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Abstract

One of the most important reasons why artificial insemination does not spread as much
in cattle as sheep is that ram sperm is highly fragile against cryodamage and consequently the op-
timum fertility results can not be obtained from cervical inseminations compared to laparoscopic
insemination. To establish an ideal ram sperm freezing model, many studies have been carried out
for more than 60 years and various methods have been tested by making great efforts. One of the
topics where these tests have been done intensively in recent years are additives used in freezing
extenders in order to increase the tolerance of sperm against oxidative stress in frozen-thawed ram
semen. In this review, covering the studies carried out between the years 2000-2016, we have
mostly compiled the additives used in ram semen freezing media which have given better results
compared to others supplements. It is understood that, usually, seminal plasma and proteins, thiol
compounds, enzymatic antioxidants, sugars, fatty acids and vitamins have been studied as additive
agents in recent years. As a result, this review suggests us that further studies are needed to explore
the novel techniques and new additives, and their combinations should be tested in different doses
in order to install an ideal cryopreservation template for ram semen. Furthermore, even though
addition of various compounds to freezing media have improved freezability of ram semen in ex-
perimental conditions, anyway these results must be confirmed in field studies. Therefore, the val-
ue of sperm which potential fertility is predicted from laboratory survey must be compared with
conception or lambing rates.
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While the basic techniques related to sperm freezing have done positive
effects and important advances mostly on dairy cattle husbandry, any remarkable
success has not been provided in sheep. Substantially, these matter is caused
mainly by from two reasons following as: i] intolerance of ram sperm against
cryopreservation, ii] the physiological and anatomic factors in sperm transport. It
is well known subject for a long time that freezing and thawing of ram sperm
have caused significant membran and genetic damage [1]. As cervical insemina-
tion has given poor fertility results compared to laparascopic inseminations, arti-
ficial insemination with frozen semen has not become widespread in sheep hus-
bandry [2]. On the other hand, the expenses of ram semen freezing are almost
20 times more than those of bull semen freezing cost [3]. B Recently, investiga-
tors have focused mostly on especially composition, determination of in vivo
properties and effects of different cryoprotectants, antioxidants and specific sup-
plements in sperm freezing [4].

We understood from literature documented here, no comprehensive re-
view of the researches on frozen ram sperm has been found from that date into
the past 16 years. During 2000s, the attentions of researchers have mostly concen-
trated on additives for improving membrane repair and increasing progressive mo-
tility in ram semen cryopreservation. It seems that while base extenders used in
ram semen freezing has not been much changed, many various supplements has
been tested from the beginning of 2000’s to now.



However, in this review, only additives that often have improving effects
on frozen-thawed ram semen are mentioned. The additives studied between 2000-
2016 years are reviewed here and considerations has presented below.

Seminal plasma and its protein components (SPPs). The
role of seminal plasma in reproductive technologies such as sperm freezing and
sex determination is already proven and it is also agreed that seminal plasma ad-
dition to ram semen freezing medium had a improving effects on post-thaw
motlitity and morphological damage [5, 6]. Furthermore, although seminal
plasma proteins show protective effect in freezing and thawing processes of ram
semen, interestingly the same effect has not been in bull semen [7].

When seminal plasma proteins are used alone or combined with other
compounds such as oleic/linoleic acids and vitamin E etc., the protective effect
is not only observed in fresh sperm but also after freezing and thawing, so that
SPPs provide regular regenerative SOD distribution by using combined with ole-
ic / linoleic acids and vitamin E [6]. However, still, more investigations are nec-
essary to solving of biological complicacies, and then identify and synthesize fa-
vorable proteins within seminal plasma [8].

Antioxidants. As sperm membrane contains higher of unsaturated fat-
ty acids than those of somatic cells, it is inclinable to oxidative stress, thus
plasma and mitochondrial membrane is highly susceptible against cold shock.
Moreover, sperm has not is any restoration mechanism in prevent cell injuries
caused by ROS. The antioxidants which are mainly present in seminal plasma
in semen have limited protective effect [9, 10]. Moreover, antioxidants are used
not only for protecting of membrane integrity of sperm cell, but also, the mem-
brane damage of embryo and oocytes by depressing of lipid peroxidation and
ROS production [11].

Thiol compounds. It has been known that thiol compounds have an
scavenger effect for elimination of cytoxins and ROS which give cellular defects
caused by ROS [12]. In recent years, thiol compunds such as l-erhothioneine
[LE],Cystein and N-aceytyl cysteine have been frequently studied. It has been
observed that thiol compounds have given the improving effect of ram semen
freezability [13-18].

Cystein. Cystein is also one of thiol compunds which protects against
oxidative stress damage of ram sperm cell during cryopreservation processes.
The addition of cysteine to ram semen freezing medium has provided high mo-
tility rates and catalase level [14].

N-acetyl cystein [NAC]. NAC which is a precursor of intracellular
GSH biosynthesis, has been rarely studied by researchers in ram semen freezing
[17, 18].

Enzymatic antioxidants. Enzymatic antioxidants protect cells pre-
vent from cellular membrane damage with neutralizing ROS produced by cellu-
lar components. Enzymatic antioxidants contain superoxide dismutase [SOD],
catalase, glutathione peroxidase [GPx], and glutathione reductase [GR] [19].

Some researchers have claimed that the supplementations of catalase
[20], SH-glutathione [GSH], SOD [21, 22], Gpx and Tempo or Tempol |[as
SOD mimics] [23] have improved in semen quality in frozen-thawed samples.

Non-enzymatic antioxidants and sugars (trehalose and su-
crose). Synthetic antioxidants or food supplements such as vitamins, and miner-
als, BSA [bovine serum albumin, trehalose, vitamin C, vitamin E, zinc,cysteine,
taurine, hypotaurine, and lutathione etc. has been accepted as non-enzymatic
antioxidants [19 According to the results of some studies, BSA, cysteine, lyco-
pene [24], trehalose, taurine, cysteamine, hyaluronan [24] and combination of
sucrose and trehalose combination [25] in freezing diluents have given satisfacto-



ry percentages of motility, viability and acrosomal membrane integrity.

Lecithin. Despite mechanism of action of lecithin on sperm plasma sta-
bilization during freezing and thawing is not clearly know, it has been reported
that lecithin and other lipidic supplements protect and stabilize the sperm mem-
brane by substation of phospholipids, thereby increasing resistance to freezing.
Some studies demonstrate that use, alone or combined with some compounds,
of 1.5 % soya bean lecithin has given better spermatological values motility, via-
bility and intact membrane compared to hyaluronic acid (HA) [26] and egg yolk
[27] additions, and also could be alternative a cryoprotectant aid instead of egg
yolk [28]. Although egg yolk has been found as superior to lecithin in a study
[29], when compared to in another study, it has been reported that lecithin
could be used instead of egg yolk. In Bakhtiari rams, spermatological results ob-
tained from the diluents which included 1 % lecithin, 20 % egg yolk and 7 %
glycerol were superior in the freezing process and it was concluded that lecithin
could be used instead of egg yolk [30].

Fatty acids (FA). Long-chain polyunsaturated fatty acids (LCP-UFA) of
the n-3 series provide suitable stabilization by maintaining of liquidity and elas-
ticity of cell membran, thus, supplementation of (polyunsaturated fatty acids)
(PUFA) increase the sperm cell number, motility and sperm fertilizing potential
by strengthening against lipid peroxidation in mamals [31)].

Fatty acids, such as oleic acid, linoelic acids, n-3 (w-3) FA have been
used by investigators in order to support the sperm against oxidative stress dam-
age and obtain an optimum cryosurvival in frozen-thawed semen. It has been al-
leged that the combination of oleic/linoleic acids with vitamin E and SPPs (6),
some other agents, e.g. fatty acid amide hydrolase (FAAH) [32], and ®-3 FA
provided protection in frozen-thawed ram sperm.

Vitamins. Currently, it has been understood that the vitamin E [31, 33],
vitamin C [34-38] and vitamin B, [39, 40] additions to semen freezing diluents
have enhanced the spermatological properties by eliminating of ROS damage to
sperm cells.

Hormones. It has reported that there is a relationship between hormones
and sperm damage [41, 42]. From articles scanned here, no study was not seen
which has been searched the directly addition of hormones to ram semen freez-
ing extenders except for one study which established the effect of melatonin
hormone. In this study, 1 mM melatonin additions were found to be quite suc-
cessful in terms of total and progressive motility, intracellular ATP concentra-
tions and DNA integrity, especially in viability rates. In addition, in vitro em-
bryonic development was highest in the group with 1 mM melatonin [43].

Other substances. Some alternative substances have been tested, as alone
or combined by, with/without various glycerol concentrations in extenders for
improving freezability of ram semen [33, 44, 45].

One of surfactant detergents, Equex, is known that stabilizes the cell
membrane, protects from cellular toxication and membrane damage after freezing
and thawing semen. With respect to results of a research the addition of 0.75 %
Equex STM® yielded better spermatological percentages (motility, viability,
membrane integrity) and DNA fragmentation compared to control samples.
Moreover, in two trials comparing methyl formamide (MF) and ethylene glycol
(EG) with glycerol (G) it has been observed that glycerol gave more cryosurvival
quality [44] than MF and EG additions [33], however, the nearest results to glyc-
erol (5 %) were provided in the sample concentrated with EG 3 % (Table). On
the other hand, the addition of 3 % glycerol ve 1.5 mg CLC/120% 10° spermatozoa
combination to freezing diluent was more amendatory compared to other groups,
despite glycerol decreased the viability [45].



Various additives used for cryopreservation of ram semen and reported frozen—
thawed spermatological quality

Research Base extender | Additives | Quantity IM O|tlht}2/ 3 |Pe‘r‘cer|1ta5ge| 3

Aisen et al., 2002 TCFY10+G3 Trehalose 100 mM 65 50

Baran et al., 2004 TCGz SP 7.5 % 30 56 AA 56

Uysal et al., 2007  TCFY10 GSSG 5 mM 60 78 3AA 65 10
TCFY10 BSA 20 mg/ml 51 78 4AA 55 12
TCFY10 Cystein 10 mM 59 73.5 3AA 41 192
TCFY10 Likopen 800 pg 57.2 70.5 7AA 49 163

Bucak et al., 2007 TCFY10 Taurine 25 mM 63.0 73.0 6AA 44,0 237

Bucak et al., 2008 TCFY10+G5 Cystein 5 mM 61.0 27 10 AA 48 30

Marti et al., 2008 SMY+G7+Galacto +SPP+ol- 4 mg+25 mM 48.8 36.3 27,0
se 112 MM lin+vit E +2mM

Anghel et al., 2009 TCGzY20+G5 Cystein 5 mM 60 60 60 12
TCGzY20+G5 Cystein 10 mM 72 70 68 17

Uysal et al., 2009 TCGzY15+G5 Trehalose 100 mM 72.0 74.5 66,1 28.7

Forouzanfar et al., TCFY20+G7 Lechitin 1% 51.9 48.1

2010

Maia et al., 2010 TGzY Catalase 50 pg 69-75 27-30

Silva et al., 2011 TCFY20+G5 SOD 100 U/ml 584 94 33.5
TCFY20+G5 GSH 2 mM 49.45 9.19 32

Succu et al., 2011 TCFY20+G4 Melatonin 1 mM 459 31 68.7

Silva et al., 2012 TCFY20 Glycerol 5% 49,2 33.3
TCFY20 EG 3% 41,7 39.8

Silva et al., 2012 TCFY20+G5 Vit E 120 pM 80 14 55 45

Ari et al., 2012 SMEGsY10+G5 LE 10 mM 23 27.1 30 37.1

Towhidi et al., 2013 Andromed Vit E+w-3- 0.1 mM+ 37 33 35 3

FA 1 ng/mL

Das Gragas et al., TCGsY20 MF 3% 38 77 N

2013 TCGsY20 Glycerol 53% 50 84 N

Motamedi-Mojdehi TCFY20+G3 CLC 1.5 mg 45 32

et al., 2014

Santiani et al., 2014 SMFY5+G7 Tempo 1 mM 52 41

Sterbenc et al., 2014 TCFY20+G14 Equex 0.75 % 78 26 88 60

Najafi et al., 2014 TCFY20+G7 SL 1.5% 53 56 45

Emamverdi et al., TY20 SL 1.5% 56 26 39 51

2014

Mata et al., 2015 TES-TCF+G4 SL 35% 52 28 AA

Talebiyan et al., 2015 TCGsY25+G7 FAAH 0.025 TU/ml 66 27 Fast

Yildiz et al., 2015  SMEGsY10G5 LE 10 mM 26 27 49 AA 29 32

Panyaboriban et al., TCFY15G5+ Trehalose+ 30 mM 79 84 82

2015 +0,5 % Equex +Sucrose

Nalley et al., 2016 TCF Y-Omega 3 20 % 60

Camara et al., 2016 TY10G6 Catalase

Ar et al., 2016. TY20G7 GPx 51U/ml 40 23 36 37 50 72

Note. 1 u2 — total motility and progressive motility, %, 3 — viability, 4 — acrosome membrane integrity, 5 — hypo
osmotic test, 6 — total anomaly. T — Tris, C — citric acid, F — fructose, Gs — glucose, Y — egg yolk, G —
glycerol, SM — skim milk, GSSG — oxidized glutathione: BSA — bovine serum albumin, SP — seminal plasma,
SPP + ol-lin — seminal plasma proteins + oleic/linoleic acid, SOD — superoxide dismutase, GSH — glutathione,
EG — ethylene glycol, MF — methyl formamide, LE — L-ergothioneine, ®-3-FA — -3 fatty acids, CLC —
cholesterol-loaded cyclodextrin, SL — soybean lecithin, FAAH — fatty acid amide hydrolase, NAC — N-acetyl
cystetin, AA — acrosomal anomaly, N — normal. Underlined numbers show addition rates of glycerol and egg
yolk to base extender.

The influence of different additives on frozen-thawed sperm parameters
is presented in the table. It is seen that in most of studies Tris-based exdender
with egg yolk and glycerol has been used. Considering the table, it is noticed
that while some of studies’ results are very high, some of them are very poor. It
should be not ignored that these differences may depend on the specific proper-
ties and doses of additives and kind of base extender used [46] as well as freezing
method [47], type of cryoprotectant [33], glycerolisation method, glycerol ratio
[48], ram individuality and season [49, 50].

Thus, in this review, we only endeavored to divulge additives that pro-
vide a good improvement in post-thaw ram semen quality because ram sperma-
tozoa is susceptible against freezing process. In today’s conditions, we believe
that thorough technological advances in semen freezing techniques and analyz-
ing systems such as assessment of kinematic parameters, determination of genet-



ic, mitochondrial and membrane defects in sperm, the effects of additives or var-
ious supplementations on ram semen freezability will be better explored. On the
other hand, as each antioxidant and supplement have different influences on
post-thaw semen properties, the choice of extender additives mustn’t be done
randomly. Before installation of experimental design, more detailed preliminary
research on the many aspects of supplement agent must be done because of the
preventing detrimental effects of ram semen freezing procedure and antioxidant
mechanism of additive compounds is highly complicated. Cryopreservation of
ram semen is a subtle matter and needed to study deeply and multifactorial ex-
periment designs in future. Although many investigators have made valuable ef-
forts and obtained good laboratory results in ram semen freezing a cryopreserva-
tion method giving satisfactory fertility rates with cervical insemination has not
been established yet. As a result, further studies must be carried out to explore
the unknown aspects of various supplements and tested with combination of
different compounds and in different doses in order to install an ideal cryopres-
ervation template in ram semen. Furthermore, even though addition of various
antioxidants, hormones and the some other substances to freezing mediums have
improved freezability of ram semen in experimental conditions, these results
must be confirmed in field studies. Thereby, the sperm potential fertility predict-
ed from laboratory survey must be compared with conception or lambing rates.
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