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Anti-Thrombotic Effects of Egg Yolk Lipids In Vivo
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In this study, we investigated the effect of egg yolk lipids (EYL) on collagen (10 pg/ml)-stimulated platelet aggregation
in vivo. Dietary EYL significantly inhibited collagen-induced platelet aggregation, in addition, increased the formation
of cyclic adenosine monophosphate (cCAMP) and cyclic guanosine monophosphate (¢cGMP), intracellular Ca**-antagonist
as aggregation-inhibiting molecules, in collagen-stimulated platelets. These results suggest that EYL inhibits the
collagen-induced platelet aggregation by up-regulating the cAMP and cGMP production. On the other hands, prothrombin
time (PT) on extrinsic pathway of blood coagulation was potently prolonged by dietary EYL ir vivo. These findings
suggest that EYL prolongs the internal time between the conversion of fibrinogen to fibrin. Accordingly, our data
demonstrate that EYL may be a crucial tool for a negative regulator during platelet activation and blood coagulation on

thrombotic diseases.
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Platelet aggregation is absolutely essential to the formation
of a hemostatic plug when normal blood vessels are injured.
However, the interactions between platelets and collagen
can also cause circulatory disorders, such as thrombosis,
atherosclerosis, and myocardial infarction (Schwartz et al.,
1990). Inhibition of the platelet-collagen interaction provides
a promising approach to the prevention of thrombosis. On
the other hand, the process of platelet aggregation is
regulated, in part, by the second messengers, the cyclic
adenosine monophosphate (cAMP) and cyclic guanosine
monophosphate (cGMP), which decrease the [Ca®'];, an
essential factor for platelet aggregation. Increase of intra-
cellular cAMP or ¢cGMP productions lead to inhibition of

agonist-induced platelet activation: adhesion, release of
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granule substances, and aggregation (el-Daher et al., 1996;
Jang et al., 2002; Rodomski et al., 1990). It is known that
platelet aggregation and blood coagulation are common
risk factors for pathologic phenomena in thrombotic disease.
Blood coagulation systems (secondary hemostasis) have
intrinsic blood coagulation system (activated partial throm-
boplastin time, APTT) from the injured blood vessel, and
extrinsic blood coagulation system (prothrombin time, PT)
derived from tissue. The prolongation of blood coagulation
means the prolonged time of forming fibrin clot and is the
mark of inhibited blood coagulation. Extended APTT and
PT hint that thrombin is produced with delay (Sano et al.,
2003; Davie and Ratnoff, 1964; Furie and Furie, 1988;
Akoum et al,, 1990). In the present study, we therefore
investigated the effect of dietary egg yolk lipids (EYL) on
platelet aggregation and blood coagulation.

Hen eggs have been known to be beneficial to health for
a long time. However, there are adverse reports that egg yolk
proteins are composed of allergens such as lipovitellenin
and livetin (Langeland T, 1983; Anet et al., 1985), and that
lipids of egg yolk contain cholesterol, which affects plasma
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cholesterol levels (Howell et al., 1997). In our study, we
did not analyze the cholesterol content from EYL, however,
dietary EYL diminished triglyceride and total cholesterol
levels of plasma and liver (data not shown). Also, EYL
inhibited the collagen-induced platelet aggregation iz vivo.
Accordingly, we studied whether EYL has anti-platelet and
anti-coagulation effects compared with those of control.
We used fresh mature hen eggs from a local market. Hen
eggs were broken and egg yolk was collected. A total 20 g
of the egg yolk was homogenized with extraction solvents
(chloroform/methanol 2:1, v/v) using the method of Folch
et al. (1957), and then extracted three times with extraction
solvents using an extraction mixer (Lab-Line Instruments,
Inc). After centrifugation, the lower layer was collected,
frozen at -80°C, and then lyophilized for 24 h. This
dehydrated substance was dissolved and extracted in solvent
(chloroformvdistilled water 1:1, v/v). After centrifugation,
the chloroform layer and aqueous layer were separated.
The chloroform layer (EYL) was evaporated, and dried.
EYL was dissolved in dimethysulfoxide {DMSO), and the
effect of DMSO was subtracted from the results.
Sprague-Dawley rats (male, 180~220 g) were purchased
from Hyo-Chang Science Co. (Cheonan, Korea) and
acclimatized for 1 week at a temperature of 22£27,
humidity of 60%5%, and 12-h light/dark cycle with free
access to a commercial pellet diet (Samyang Co., Cheonan,
Korea) and drinking fresh tap water before the experiments.
The experimental groups were fed EYL 1% with com-
mercial pellet diet for 30 days. The Ethical Commitees for
Animal Experiments of Inje University approved this study.
Blood was collected, and anticoagulated with ACD
solution (0.8% citric acid, 2.2% sodium citrate, 2.45%
glucose). Platelet-rich plasma was centrifuged at 125 X g
for 10 min to remove the red blood cells, and the platelets
were washed twice with washing buffer (138 mM NaCl,
2.7 mM KCl, 12 mM NaHCO;, 0.36 mM NaH,PO,, 5.5
mM glucose, and 1 mM EDTA, pH 7.4). The washed
platelets were then resuspended in suspension buffer (138
mM NaCl, 2.7 mM KCl, 12 mM NaHCQ,, 0.36 mM
NaH,POy, 0.49 mM MgCl,, 5.5 mM glucose, 0.25% gelatin,
pH 7.4) to a final concentration of 5 < 10%/ml. To measure
the platelet aggregation by dietary EYL, washed platelets

(10%ml) were preincubated for 3 min at 37°C in the pre-
sence of 2 mM exogenous CaCl,, and then stimulated with
collagen (10 ug/ml) for 5 min. Aggregation was monitored
using an aggregometer (Chrono-Log, Corp., PA, USA} ata
constant stirring speed of 1,000 rpm. Each aggregation rate
was evaluated as an increase in light transmission. The
suspension buffer was used as the reference. As shown in
Fig, 1A, dietary EYL significantly inhibited the collagen
stimulated platelet aggregation by 14% as compared with
that of control.

Consequently, we focused on the effect of EYL on cAMP
and ¢cGMP production in collagen-stimulated platelets.
Washed platelets ( 10%ml) of experimental groups were
preincubated for 3 min at 37C in the presence of 2 mM
CaCly, and then stimulated with collagen (10 pg/mi) for §
min for platelet aggregation. The aggregation was terminated
by the addition of 80% ice-cold ethanol. cAMP and cGMP
were measured with Synergy HT Multi-Model Microplate
Reader (Bio Teck Instrument, Inc., Winoosku, USA} using
¢AMP and ¢cGMP EIA kits. As shown in Fig. 1B and C, the
basal levels of cAMP and ¢cGMP in washed platelets
prepared from control rats were 1.047£0.011 pmol/10°
platelets and 0.273£0.009 pmol/10° platelets, respectively.
Collagen itself decreased intracellular cAMP level from
1.047 pmol/10° platelets to 0.753 pmol/10°® platelets, and
¢GMP level from 0.273 pmol/10® platelets to 0.235 pmol/
10 platelets. However, the dietary EYL up-regulated the
intracellular cAMP up to 1.253 pmol/10°® platelets, and
¢GMP level up to 0.462 pmol/ 10°® platelets in collagen-
stimulated platelets. cAMP and cGMP production by dietary
EYL were significantly increased by 66.4% and 96.6% as
compared with those of control (collagen-stimulated EYL
non-treated group), respectively. These results indicate that
dietary EYL inhibits the collagen-induced platelet aggre-
gation by increasing the cAMP and ¢cGMP production as
negative regulators on platelet aggregation. On the other
hand, in the present study, because we did not determine
the [Ca®"]; and TXA, level, platelet aggregating molecules,
we have not an obvious evidence that EYL decrease the
[Ca®"]; and TXA, level. However, it is known that cGMP
and cAMP inhibit the collagen-induced platelet aggregation
by decreasing the [Ca®"}; and TXA, level (Cho et al., 2007).
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Fig. 1. The Anti-thrombotic effects of dietary egg yolk lipids (EYL) in collagen-stimulated rat platelets ir vivo, (A) Effects of dietary
EYL on collagen-induced platelet aggregation. Washed platelets (10%/ml) were preincubated in the presence of 2 mM CaCl, for 3 min at
37, and then stimulated with collagen for 5 min. Platelet aggregation (%) was recorded as an increase in light transmission. Inhibition by
EYL was recorded as percentage of that of control. *P<0.05 vs control. (B) Effects of dietary EYL on cAMP production on collagen-
induced platelet aggregation. (C) Effects of dietary EYL on ¢<GMP production on collagen-induced platelet aggregation. Washed platelets
(10%ml) were preincubated in the presence of 2 mM CaCl, and then stimulated with collagen (10 pg/ml) for 5 min at 37°C. The reactions
were terminated by adding 80% ice-cold ethanol. cAMP and ¢cGMP contents were measured using EIA kits. °P<0.05 vs intact platelets.
®P<0.001 vs collagen-stimulated EYL non-treated platelets. (D) Effects of dietary EYL on PT and APTT. Data are expressed as mean +
SEM (n=6). #P<0.05 vs control. Control, EYL non-treated group; EYL 1%, EYL 1%-treated group.

On the other hand, we investigated the effects of dietary
EYL on blood coagulation. Citrated platelet-poor plasma
(PPP) was prepared by centrifuging the blood remaining
after the removal of PRP at 1,300 X g for 10 min. The PPP
(0.1 ml) was preincubated in a two-channel coagulator (KG
Behnk Elektronik GMBH & Co., Norderstedt, Germany)
cup (BioMérieux Corp., France) with gentle stirring for 1
min at 37°C. PT was determined as the time interval
between the addition of PT reagent (0.1 ml) to the PPP and

the formation of a fibrin clot. After preincubation for APTT
measurement, 0.1 ml of APTT reagent was added to the
PPP and incubated for 3 min at 37 C. Following incubation,
0.1 ml of 25 mM CaCl, was rapidly added to the PPP
solution containing APTT reagent. APTT was determined
as the time required to form a fibrin clot. As shown in Fig.
1D, dietary EYL prolonged the PT (21.5£0.5 sec) by
14.4% as compared with that (18.8+0.2 sec) of control
without affecting the APTT. It is known that the value of
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PT differs between human and rat, and the sensitivity of PT
is very different according to the kinds of thromboplastin
in rat: recombinant thromboplastin (9.410.79 sec), Dade
(26.710.58 sec), simplastin (18.630.93 sec) (Garcia-
Mansano et al., 2001). When was used the simplastin as
thromboplastin for determination of PT, as the results (Fig.
1D), control PT (18.8£0.2 sec), a reference, is equal to that
(18.610.93 sec) of simplastin, This means that dietary EYL
is a crucial regulator by affecting the extrinsic pathways on
blood coagulation system.

With all above results, dictary EYL inhibits collagen-
induced platelet aggregation by acting a potent cAMP/
¢GMP up-regulator, and prolongs the PT on blood coagu-
lation system. In conclusion, these resulis suggest that
dietary EYL may have an inhibitory effect on platelet
aggregation- and blood coagulation-mediated thrombotic
diseases by reacting as physiologically an effective negative
regulator during thrombosis.
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