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Development and commercialization of the reproductive technologies offer the
possibility to improve the genetics, to preserve the rare species and breeds, to
manage the efficient breeding processes, and to solve a range of complicated
problems in animal husbandry at accelerated pace. In case of using the reproductive
technologies, the biological objects are affected by the negative factors changing their
quality. The sex-sorted spermatozoa are widely used in the animal husbandry to
produce the offspring of a desired sex. During the segregation of the sperm carriers X
and Y chromosomes, the sperm is affected by the unfavorable factors, such as
staining, high-degree dilutions, effects of laser radiation, pressure, electromagnetic
fields, and centrifuging. The research into the effects of these factors can allow us to
develop the methods for protecting the spermatozoa from the negative impacts of
the abiotic factors and preserving their fertility.

The aim of the survey is to assess the effects of the laser radiation and the 
fluorescent dyes used for cytometry-based sperm sex sorting on the semen quality. 

The bull sire (n=15) sperm collection into the artificial vagina was carried out

according to the standard procedure. The ejaculate was diluted with the OptiXcell
synthetic extender and separated into three fractions: control fraction I, fraction
II, which was combined with Hoechst 33342/PI and exposed to a scattered laser
radiation, and fraction III, which were exposed to a focused laser radiation. The
sample radiation test was performed with a device representing the emitter specially
designed for that experiment (Fig. 1).

Fig. 1. Laser construction 

The parameters for the sperm radiation correspond to the parameters of the device 
used for sorting the spermatozoa. Irradiating under the flow regime, the light energy 
dose per unit sample volume was calculated by the formula: 

Where V is the flow rate of liquid through the capillary (mm3/s); D – light spot 
diameter (mm); d – capillary diameter (mm); P – power density of emitter light energy 
in the light spot (MW/mm2);  - 3,14; C – coefficient of dimension (mm-3); W – total 
amount of light energy per elementary volume of the irradiated sample (MJ/mm2). 
The sperm quality was studied with the computer-assisted semen analysis (CASA) 
system. The Hoechst 33342/PI, a type of a fluorescence dye was used. A statistical 
analysis with the use of the Microsoft Excel 2010 tool was performed.
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1 - Power supply unit

2 –Tripod with gear unit

3 –Pump area cover

4 –Beam-splitting plate

5 –Cartridge filter

6 –Capillary flow cell 

7 –Flask clamp

8 –Test mirror

9 –Condenser lens

10 – Diaphragm

11 –Lamp

12 – Focus lens (quartz)

The percentage of the progressive-motile sperm in the fresh ejaculate (PR) comprised
85.72.85%, while the abnormal filament percentage was 2.10±0.02%. The samples were
exposed to the scattered and focused laser radiation with and without the Hoechst
33342/PI fluorescence dye addition (Table 1).

Table 1. Variance of data after scattered laser radiation

**P 0.01 ***P 0.001   
PR (progressive motility) Progressively motile sperm. 
NP (non-progressive motility) – Non-progressive motile sperm.
IM (immobility) ––Immotile sperm.

The radiation-induced changes in all the analyzed parameters were recorded. In
addition, the changes in the parameters for the sperm activity and the abnormal filament
morphology were expressed most significantly. The number of spermatozoa with abnormal
filaments in the samples supplemented with fluorochrome after the scattered laser
radiation increased to five times as much. In case of the focused radiation, the cell passage
through the laser beam is 3.5 times less; in addition, the light energy density per unit
irradiated area increases three times as much. The percentage of the progressive-motile
sperm (PR) in the experimental samples decreased from 85% to 62% and 59% in groups II
and III, respectively (Fig. 2). The proportion of the sperm with the abnormal filaments in the
samples processed with the focused beam device increased more than 7 times as much; it
comprised 50.3(р < 0,001).

Items Control II III

PR,% 85,73±2,85 80,51±1,36 76,70±1,73**

NP, % 10,61±0,92 12,81±0,82 18,25±0,92

IM,% 3,66±0,25 6,69±0,64 5,02±0,71

Abnormal morphology, % 6,81±0,83 8,64±0,47 16,25±0,65

Abnormal filaments,% 2,10±0,02 4,52±0,85 10,7±0,97***
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Fig.2. Sperm activity depending on technology treatment method.

Therefore, it can be concluded that the use of the laser facilities and the Hoechst 
33342/PI dye causes the increase in the proportion of the abnormal sperm and the 
decrease in the percentage of the progressive-motile sperm.


