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Abstract

The objectives of this study were to determine the effects of sire, extender, and addition of Low 
Density Lipoprotein (LDL) to extenders used on the percentage rate of spermatozoa survival after 
cold shock. Two groups of extenders were compared: without LDL addition (control variants) 
and LDL enriched (experimental variants). Three extenders were used: AndroMed®, Bioxcell®, 
and Triladyl®. Experimental variants included 4–8% LDL addition into the AndroMed® and 
Bioxcell® extenders, and 6–10% LDL addition into the Triladyl® extender. In total, 12 samples 
of fresh semen were collected from 4 bulls during a period of 8 weeks. Bovine spermatozoa cold 
shock resistance (1 ± 1 °C, 10 min) was evaluated by the percentage rate of live sperm using 
eosin-nigrosine staining immediately and after heat incubation (37 ± 1 °C, 120 min). The results 
showed the effect of sire as important and individual differences between selected sires in their 
sperm resistance against cold shock were confirmed. AndroMed® and Bioxcell® were found to 
be providing better protection of bull semen to cold shock compared to Triladyl® due to lower 
decline of live sperm proportion. Our results detected a positive effect of LDL addition on sperm 
resistance against cold shock, especially on lower decrease of live sperm percentage rate after 
120 min of the heat test (P < 0.05). Further studies are needed to assess the optimal concentration 
of LDL in various kinds of extenders as well to state ideal time and temperature conditions for 
ensuring LDL reaction with sperm.

Reproduction, bull sperm, extender, LDL cholesterol, sperm survival, cold shock, eosin-nigrosine 
staining

Fertility of dairy cows has declined over the past five decades as milk production per cow 
has increased (Walsh et al. 2011). Cattle fertility has been intensively studied in recent 
years with regard to females (Hanuš et al. 2010; Beran et al. 2013a). However, cows’ 
reproduction results are affected by the male component as well.  

Sperm quality is influenced by many internal and external factors, e.g. breed, variation 
between individuals, age of sire (Thara and Nair 2007; Beran et al. 2012; Härtlová et 
al. 2013), environmental conditions (Balić et al. 2012), and frequency of collecting the 
ejaculate (Karoui et al. 2011). Collection of the ejaculate and its subsequent processing 
present further potential risk factors for declined sperm quality. The steps of producing 
insemination doses (diluting the sperm, filling the straws, cooling and freezing) have a 
significant effect on sperm motility after thawing (Siddique et al. 2006). Especially, the 
properties of extender used (Crespilho et al. 2012; Cao et al. 2013; Špaleková et al. 
2014) and freezing methods are important (Watson 2000; Medeiros et al. 2002).

In general practice, different types of semen extenders are used. They can be divided 
according to the type of cryoprotective substance into skimmed-milk extenders, extenders 
based on plant phospholipids, and extenders containing egg yolk (Vishwanath and 
Shannon 2000). Pace and Graham (1974) found that the important component of egg 
yolk responsible for its cryoprotective properties is low density lipoprotein (LDL) and they 
concluded that LDL can protect bull sperm as efficiently as fresh egg yolk. Furthermore, 
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replacement of egg yolk only by its active LDL fraction can prevent microbial risks, as 
the results of the study Bousseau et al. (1998) showed that commercially produced egg 
yolk extenders could be bacterial contaminated. The mechanism of the LDL protective 
action has not yet been completely explained. However, the positive effects of LDL 
were reported by Bergeron and Manjunath (2006). They identified that the family of 
phospholipid-binding proteins (BSP proteins) present in seminal plasma are detrimental 
to sperm preservation since they interact with LDL. This interaction prevents lipid efflux 
from sperm and positively influences sperm storage in liquid or frozen states, but the 
optimal time and temperature conditions of the abovementioned interaction have not been 
sufficiently explored yet. It is assumed that extenders containing LDL, which is extracted 
from egg yolk, might have more positive effects on spermatozoa membranes during the 
freezing than commercially used diluters (Moussa et al. 2002). 

Biological tests of the ejaculate have been developed to assess the resistance 
and fertilization ability of sperm using LDL addition into diluters, e.g. short-term heat test 
of sperm survival (Maurya and Tuli 2003) or hypo-osmotic swelling tests (Přinosilová 
et al. 2014). However, resistance of sperm against cold shock has not been evaluated as 
well in relation to the addition of LDL. Moreover, the results of a previous study (Beran et 
al. 2013b) have shown different results in relation to the concentration of LDL. 

Thus, the aim of this study was to determine the effects of sire, extender, and addition 
of LDL to extenders used on the percentage rate of spermatozoa survival after cold shock.

Materials and Methods
LDL extraction

Low density lipoprotein (LDL) was prepared in accordance with the methodology of Moussa et al. (2002). 
Hen eggs were obtained from Biopharm Inc. (Pohoří - Chotouň, Czech Republic), and production of the LDL 
fraction was ensured by the company Hena Inc. (Prague, Czech Republic). Firstly, egg yolk had to be separated 
from albumen manually, by rolling on filter paper in order to remove the endosperm and chalaza. Then the vitellin 
membrane was cut with a scalpel, and egg yolks were collected in a tube kept refrigerated by ice at 4 °C. In this 
way egg yolk plasma obtained was diluted by 0.17 M NaCl solution and then stirred for 60 min. Afterwards, 
centrifugation at 10,000 × g for 45 min at 10 °C was performed and after supernatant removal, the procedure was 
repeated. The main purpose of this centrifugation was to achieve the separation of egg yolk granules from plasma. 
The obtained egg yolk plasma was stored at 4 °C. Then, 20.5 g of ammonium sulphate was added to 100 ml of 
plasma for removal of livetines, and this was stirred for 1 h at pH 8.7 and temperature 4 °C. Precipitated livetines 
were subsequently separated by centrifugation at 10,000 × g for 45 min. The supernatant was then dialyzed 
further 10 h for the purpose of ammonium sulphate elimination and selective coagulation of LDL. At the end of 
this dialysis the mixture was centrifuged at 10,000 × g for 45 min, and the resulting sediment (pellets) represented 
LDL with a purity of 97%, which had to be stored at 4 °C.

 
Extender preparation

Two groups of extenders were compared in this experiment: without LDL addition (control variants) and 
LDL enriched (experimental variants). Three commercially available extenders were used: AndroMed® extender 
containing plant phospholipids (MiniTüb GmbH, Tiefenbach, Germany), Bioxcell® non-egg yolk extender 
(IMV, L’ Aigle, France), and Triladyl® containing 20% of egg yolk (MiniTüb GmbH, Tiefenbach, Germany). 
Experimental variants included 4–8% LDL addition to the AndroMed® and Bioxcell® extenders, and 6–10% 
LDL addition into the the Triladyl® extender. The higher proportion of LDL addition in Triladyl® replaced the 
egg yolk which is normally its essential component. All the extenders were prepared on the day of sampling from 
one batch number according to the instructions of the producers and stored in a cooling box (5–10 °C) before 
ejaculate dilution.    

Semen collecting, dilution and processing
Semen was collected from 4 bulls of same age, breed and frequency of collecting, bred in one sire insemination 

center (Natural Ltd., Hradištko pod Medníkem, Czech Republic) approved for public use in a standard way. 
Because climatic conditions during the observation period were similar, we did not include the effect of climatic 
conditions in the statistical model. 

In total of 12 sampling days, ejaculate samples were obtained using an artificial vagina. Volume of fresh semen 
(VOL), density of sperm (DEN), and percentage rate of progressive motile spermatozoa above head (ACT) were 
evaluated by only one trained technician of the sire insemination centre. The mean volume of collected semen 
was 9.78 g. The mean sperm density was 1.28 × 106 mm-3. Proportion of progressive motile spermatozoa above 

126



head detected immediately after collection was 87.50%. The mean percentage rate of live sperm was 74.12% in 
the beginning and 54.37% after 120 min of heat incubation.    

Samples of fresh semen were divided into 12 portions (1 control - Andromed®, Bioxcell® as well as Triladyl®; 
3 experimental variants per extender - Andromed® and Bioxcell® with 4%, 6%, and 8% LDL as well as Triladyl® 

with 6%, 8%, and 10% LDL), and pipetted using a sterile pipette to a sterile chilled (5–10 °C) tubes. Each portion 
was immediately diluted to a concentration of approximately 30 × 106/ml. The required amount of extenders was 
applied using sterile pipettes directly to the tubes with samples.

Evaluation of resistance against cold shock 
Tube contents were then divided into two portions. The first portion was used for cold shock test: three glass 

capillaries (0.1 ml) closed at one end with plasticine were successively filled from each tube with diluted sample 
of semen at 7 ± 1°C, and subsequently stored in a cool bath (No Ice, Bibby Scientific, Ltd., Staffordshire, UK) for 
10 min (1 ± 1 °C). After the end of cold incubation the content of capillaries was gently mixed on preheated hour 
glass (37 ± 1 °C) with 20 µl of eosin by circular motion for 30 s and then nigrosine was added at the amount of 
40 µl. A volume of 20 µl of the resulting suspension was added onto a preheated glass slide and smear was done. 

The second portion of diluted semen was stored in a water bath at 37 ± 1 °C for 120 min. After that time the 
cold shock test was repeated by the above mentioned methodology. A total of 576 smears were thus collected (12 
collecting days, 4 bulls, 3 extenders used, and 4 samples per extender).

Dried smears were examined under a phase contrast microscope (Eclipse E200, Nikon®, Tokyo, Japan) at 
× 1 000 magnification and with oil immersion by only one evaluator. A minimum of 100 spermatozoa were 
classified as either dead (with red heads) or live (with white heads) and expressed as the percentage rate of live 
sperm at the beginning of the test (LS0) and after 120 min of heat incubation (LS120).

Statistical analysis   
The data were evaluated with the statistical software SAS® (Version 9.3; SAS Inst., Inc., Cary, NC, USA) using 

MIXED procedure. The following equation was used:
Yijkl = µ + SIREi + EXTj + LDLk + b1*(VOL) + b2*(DEN) + b3*(ACT) + eijkl,
where:  

Yijkl = observed value of the dependent variable (percentage rate of live sperm at the beginning of the test and 
after 120 min heat incubation, difference between these two measurements),

SIREi = fixed effect of the ith sire (i = 1, n = 144; 2, n = 144; 3, n = 144; 4, n = 144); 
EXTj = fixed effect of the jth extender (j = 1 - AndroMed®, n = 192; 2 - Bioxcell®, n = 192; 3 - Triladyl®,  

n = 192); 
LDLk= fixed effect of the kth presence of LDL (k = NO, n = 144; YES, n = 432);
b1*(VOL) = regression on initial volume of fresh ejaculate;
b2*(DEN) = regression on initial density of sperm in fresh ejaculate;
b3*(ACT) = regression on initial activity of sperm in fresh ejaculate;
eijkl = residual effects.
The differences between the variables estimated were tested at the levels of significance P < 0.05, P < 0.01, 

and P < 0.001.
 

Results

Model repeatability ranged from r2 = 0.406 to r2 = 0.852 during the evaluation of observed 
traits when the significance of the whole model was P < 0.001 in all evaluations as well 
as the effect of volume, density and activity regression. The effect of sire was significant 
(P < 0.01) in relation to all the evaluated traits. The effect of extender was significant  
(P < 0.001) in relation to the percentage rate of live sperm after 120 min of heat incubation 
and difference between the percentage rate of live sperm at the beginning and 120 min of 
the test. The effect of LDL presence in the tested samples was significant (P < 0.05) to the 
percentage rate of live sperm at the beginning of the test and the difference between the 
percentage rate of live sperm at the beginning and after 120 min of the test. 

The results from MIXED procedure for the fixed effect of sire are given in Table 1. 
Significant differences (P < 0.05) in sperm survivability after cold shock were detected 
between sires regardless of the extender used or presence of LDL. The highest percentage 
rate of live sperm at the beginning of the test (LS0) was achieved by sire no. 2 (78.39 ± 
1.086%), while the highest survivability after 120 min of the test (LS120) was achieved 
by sire no. 1 (64.19 ± 1.799%), including the lowest difference between LS0 and LS120 
(11.01 ± 1.742%). Significantly (P < 0.01) the lowest values of sperm survivability 
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Table 1. Effect of sire on sperm survivability after cold shock.

Sire LS0 LS120 LS0 – LS120

1 74.96 ± 1.195A 64.19 ± 1.799A 11.01 ± 1.742A

2 78.39 ± 1.086A 56.13 ± 1.619B 22.32 ± 1.568a,B

3 75.27 ± 1.624A 61.99 ± 2.407A,B 13.05 ± 2.331b,A,B

4 54.23 ± 3.437B 14.76 ± 5.149C 38.86 ± 4.986b,B,C

LS0 = percentage of live sperm at the beginning of the test; LS120 = percentage of live sperm after 120 min of 
the test; LS0 – LS120 = difference between percentage of live sperm at time 0 and 120 min of the test; different 
superscripts mean a significant difference within a column – a, b = P < 0.05; A, B, C = P < 0.01

Table 2. Effect of extender on sperm survivability after cold shock.

Extender LS0 LS120 LS0 – LS120

AndroMed® 71.22 ± 1.027 54.44 ± 1.515A 16.78 ± 1.468A

Bioxcell® 71.46 ± 1.027 50.17± 1.516B 21.07± 1.469B

Triladyl® 69.46 ± 1.027 43.19 ± 1.529C 26.09 ± 1.481C

LS0 = percentage of live sperm at the beginning of the test; LS120 = percentage of live sperm after 120 min of 
the test; LS0 – LS120 = difference between percentage of live sperm at time 0 and 120 min of the test; different 
superscripts mean a significant difference within a column – A, B, C = P < 0.01

Fig. 1. Effect of LDL addition on sperm survivability after cold shock

LS0 = percentage of live sperm at the beginning of the test; LS120 = percentage of live sperm after 120 min of 
the test; LS0 – LS120 = difference between percentage of live sperm at time 0 and 120 min of the test; different 
superscripts mean a significant difference between columns – A, B = P < 0.05
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during whole test was achieved by sire no. 4 (L0 = 54.23 ± 3.437, respectively LS120 
= 14.76 ± 5.149%). This sire had also significantly (P < 0.05–0.01) the highest sperm 
survivability decline during the test (38.86 ± 4.986%). 

Focusing on the influence of the extender used regardless of the presence of LDL and sire 
effect (Table 2), we can assume that AndroMed® and Bioxcell® showed non-significantly 
(P > 0.05) the highest percentage rate of live sperm at the beginning of the test (LS0 
= 71.22 ± 1.027%, resp. 71.46 ± 1.027%). On the other hand, significantly the lowest 
percentage rates of live sperm were found in Triladyl® at the beginning (LS0 = 69.46 ± 
1.027%; P > 0.05) and after 120 min of the test compared to Bioxcell® (-6.98%; P < 0.01) 
and AndroMed® (-11.25%; P < 0.01). Triladyl® also achieved significantly (P < 0.01) the 
highest decline of the percentage rate of live sperm during the entire test (26.09 ± 1.481%) 
differing by 5–16% from the other diluents.    

Results of LDL addition influence on sperm survivability without specification of the 
extender type are also presented in Fig. 1. Significantly (P < 0.05) higher percentage rate of 
live sperm at the beginning of the test had samples without LDL (LS0 = +1.69%) compared 
to samples containing LDL. On the other hand, opposite results were detected after  
120 min of the test, when higher percentage rate of live sperm (LS120 = +0.68%; P > 
0.05) was achieved by the samples containing LDL. These samples also had significantly  
(P < 0.05) lower difference between time 0 and 120 min of the test (20.10%). These 
findings indicate that a protective effect of LDL occurred after 120 min incubation in water 
bath (37 ± 1 °C) only.

Discussion

Our results presented in Table 1 confirmed sires’ individuality as an important effect; 
many significant individual differences were detected between sires. Our findings are in 
accordance with Thara and Nair  (2007), who found that semen from different sires had 
different fertilization ability in vitro.

Cold shock test belongs to the main evaluation methods of sperm quality (Benson et 
al. 1967). We focused on evaluation of ejaculate viability and fertility using this test as 
well. Our results showed that better results of the cold shock test were achieved using 
AndroMed® and Bioxcell®. This is in accordance with Stradaioli et al. (2007) who 
state AndroMed® and Bioxcell® as the most suitable extenders for cryopreservation of 
bull semen. However, the general course of reproduction results in cows points out the 
necessity of continuous improving of extenders. For this reason, the addition of selected 
cryoprotectant was evaluated and tested.

The positive effect of LDL found in our study has been shown also in several other studies, 
e.g. by Hu et al. (2010), and Vera-Munoz et al. (2011). The authors concluded that LDL 
binds to the cell membrane protecting it from a ‘cold shock’. This reaction requires time, 
and therefore the protective effect of LDL was shown after 120 min, and not immediately 
after dilution. This finding brings the need to test this reaction in shorter intervals or, on the 
other hand, during a longer equilibration time, however, under lower temperature. Another 
advantage of the LDL extender compared to standard egg yolk extender lies in clearly 
defined and stable chemical composition (Amirat et al. 2004). Manjunath et al. (2002) 
and Bergeron et al. (2004) stated that LDL has the ability to form very stable complexes 
with major BSP proteins. This interaction increases the sperm robustness against cold 
shock. Our results confirmed the mentioned statement.

Based on our monitoring we can assume that the effect of sire is important and individual 
differences between selected sires in their sperm resistance against cold shock were 
confirmed. AndroMed® and Bioxcell® have been found to be more suitable extenders for 
cryopreservation of bull semen compared to Triladyl® due to the lower decline of live 
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sperm proportion during the cold shock test. Our results found a positive effect of LDL 
addition on sperm resistance against cold shock, especially a lower decline of the live 
sperm percentage rate during 120 min of the test (P < 0.05). Further studies evaluating 
the LDL effect during and/or after equilibration period are needed. More research is also 
needed to assess the optimal concentration of LDL in various kinds of extenders and to 
determine the ideal time and temperature conditions for ensuring LDL reaction with sperm.  
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