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Abstract 

Ejaculates were collected twice a week from the bulls, via an artificial vagina, during two weeks. The suitable ejaculates 

obtained for sperm density (≥ 1.4 × 109 spermatozoa / ml) and for motility (≥ 75%) were used for dilution and freezing of 

semen. 

A Tris-based extender (Tris 297.58mM, citric acid 96.32mM, fructose 82.66mM, egg yolk 15% (v/v), glycerol 5% (v/v), 

gentamicin 0.1 ml / 100ml, pH 6.8-7.0) was used as the base extender (cryopreservation diluent). Pooled ejaculate was 

split into 2 equal aliquots and diluted at 32 °C with base extender containing ferulic acid (100 μM) and no antioxidant 

(control), respectively. Each aliquot was diluted to a final semen concentration of approximately 1.2×108 sperm/ml 

(single step dilution), in 15-ml polypropylene centrifuge tubes. After dilution, semen samples were kept at room 

temperature for 10 minutes then, the diluted semen samples were aspirated into 0.25 ml French straws, sealed with 

polyvinyl alcohol powder and equilibrated at 5 °C for 3 h. After equilibration, the straws were frozen in liquid nitrogen 

vapour (4 cm above the liquid nitrogen, ~-100oC) for 10 min and then plunged into liquid nitrogen for storage, -196oC. In 

the study, sperm samples containing antioxidant and non-antioxidant were evaluated for spermatozoa motility and 

membrane integrity after freezing / thawing. In the present study, no statistically significant difference was found 

between the control and experimental groups for motility and membrane integrity after freeze-thawing. The application 

consisted of 4 replications. 
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Introductıon 

The easy lipid peroxidation of frozen / thawed 
spermatozoa and the fact that the membranes contain a 
large amount of lipids led to the investigation of effective 
antioxidant systems against peroxidative damage and 
sperm dysfunction [1,2]. 

 
In addition, low fertility rates obtained from frozen-

thawed bull semen led the researchers to work on this 
subject and led to the finding the different diluent 
formulations and the addition of various hormones, 
vitamins, sugars, and antioxidants to the diluent [3,4]. 

 
Various cryoprotective agents incorporated in the 

diluent adversely affect the fertility of the frozen-thawed 
semen. Therefore, it is suggested that reducing the ratio of 
cryoprotectants with contraceptive properties such as 
glycerol depends on the antioxidants to be included in the 
diluent [5,6]. The antioxidant, antiatherogenic, 
neuroprotective and radioprotective effects of ferulic acid, 
also known as coniferic acid, have been reported [7,8]. 
 

Materials and Methods 

Semen samples from three bulls (two years of age) 
were used in this study. The bulls were maintained under 
uniform optimal nutritional conditions. Ejaculates were 
collected twice a week from the bulls, via an artificial 
vagina, during two weeks. The suitable ejaculates 
obtained for sperm density (≥ 1.4 × 109 spermatozoa / 
ml) and for motility (≥ 75%) were used for dilution and 
freezing of semen. 

 
A Tris-based extender (Tris 297.58mM, citric acid 

96.32mM, fructose 82.66mM, egg yolk 15% (v/v), glycerol 
5% (v/v), gentamicin 0.1 ml / 100ml, pH 6.8-7.0) was 
used as the base extender (cryopreservation diluent). 
Pooled ejaculate was split into 2 equal aliquots and 
diluted at 32 °C with base extender containing ferulic acid 
(100 μM) and no antioxidant (control), respectively. Each 
aliquot was diluted to a final semen concentration of 
approximately 1.2×108 sperm/ml (single step dilution), in 
15-ml polypropylene centrifuge tubes. After dilution, 
semen samples were kept at room temperature for 10 
minutes then, the diluted semen samples were aspirated 
into 0.25 ml French straws, sealed with polyvinyl alcohol 
powder and equilibrated at 5°C for 3 h. After 
equilibration, the straws were frozen in liquid nitrogen 
vapour (4 cm above the liquid nitrogen) for 10 min and 
then plunged into liquid nitrogen for storage. The 
application consisted of 4 replications. 

In the study, sperm samples containing antioxidant 
and non-antioxidant were evaluated for spermatozoa 
motility and membrane integrity after freezing / thawing. 

 
Subjective motility was assessed using a phase-

contrast microscope (magnification × 100), with a warm 
stage maintained at 37°C. A wet mount was made using a 
5μl drop of semen placed directly on a microscope slide 
and covered by a cover slip. Sperm motility estimations 
were performed in three different microscopic fields for 
each semen sample. The mean of the three successive 
estimations was recorded as the final motility score. 

 
Assessment of the integrity of sperm plasma 

membrane was performed by staining with the Sperm 
Viability Kit (SYBR-14/PI Molecular Probe: L 7011 
Invitrogen). This staining protocol was modified from 
Garner and Johnson [9]. A working solution of SYBR-14 
was diluted 1:10 with DMSO (Appli-chem A3006), then 
divided into equal aliquots (30μl) after filtering through a 
0.22 μm Millipore Millex GV filter, and stored at –20 °C. 
Propidium iodide (PI) was dissolved in distilled water at 2 
mg/ml, divided into equal aliquots (30 μl) after filtering 
through a 0.22 μm Millipore Millex GV filter, and stored at 
–20 °C. The thawed straw was diluted 1:3 with Tris stock 
solution without glycerol and egg yolk, and then 30 μl of 
diluted semen was mixed with 6 μl of SYBR- 14 and 2.5 μl 
of PI. The sample was gently mixed, incubated at 37 °C in 
the dark for 20 min, and then 10 μl of Hancock solution 
was added to stop sperm movement. A wet mount was 
made using a 2.5 μl drop of sample placed directly on a 
microscope slide and covered by a cover slip. At least 200 
spermatozoa were examined at 400 × magnification 
under a fluorescence microscope (Leica DM 3000 
Microsystems GmbH, Ernst-Leitz-Strase, Wetzlar, 
Germany; excitation at 450–490 nm, emission at 520 nm) 
to assess the sperm membrane integrity. Sperm 
displaying green–red or red colourisation were 
considered as having damaged membranes, while green 
colourisation was considered as indicating an intact 
membrane. 
 

Statistical Analysis  

The results were analyzed by independent t test (SPSS, 
version 20) and the possible statistical status was 
determined. 
 

Results 

The statistical table of spermatological parameters 
after freezing-thawing in the control and experimental 
groups is presented below. 
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 Motility (%) Membran Integrity (%) 
Control 50±6,1 62±2 

Ferulic acid 
(100 μM ) 

48,75±7,2 58,25±3,5 

Table 1: Spermatological parameters after freezing-
thawing (x ± SEM). 
 

When table 1 is examined, no statistical significance 
was found after freeze-thawing in terms of motility and 
membrane integrity values. 
 

 

 

Figure 1: SYBR-14 / PI image of ferulic acid 100 μM 
group. 

 
 

Discussion 

Freezing of the sperm causes cold shock during the 
freezing process, damage due to phase change in 
membrane structures and oxidative stress. Developing 
oxidative stress and cytotoxic aldehydes 
(malondialdehyde etc.) cause damage to spermatozoon 
functions [10]. For this reason, cold shock damage in the 
environment can be minimized by adding some 
cryoprotective and antioxidative additives to semen 
diluents. The fact that antioxidant compounds also have 
cryoprotectant properties provides better results from 
semen frozen with these substances [11,12]. 

 
In this research project, the effects of ferulic acid 

added to 100 μM diluent in terms of motility and 
membrane integrity as spermatological parameters after 
freezing- thawing process were investigated. 
Spermatozoon progression in the female genital canal 
depends on the whip movements of the tail and 
movement frequency [13]. Another factor regulating 
motility is cAMP. Increased concentration of cAMP 
increases protein kinase activation and as a result of this, 

axonem protein phosphorolized and it leads to increasing 
of spermatozoon motility and hyperactivity [14]. 

 
When the present study was evaluated separately for 

motility and membrane integrity after freeze-thawing, no 
statistically significant difference was found between the 
control and experimental groups. 

 
Antioxidant, antiatherogenic, neuroprotective and 

radioprotective effects of ferulic acid have been reported 
[7,8]. There are also studies showing the protective 
efficacy of ferulic acid on testes [15,16]. However, the 
results obtained with ferulic acid (100 μM) after freezing-
thawing with a mean of 48.75 ± 7.2 (%) motility - 
considering that the lower limit of 40% motility for 
valuable stud-can be evaluated positively in terms of 
reproduction [13]. 

 
On the other hand, after freeze-thawing process, 

ferulic acid (100 μM) with an average of 58.25 ± 3.5 (%) 
membrane integrity values corresponds to the membrane 
integrity values obtained after freeze-thawing with 
different antioxidants [17]. 
 

Conclusion 

The findings obtained in spermatological parameters 
after freezing-thawing vary depending on the techniques 
used in dilution and freezing of semen, changes in 
solution time and temperature or depending on the 
person performing the analysis. In addition to all these, 
factors such as species, race, season and individual have 
important effects on spermatozoon motility and 
membrane integrity. 
In vitro examination parameters should be supported 
with in vitro / in vivo fertility parameters. 
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