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SUMMARY

The discovery that egg yolk has a beneficial effect on fertility in semen extenders led to
its widespread use in semen extenders. Egg yolk is commonly found in semen extenders
to preserve mammalian spermatozoa against cold shock during freeze-thaw process.
Protective action of yolk is largely presumed to be due to low density lipoproteins
(LDL). In recent years, there have been increasing demands to replace whole yolk in
semen extenders because of presence of substances in yolk that inhibit respiration of
spermatozoa or diminish their motility. Consequently, it could be of great benefit to
remove these detrimental substances in yolk rather than complete egg yolk. Recent
studies have confirmed that LDL extracted from egg yolk is successful for
cryopreservation of semen from various species. Density gradient ultracentrifugation has
been generally used for purification of egg yolk LDL. LDL are composed of 84-89%
lipids and 11-17% proteins. Lipids of LDL are composed of approximately 69%
triglycerides, 26% phospholipids and 5% cholesterol. Phospholipids play an essential
role in the stability of LDL structure because association forces are essentially
hydrophobic. LDL presents a density of 0.982 g/ml. They are spherical molecules of 17-
60 nm diameters. The interactions of lipid and protein are disrupted and under freezing,
but interactions between proteins are increased and adhere to cell membranes, thus
preserving spermatozoa membranes. In conclusion, researches are still carried out
needed to evaluate and understand the respective roles of lipids and apoproteins from
LDL and to isolate the antagonistic agent contained in egg yolk.
(T

OZET

Sperma Saklanmasinda Diisiik Yogunluklu Lipoproteinlerin Rolii
Fertilite tzerine olumlu etkisinin kesfinden sonra yumurta sarisi, sperma
sulandiricilarinda yaygin olarak kullamlmaktadir. Yumurta sarisinin kullanilmasindaki
temel amag; dondurma ¢6zdirme sonrasindaki soguk sokuna karst spermatozoanin
korunmasidir. Bu koruyucu etkisini, icerdigi dustik yogunluklu lipoproteinler (LDL) ile
gerceklestirdigi distnilmektedir. Son yillarda yumurta sarisinin tamaminin kullanilmasi
yerine, spermatozoon motilitesini olumsuz etkileyen iceriginin uzaklastirilarak, faydali
kisimlarinin sulandiriciya ilave edilmesi tercih edilmeye baglanmistir. Cesitli ¢alismalarda
yumurta sarisindan elde edilen dusiik yogunluklu lipoproteinlerin farkli tirlere ait
spermalarin dondurularak saklanmasinda bagariyla kullanildigr bildirilmektedir. Yumurta
sarisindan LDL elde etmek icin genellikle ultrafaz santrifiyj ile yogunluk farkina gore
ayirma yontemi kullanilir.  LDL, %84-89 lipid, %11-17 oraninda proteinlerden
olusmaktadir. Lipid icerigin yaklastk olarak %69unu trigliseridler, %26’sin1 fosfolipidler
ve %5’ini de kolesterol olusturmaktadir. Fosfolipidler 6zellikle hidrofobik karakterleri ile
LDL yapisinin korunmasinda etkiliditler. LDL 0,982 g/ml yogunluga sahip bir
molekildir. 17-60 nm ¢apinda olan ve kiresel bigcime sahip bu molekiillerin, dondurma
sirasinda  spermatozoon membranina baglanarak ve seminal plazma proteinleri ile
birleserek koruyucu etkilerini gésterdikleri dustinilmesine ragmen koruma mekanizmast
hentiz tam olarak aydinlatlamamustir.  Cesitli calismalarda bildirildigi  tzere;
sulandiricilarda standart olarak kullanilan %20 yumurta sarst yerine %8 LDL kullanimi,
sperma parametrelerine olumlu katk: saglamakta ve antioksidan enzim aktivitesini 6nemli
Olciide arttirmaktadir. Buna karsin sulandiricida %10’un tzerindeki oranlarda kullanilan
LDL ise spermatozoa kalitesini azaltmaktadir. Sonu¢ olarak hem LDL yapisindaki lipid
ve apoproteinlerin etki mekanizmalarinin aydinlatilmasina yonelik hem de yumurta
sarisindaki zararlt bilesenlerin izole edilmesine yonelik arastirmalar halen devam

etmektedir.
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INTRODUCTION

In the field of reproductive physiology, the
carliest studies involved the cryopreservation of
spermatozoa. Since the development of artificial
insemination with frozen semen, studies have been
conducted to develop an extender that can be used
to improve the cryopreservation of semen. (Luster
SM 2004). The freezing process exposes the
spermatozoa to thermal shock, which results in
damage to the plasma membrane and acrosome.
Various extenders have been tested in an attempt to
limit cellular injury (Woelders et al 1997, Celeghini et
al 2007). The discovery that egg yolk has a beneficial
effect on fertility in semen extenders led to its
widespread use in semen extenders. Egg yolk is
commonly found in semen extenders to preserve
mammalian spermatozoa against cold shock during
the freeze-thaw process (Luster SM 2004). The
precise cryoprotective mechanism of egg yolk is
unknown. The protective action of yolk was largely
attributed to the low-density lipoproteins (LDL)
(Watson and Martin 1975, Quinn and Chow 1980,
Babiak et al 1999, Moussa et al 2002, Bergeron and
Manjunath 2006). In 1974, Pace and Graham
purified egg yolk and observed that LDL fraction
displayed a cryoprotective property. Afterwards,
numerous authors have proposed that the low
density fraction of yolk, which is mainly composed
of LDL, could be largely responsible for the
resistance against cold shock and the improved
motility after storage. (Pace and Graham 1974,
Foulkes 1977, Moussa et al 2002). In this review, we
focused on the latest progressions about using of
LDL in semen cryopreservation.

LDL

LDL make up about two-thirds of the total solids
of egg yolk and are localized in the soluble fraction
of egg yolk called plasma. LDL present a density of
0.982 g/ml. They are spherical molecules of 17-60
nm diameters, with a lipid core of triglycerides and
cholesterol esters surrounded by a phospholipid and
protein film. Phospholipids play an essential role in
the stability of LDL structure due to hydrophobic
characteristics. LDL contain 84-89% lipids and 11-
17% proteins. Lipids of LDL are composed of
approximately 69% triglycerides, 26% phospholipids
and 5% cholesterol (Moussa et 2002).

Why LDL are demanded to replace whole
egg yolk in semen extenders?

The first aim of sperm-freezing protocols,
including the use of extenders, is to prevent lethal
intracellular ice crystal formation and to reduce
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membrane damage during and after
cryopreservation. Egg yolk helps the sperm cells in
resisting against cold shock, in association with other
components (Phillips 1939, Bogart and Mayer 1950).
But egg yolk contains substances (granules) that
prevent the metabolic exchanges of the spermatozoa
or reduce their motility. It would therefore be
advantageous to replace this complex solution with
its component molecules that are responsible for its
cryoprotective effect. Many studies have attempted
to determine which components of egg yolk are
responsible for cellular protection with the objective
of preparing a chemically defined freezing extender
(Ali Al Ahmad et al 2008). Moreover, egg yolk was
usually used at the concentration of 20% (w/v) and
laboratory studies revealed that this concentration
makes results difficult to standardize and interferes
with biochemical assays and metabolic investigations,
which can be overcome by removing some
components in the egg yolk by centrifugation
(Evenson and Melamed 1983, Wall and Foote 1999).
Furthermore, the presence of substances in yolk that
inhibit respiration of spermatozoa or reduce their
motility, increases demands to replace whole egg
yolk by the cryoprotective fraction (Pace and
Graham 1974, Haidl and Schilling 1994). Effectively,
in addition to elements (LDL) that are highly
favourable to freezing, yolk contains other noxious
substances (Kampshmidt et al 1953, Pace and
Graham 1974, Watson and Martin 1975).

Extraction of LDL from egg yolk

For purification of egg yolk LDL has been
generally used via density gradient
ultracentrifugation. (Kampschmidt et al 1953, Pace
and Graham 1974, Watson and Martin 1975). The
method used to extract LDL was developed by
Moussa et al (2002), LDL purity of 97% was
achieved. Fresh eggs are manually broken. The yolks
are separated from an albumen. The yolks are diluted
with an isotonic saline solution (0.17 M NaCl) (w/w)
and stirred for 1 h before being centrifuged at 10 000
x g for 45 min at +4 °C. The supernatant (plasma) is
separated from the sediment (granules). The plasma
is centrifuged again to remove all traces of
contamination with granules; then it is mixed with
40% ammonium sulfate to precipitate out the
livetins. After 1 h of stirring at 4-8 °C, the mixture is
centrifuged at 10 000 x g for 45 min. The sediment is
discarded and the supernatant is dialyzed against
distilled water to eliminate the ammonium sulfate.
Then the solution is centrifuged (10 000 x g, 45 min,
4-8 °C) and LDL-rich supernatant is collected
(Moussa et al 2002). This extraction technique is
currently protected under the patent no. 0100292
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held by the ENVN and INRA of Nantes (Moussa et
al 2002, Bencharif et al 2012).

The Mechanism of LDL in semen protection

LDL are composed lipids and proteins. The
interactions of lipid and protein are disrupted under
freezing, but interactions between proteins are
increased. Consequently, LDL are disrupted under
the freezing and thawing. Triglycerides and
phospholipids are liberated in the medium and
apoproteins form a gel. Furthermore, phospholipids
could form a protective film at the surface of
spermatozoa membranes after disruption of LDL
(Hu et al 2006). Moussa et al (2002) and Hu et al
(2006) demonstrated that LDL were responsible for
the gelation process in freezing—thawing. The first
gelation was occur the disruption of LDL structure
and this disruption favored the spermatozoa
dehydration caused by the freezing—thawing process.
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Figure 1. Mechanism of sperm protection by egg yolk.
Modified from Manjunath et al (2002)

Sekil 1. Yumurta sarisi ile spermazotoon korunma
mekanizmasi. Manjunath ve ark (2002)’dan uyarlanmistir

LDL would promote the entry of phospholipids
and cholesterol into the cell membrane (Bergeron et
al 2004), building a complex with seminal plasma
proteins, making them unavailable to function in the
membrane (Manjunath et al 2002, Bergeron et al
2004) (Figure 1). However, the respective roles of
the protein and lipid components of LDL during
interactions with the spermatozoa membrane have
yet to be clearly established (Bencharif et al 2008).
The major proteins of bull seminal plasma (BSP)
bind to sperm surface at ejaculation and stimulate
cholesterol and phospholipid efflux from the sperm
membrane. Since LDL interacts specifically with
BSP proteins, it is proposed that the discriminate of
BSP proteins in seminal plasma by LDL represents
the major mechanism of sperm protection by egg
yolk. LDL is one of the constituent of egg yolk that
prevents binding of the BSP proteins to sperm and
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lipid efflux from the sperm membrane and is
beneficial to sperm functions during sperm
cryopreservation (Bergeron et al 2004).

Observations

There have been many attempts to find out
which component in egg yolk provides cell
protection with the aim to prepare chemically
defined extender. Pace and Graham have purified
egg yolk using ultracentrifugation and observed that
LDL had a cryoprotective action. Many
investigations  confirmed that LDL have a
cryoprotective action in the egg yolk (Foulkes 1977,
Moussa et al 2002). In recent years, numerous
studies have confirmed that LDL extracted from egg
yolk is successfully used for cryopreservation of
semen from boars, bulls and dogs (Moussa et al
2002, Hu et al 2000, Jiang et al 2007, Bencharif et al
2008, Varela et al 2009, Bencharif et al 2010, Hu et al
2010, Hu et al 2011) (Table 1).

CONCLUSION

Egg yolk has become a common component of
extenders for cryopreservation of human and
different animals semen for 60 years. It had been
shown that egg yolk could help in resisting against
cold shock and improving sperm fertility ability.
Moreover, the protective action of yolk was largely
attributed to LDL (Bogart and Mayer 1950, Watson
and Martin 1975, Quinn and Chow 1980, Babiak et
al 1999, Wall and Foote 1999, Manjunath et al 2002,
Moussa et al 2002, Bergeron et al 2004, Bergeron
and Manjunath 2006). In recent years, there have
been increasing demands to replace whole egg yolk
in semen extenders because of the presence of
substances in yolk that inhibit respiration of
spermatozoa or diminish their motility. LDL is one
of the constituent of egg yolk that prevents binding
of the BSP proteins to sperm sperm membrane.
Therefore, LDL is beneficial to sperm functions
during sperm cryopreservation (Bergeron et al 2004).
The replacement of egg yolk by LDL in the
composition of extenders was beneficial for semen
cryopreservation (Demianowicz and Strezek 1996,
Moussa et al 2002, Hu et al 2011). The extenders
based on 6-10% LDL gave higher proportions of
motile sperm, acrosome-intact sperm, plasma
membrane-intact sperm and anti-oxidant enzymes
activities following the freezing—thawing and thus
improved frozen semen quality in comparison with
the standard medium based (Tris-citric acid-
glucose/fructose) on egg yolk (Hu et al 2011).
However, the increase of LLDL concentration in the



Akal E, Kogyigit A, Seleuk M

Role of Low Density Lipoproteins in Semen Preservation

extender above 10% leads to a decrease in
spermatozoa performance after freeze-thaw and the
similar results were also reported by Moussa et al
(2002). More researches are needed to evaluate and
understand the respective roles of lipids and

apoproteins from LDL and to isolate the
antagonistic agent contained in egg yolk.

Table 1. Current observations about using LDL to replace whole egg yolk
Tablo 1. Yumurta sarisinin timiintn yerine LDL kullanimi hakkinda yapilan giincel aragtirmalar

Name/Year Species  Replacment Used LDL average Results
% (w/v)
Moussa et al. Bull 20 % 2.5 -20% Higher  percentage and  better
2002 Egg Yolk Optimum: 8% movement characteristic were
achieved.
Huetal. 2010  Bull 20 % 7-10% LDL showed beneficial
Egg Yolk Optimum: 8% cryoprotective  effects on frozen—
thawed bull spermatozoa.
Hu et al. 2011 Bull 20 % 7-9% 8% LDL gave the highest results than
Egg Yolk Optimum: 8% the egg yolk media in terms of semen
quality parameters and anti-oxidant
enzymes activities.
Hu et al. 2006  Boar 20 % 6-10% Significantly ~ enhanced  muotility,
Egg Yolk Optimum: 9% acrosome and plasma membrane
integrity of boar sperm after freezing
and thawing.
Jiang et al. Boar 20 % 6-10% LDL showed better protection in the
2007 Egg Yolk Optimum: 9% straw of 0.25 ml than 0.5 ml.
Bencharif et Dog 20 % 4-10% 6% LDL medium provides improved
al. 2008 Egg Yolk Optimum: 6% protection of the spermatozoa during
the freeze—thaw process and a marked
improvement in  the  motility
parameters of canine spermatozoa.
Varela et al. Dog 20 % 6,8, 10% The replacement of egg yolk by LDL
2009 Egg Yolk Optimum: 8% in the composition of extenders was
beneficial for sperm motility and
membrane integrity of cooled and
frozen dog sperm.
Bencharif et Dog 20 % 6% The 6% LDL extender gave superior
al. 2010 Egg Yolk results to the Tris egg yolk extender.
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