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a b s t r a c t

There are few studies performed for investigating the roles of different ratio and cryoprotectants with
dithiothreitol or sucrose on sperm motility characteristics and antioxidant capacities of post-thawed bull
spermatozoa. The objectives of this study were to compare glycerol (G) and ethylene glycol (EG) at
different concentrations as cryoprotectants and dithiothreitol (D) or sucrose (S) (with/without) as
antioxidants in Tris extender for cryopreservation of bull semen. Twenty-four ejaculates obtained from
three bulls were included in the study. Each ejaculate was split into four equal aliquots and diluted using
both of the Tris extenders with glycerol (5% or 7%) or ethylene glycol (3% or 5%). After that, each extenders
were split into three equal aliquots and diluted using both of the dithiothreitol 5 mM or sucrose 25 mM,
and control (without additives) was cooled to 4 �C and frozen in 0.25-ml French straws. when compared
to control, different doses cryoprotectants and antioxidants addition no significantly increased the
percentages of post-thaw sperm progressive and motitilities, acrosome abnormality and plasma
membrane integrity (P > 0.05). However, EG3 + S yielded the greatest percentages of the total abnormality
(P < 0.05). As regard to antioxidant activities G7 and EG5 led to lowest MDA activity with or without D or S
but, these results were not supported to the GPx activity (P < 0.01). The sperm motion characteristics such
as VAP, VCL, ALH and BCF gave significantly different results (P < 0.05). When compared the DNA integrity,
different doses cryoprotectants without antioxidants addition significantly increased the percentages of
the tail intensity and tail moment (P < 0.05). There were no significant differences observed in non-return
rates among all treatment groups (P > 0.05).

� 2014 Elsevier Inc. All rights reserved.

Introduction

The success of cryopreservation depends on the specific suscep-
tibility of sperm cells at low temperatures. Changes in sperm cell
and it’s function associated to cold shock have often been reported
[5,29]. Cryopreservation processes lead to the generation of reactive
oxygen species (ROS) that impair sperm motility, membrane

integrity, and fertilizing ability [7,18,20]. Although bovine semen
has natural defense system against the ROS attack, it is insufficient
under cryopreservation due to stress [28]. Sperm plasma and acro-
somal membranes are especially important with regard to survival
following thawing and it is considered that there are changes on the
primary organelles caused by the cryopreservation process. These
changes are due to oxidative and osmotic stresses [19,43]. The level
and type of cryoprotectants influence the sperm cells during freez-
ing in semen extender [17]. In recent years, many cryoprotective
agents have been used as a cryoprotectant in bull [37] and goat
[40]. Glycerol (G) can cause chemical and osmotic deleterious
effects on sperm cells and changes in the structure of the plasma
membrane, these effects and changes can result in a lower fertility
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rate when AI is used, which demonstrates the need for alternative
cryoprotectants [6]. Besides, improvement of semen extenders with
suitable antioxidant is suggested to reduce oxidative damage during
freeze–thawing of bull spermatozoa [1]. Dithiothreitol (D) is known
as an antioxidant and it decreases protamine disulfide bond [42]. It
prevents the oxidation of sulfhydryl groups, also it has a mucolytic
effect on mucoprotein disulfide bonds, which may probably damage
the frozen membranes [29]. It is stated that D provides a protective
effect against apoptosis and oxidative damage [15]. The addition of
D seems to improve bull and human sperm motility during liquid
storage or in the frozen state [14]. Sugars are known to maintain
the osmotic pressure of extenders by inducing cell dehydration
and less ice crystal formation into the sperm cells [30]. They also
interact with phospholipid membranes at low hydration and thus
cause stabilization of the membranes. Furthermore, sugars are uti-
lized by spermatozoa as an energy source during glycolysis and
mitochondrial oxidative phosphorylation to support sperm motility
[27]. Addition of sugars in extenders, such as sucrose, tends to pro-
tect the sperm cells. This sugar, as non-permeating cryoprotectant,
is not able to diffuse across the plasma membrane, but creates an
osmotic pressure that induces cell dehydration before freezing.
Thus it decreases the extent of cell injury by intracellular ice forma-
tion [21].

There are few studies performed for investigating the roles of
different ratio and cryoprotectants with D or S on sperm motility
characteristics and antioxidant capacities of post-thawed bull
spermatozoa. Thus, the aim of this study is to determine the effects
of G or EG (with or without D or S) on post-thaw sperm parameters
(motility, acrosome and total abnormalities, plasma membrane
integrity), antioxidant activities (MDA and GPx) and DNA integrity
as well as conception rate.

Material and methods

Animals, semen collection and semen processing

Three Holstein bulls (3–4 years of age) were housed at the
Lalahan Livestock Central Research Institute (Ankara, Turkey),
and maintained under uniform feeding and housing conditions. A
total number of 24 ejaculates (8 ejaculates for each Holstein bull)
were collected from the bulls with the aid of an artificial vagina
twice a week, according to AI standard procedures. The volume
of ejaculates was measured in a conical tube graduated at 0.1 ml
intervals and sperm concentration was determined by means of
an Accucell photometer (IMV, L’Aigle, France). Sperm motility
was estimated using phase-contrast microscopy (200�). The ejac-
ulates containing spermatozoa with >80% forward progressive
motility and concentrations higher than 1.0 � 109 spermatozoa/
ml were used in the study. Immediately after collection, the ejacu-
lates were immersed in a warm water bath at 35 �C until their
assessment in the laboratory. A Tris-based extender (T)
(189.5 mM of Tris, 63.2 mM of citric acid, 55.5 mM of fructose,
20% v/v egg yolk, and 1000 ml of distilled water at a pH of 6.8)
was used as the base for the experimental extenders. Each ejacu-
late was split into four equal aliquots and diluted using both of
the T extenders with G (5% or 7%) or EG (3% or 5%). After that, each
extenders were split into three equal aliquots and diluted using
both of 25 mM sucrose (S) or 5 mM dithiothreitol (D), and control
(without additives) to a final concentration of approximately
60 � 106 spermatozoa per ml (15 � 106 sperm in each 0.25 ml
straw). Diluted semen samples cooled down to 4 �C in 4 h. After
that, frozen at a programmed rate of �3 �C/min from +4 to
�10 �C; �40 �C/min from �10 to �100 �C; and �20 �C/min from
�100 to �140 �C in a digital freezing machine (Digitcool 5300 ZB
250, IMV, France). Thereafter, the straws were plunged into liquid

nitrogen. After at least 24 h, the frozen straws were thawed in a
37 �C water bath for 20 s immediately before use.

Post-thaw semen evaluation

Analysis of microscopic sperm parameters
A computer–assisted sperm motility analysis (CASA; IVOS ver-

sion 12; Hamilton-Thorne Biosciences, Beverly MA, USA) was also
used to analyze sperm motion characteristics. CASA was pre-
adjusted for bovine sperm analysis. Thawed semen was diluted
(5 ll semen + 95 ll extender) in a Tris based extender (without
egg yolk and cryoprotectant) and evaluated immediately after dilu-
tion. A 4-ll sample of diluted semen was put onto a prewarmed
chamber slide (20 mm; Leja 4; Leja Products Luzernestraat B.V.,
Holland), and sperm motility characteristics were determined with
a �10 objective at 37 �C. The following spermatological character-
istics were recorded; CASA motility (%), progressive motility (%),
VAP (average path velocity, lm/s), VSL (straight linear velocity,
lm/s), VCL (curvilinear velocity, lm/s), ALH (amplitude of lateral
head displacement, lm), LIN (linearity index; LIN = [VSL/
VCL] � 100), BCF (beat cross frequency, Hz), STR (Straightness,
VSL/VAP). For each evaluation, 10 microscopic fields were analyzed
to include at least 300 cells.

For the assessment of sperm abnormalities, at least three drops
of each sample were added to Eppendorf tubes containing 1 ml
Hancock solution [62.5 ml formalin (37%), 150 ml sodium saline
solution, 150 ml buffer solution, and 500 ml double-distilled
water] [35]. One drop of this mixture was put on a slide and cov-
ered with a coverslip. The percentages of total sperm abnormalities
(acrosome and other abnormalities) were determined by counting
a total of 200 spermatozoa under phase-contrast microscopy
(�1000, oil immersion, Olympus BX43, Tokyo, Japan).

The hypo-osmotic swelling test (HOS test) was used to assess
the functional integrity of the spermatozoal membranes. The
HOS test was performed by incubating 30 ll of semen with
300 ll of a 100 mOsm hypo-osmotic solution at 37 �C for 60 min.
After incubation, 0.2 ml of the mixture was spreading on a warm
slide with a cover slip and then was examined using a phase-con-
trast microscope (�400, Olympus BX43, Tokyo, Japan) [31]. The
number of swollen spermatozoa out of 200 was counted; swelling
is characterized by a coiled tail, indicating that the plasma mem-
brane is intact.

For the assessment of sperm DNA damage was investigated
using the single cell gel electrophoresis (comet) assay by the
method of previously described by Tuncer et al. [40]. Analysis of
comet was performed at high alkaline conditions. After analysis,
the images of 100 randomly chosen nuclei were analyzed using a
fluorescent microscope (�400, Zeiss, Germany). Nucleotide DNA
extends under electrophoresis to form ‘‘comet tails,’’ and the rela-
tive intensity of DNA in the tail images DNA break frequency. The
percentage of the total DNA in the comet tail was taken as a mea-
sure of DNA break frequency. Tail DNA (%) was assessed in 100 cells
by using Comet Assay III image analysis system (Perceptive Instru-
ments, UK). Analysis was performed blindly by one slide reader.

Biochemical assays of post-thaw semen
Malondialdehyde (MDA) concentrations. Lipid peroxidation was
estimated by the measuring of MDA in sperm samples by the
method of previously described by Eken et al. [16]. After the reac-
tion of MDA with thiobarbituric acid reactive substances (TBARS),
the reaction product was followed spectrophotometrically at
532 nm, using tetramethoxypropane as a standard. The results
were expressed as nmol/ml.

GPx activity. GPx activity was measured as previously described by
Tüzün et al. [41]. Briefly, a reaction mixture containing 1 mmol/l
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