was projected into
the box. The simultaneous contact of the animal with the spout and the grid floor of
the cage closed an electrical circuit controlled by a sensor (Panlab, Spain), producing
seven pulses of water per second whenever the animal was in contact with both
components. Each pulse was considered as a lick. After every 20 licks through the
metallic spout of a drinking bottle the rat received a 0.3 mA shock for 0.5 s. Animals
had limited access to water for 3 consecutive days before the test. Ist day: animals did
not have access to water in the home cage except for 15 min in the test cage during
training session to locate the drinking tube and become accustomed to drinking from
it. 2nd day: animals had access to water only during training session (15 min) and for
60 min after it in the home cage. On the third day the test session was carried out (after
72 h water deprivation). The test period lasted for 3 min and the animals received a
0.3 mA, 500 ms shock every 20 licks. The number of licks and shocks delivered were
recorded and analyzed with using Panlab’s software — PackWin v 2.0.

4.6. Statistical analysis

The analysis of the data was performed using STATISTICA 9.0 (StatSoft, USA). All
values presented are expressed as mean + SD (standard deviation). To evaluate the
differences between the control and the test group the independent samples t-test test
was used. The differences were considered statistically significant at p < 0.05.
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