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Abstract

For gamete quality evaluation, there are innovative, rapid, and quantitative techniques that can provide useful data for aquaculture.
Computerized systems for sperm analysis were developed to measure several parameters and one of the most commonly measured is the
sperm motility.

Initially, this computer technology was designed for mammalian species, although it can also be used for fish sperm analysis. Fish have
specific features that can affect sperm assessment such as a short motility time after activation and, in some cases, adaptation to lower
temperatures. Thus, it is necessary to modify both software and hardware components to make motility analysis more efficient for fish sperm
analysis. For mammalian sperm, the heating plate is used to maintain optimal temperatures of spermatozoa. However, for some fish species,
it is advantageous to use a lower temperature to prolong the duration of motility, since the sperm remain active for less than 2 min. Therefore,
cooling devices are necessary to refrigerate samples at constant temperature over the time of analysis, including on the optical microscope. This
protocol describes the analysis of fish sperm motility using software for sperm analysis and new cooling devices to optimize the results.

Video Link

The video component of this article can be found at https://www.jove.com/video/56823/

Introduction

The efficacy of reproduction depends on the quality of both gametes (eggs and sperm)1,2. This is the major factor that contributes to successful
fertilization, allowing the development of viable offspring3,4. The convenient evaluation of gamete quality is the best tool for defining the fertility
potential of a specimen.

Mixing sperm from multiple males is a common practice in the production of many aquatic commercial species4. However, the sperm variability
between males can lead to sperm competition and, consequently, not all the males are equally contributing to the gene pool5. In this sense, the
correct evaluation of individual ejaculate/spermatozoa features, such as motility, is fundamental to obtain discriminatory information regarding
individual male fertility potential. Direct observation of sperm motility can produce inaccurate and subjective data as it requires time and
experience, which leads to a lack of consistency and incompatibility of results6,7. However, there are many innovative, rapid and quantitative
techniques that can provide a reliable sperm quality analysis2,4.

Computer-assisted sperm analysis was developed to offer accurate data about sperm quality8. This technology includes the development
of software associated with a phase contrast microscope that allows the assessment of sperm motility. However, a limiting factor of motility
parameter is the frame rate of the video camera. Individual spermatozoa trajectories are based on spermatozoa head centroid position in
consecutive frames of video recordings, which is correlated with the flagellar movement patterns3,9,10,11. The main kinetic parameters measured
are the straight-line velocity (VSL), curvilinear velocity (VCL) and average path velocity (VAP). VSL is the distance between the start and end-
point taken by the spermatozoa divided by time. VCL is the real velocity along the precise trajectory taken by the spermatozoa. VAP is the
velocity along a derived smoothed path of trajectory. These parameters allow additional kinetic information, including linearity (LIN), straightness
(STR), wobble (WOB) and beating measurements like amplitude of lateral head movement (ALH) and beat-cross frequency (BCF)4,10.

The sperm analysis system was originally used for mammalian species, and one of the requirements for the system is to operate at the body
temperature of the donor (about 37 °C). This software could also be used for fish species; although, it is necessary to make some adaptations
to reduce the error of sperm analysis results. In some fish species, such as salmonids and eel8,12, fertilization occurs at low temperature (around
4 °C)2,4. Thus, cooling devices should be developed to avoid uncomfortable working conditions. In addition, fish spermatozoa are immotile in
seminal fluid and require an osmotic shock to activate motility. For freshwater species, the activator medium should have hypotonic osmolality,
while for marine species the medium should be hypertonic. However, for some species, as salmonids, the ion concentration could also be
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important3,4,9. After activation, fish sperm is characterized by a rapid decrease of motility (less than 2 min)13,14 and high velocity, being vital to
determine the optimal frame rate to obtain reliable data15.

The objectives of this study are to design and apply refrigeration systems for fish sperm samples. In addition, this protocol defines how to
determine the optimal frame rates for the establishment of standard protocols depending on the species. The use of this protocol opens new
doors in the context of fish seminal evaluation, using the European eel as a model.

Protocol

Procedures involving animal subjects have been approved (2015/VSC/PEA/00064) by the General Direction of Agricultural Production and
Livestock at the Universitat Politècnica de València.

1. Collect Sperm from Mature European Eels in Captivity

NOTE: Use European eel males maintained in tanks with seawater and a recirculation system at constant temperature (20 °C). Treat with
hormones through weekly intraperitoneal injection (human chorionic gonadotropin (hCG); 1.5 IU per g of fish body weight). Acclimatize fish
gradually starting with 3 days in freshwater followed by replacement with seawater (1/3 of the total water in the tank) every 2 days until reaching
a salinity of 37.0 g/mL.

1. Anesthetize the eel 24 h after hormone injection to obtain samples with better sperm quality.
1. Prepare the anaesthesia beforehand: add 300 mg of benzocaine to 100 mL of 70% ethanol. Mix well and store at 4 °C.
2. Dilute benzocaine in a flexible bucket with 5 L of system water to get a final concentration of 60 mg/L and mix properly.
3. Transfer the fish to the bucket with system water and benzocaine. Wait a few minutes until the fish calm down.

2. Clear the genital area with water and dry with absorbent paper to avoid contamination of sperm samples by faeces, urine or seawater.
3. Apply gentle pressure in the abdominal area and collect the sperm samples into 15 mL plastic tubes using the vacuum pump. Sperm volume

up to 6-7 mL, depending on the male.
4. Keep sperm samples at 4 °C for at least 1 h until motility analysis is carried out.

2. Refrigerate and Dilute the Sperm Samples

1. Prepare the diluter solution beforehand.
 

NOTE: The sperm samples should be diluted in the extender solution specific for each species.
1. Prepare the non-activator medium for eel sperm samples (P1 medium). Add 0.42 g of sodium bicarbonate, 1.828 g of sodium chloride,

0.127 g of magnesium chloride, 0.56 g of potassium chloride and 0.037 g of calcium chloride to 250 mL of distilled water. Mix well to
dissolve. Store at 4 °C.

2. Set the cooler block at 4 °C to maintain samples at a constant temperature. Wait until the temperature stabilizes.
3. Dilute the sperm samples using the diluter solution specific for each species.

 

NOTE: The dilution ratio is species specific and must be defined to standardize the protocol. First, estimate sperm concentration based on
the concentration obtained in the pre-analysis of motility using software, as explained in steps 3 and 4. With this analysis, it is also possible to
select the best sperm samples based on the percentage of motility. After this, the researcher can start to collect data for the experiment using
the best samples with the correct concentration.

1. Dilute eel sperm samples in the P1 medium with a ratio of 1:50. To prepare 500 µL of eel diluted sperm, add 50 µL of the fresh sperm
sample and 450 µL of P1. Mix well.

3. Evaluate the Sperm Motility Parameters

1. Set-up the Motility Module of the Software
1. Set the cooler stage at 4 °C and wait until it stabilizes.
2. Open the software and select Motility Module. Create username and password if necessary.
3. Select Properties and choose the desired parameters before starting the sperm analysis.

1. Click on Species | Fish.
2. Select the Frames Per Second and Number of Images, depending on the best technical conditions for each species. Set both

options at 120 images per second.
3. Choose negative contrast. It is mandatory for accurate reconstruction of the spermatozoa trajectories16.
4. Select the corresponding Counting Chamber and Scale of the video camera. Calibrate the video camera for the magnification

lens used in the experiment. Set SpermTrack10 as counting chamber and 10X scale.
 

NOTE: In general, a depth of 10 µm in the counting chamber and a magnification lens of 10X are the recommended conditions
since they provide better focusing of all spermatozoa and capture the highest number of cells. However, it is recommended to
make a previous study of the optimal conditions for motility analysis of each species.

5. Adjust the Particle Area and Connectivity for each species. Set minimum particle area at 2 µm2 and connectivity at 7 µm.
 

NOTE: For fish, the minimum value of particles area ranges between 2-5 µm, and connectivity depends on the spermatozoa
velocity and the frame rate.

6. Save the set-up.
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4. Select Capture.

2. Analyze European Eel Sperm with Software
1. Prepare the activator solution (artificial seawater) by adding 0.946 g of commercial salt to 25 mL of distilled water with 2% BSA.
2. Take 500 mL of activator solution (artificial seawater) and place in the cooler block.

 

NOTE: In general, fish sperm is activated by an osmotic shock event, although for some species the ion concentration could also be
important. For freshwater species, the activator medium should have hypotonic osmolality, while for marine species the medium should
be hypertonic.

3. Put the counting chamber under the cooling stage and wait until the temperature stabilizes to 4 °C.
4. Mix the activator and diluted sperm to activate spermatozoa and start the motility video recording between 5-10 s after activation.

1. Take 4 µL of activator solution and place in the counting chamber.
2. Gently homogenize the diluted sperm by shaking the microcentrifuge 3 times to avoid damage in spermatozoa cells.
3. Take 0.5 µL of diluted sperm, mix with the activator, and put the cover in the counting chamber quickly.

 

NOTE: This step should not take more than 5 s to start the analysis as soon as possible.
4. Focus on the spermatozoa cells and find the best visual area, which is defined by a low number of spermatozoa (150 to 200

cells) to avoid interception between cells (Supplemental Figure 1A). Select Capture Video to obtain the spermatozoa tracks,
which are separated according to speed.

5. Select Capture to obtain 3 to 7 fields, which are the optimal interval to obtain a lower variability in the results, and proceed as
before. Record videos until 120 s post-activation in order to avoid condensation on the cover of the counting chamber.

6. Select Exit to have a general view of all the fields.

4. Obtain Motility Data

1. Select Fields | Partial | Save and choose a file name. Click Save.
 

NOTE: The spreadsheet provides mean values of partial data, charts and images of spermatozoa tracks.
2. Select General Data | File Name | Save.

 

NOTE: The data provide kinetic values for individual spermatozoa of all fields.

Representative Results

Analysis of the time effect on sperm motility

In the case of the European eel, the percentage of static spermatozoa increased from 15 s to 120 s after activation (from 24.4% to 40.7%), and
the percentage of mobile progressive spermatozoa decreased (from 36.9% to 20.9%) (Figure 1A and 1B). Based on speed, spermatozoa cells
showed a decrease in velocity over time (Figure 1C and 1D) decreased. The percentage of spermatozoa with rapid velocity decreased about
23% (from 49.4% to 26.6%) and the percentage of spermatozoa with medium velocity increased around 7%.

The effect of the frame rate and counting chamber

Different species require different frame rates for optimal results. Russian sturgeon requires 150 frames per second (fps; Figure 2A); common
carp requires 100 fps (Figure 2B); and for the grayling, 200 fps was not enough to obtain optimal kinetic results (Figure 2C). These results were
not dependent on the depth of the counting chamber tested (Figure 2A-2C).

Sperm subpopulations structure

The identification of sperm subpopulation is based on statistical analysis. The first step is the determination of principal components (principal
component analysis; PCA) from the complete set of motility data. Then, the clustering procedures are performed with the sperm-derived indices
obtained after the PCA.

For this study, we used Atlantic salmon sperm which showed four different subpopulations, named: slow nonlinear (low LIN, STR and VCL), fast
nonlinear (lower STR, high VCL), fast linear (high LIN, STR and VCL) and fastest linear (highest LIN, STR, and VCL). The distribution of these
subpopulations varied along generations from wild animals to farmed ones (Figure 3).
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Figure 1: Effect of time post-activation on the progressivity and motility of European eel sperm. A and B) Percentage of progressivity
at 15 and 120 s, respectively; and C and D) the percentage of motility based on speed over time (15 and 120 s post-activation,
respectively). The progressivity was divided in three groups: progressive motile cells (white; VCL mean value ± SD: 114.5 ± 18.2 and 101.4 ±
34.5 µm/s for 15 and 120 s, respectively), no progressive motile cells (grey; VCL mean value ± SD: 84.8 ± 17.4 µm/s for 15 s and 84.6 ± 16.5
µm/s for 120 s), and static spermatozoa (black). The spermatozoa velocity was divided into 4 groups: rapid (VCL mean value ± SD: 119.3 ± 13.7
µm/s for 15 s and 118.9 ± 13.3 µm/s for 120 s; white), medium (VCL mean value ± SD: 79.7 ± 15.5 µm/s for 15 s and 79.6 ± 15.5 µm/s for 120 s;
light grey), slow (VCL mean value ± SD: 32.9 ± 6.5 µm/s for 15 s and 32.6 ± 6.6 µm/s for 120 s; dark grey) and static (black). Please click here to
view a larger version of this figure.

 

Figure 2: The effect of the frame rate and the counting chamber in three freshwater fish species: (A) Russian sturgeon (B) Common carp
and (C) Grayling. Sperm analysis was made at 50, 100, 150 and 200 fps, using two commercial counting chambers with different depths (10 and
20 µm). The black circle represents the best frame rate for each species. Please click here to view a larger version of this figure.
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Figure 3: Sperm subpopulations structure of three generations of Atlantic salmon: wild males (F0), and the first two generations
produced in captivity (F1 and F2). After cluster analysis, four subpopulations were observed: slow nonlinear spermatozoa (low LIN, STR and
VCL; cluster 1; black), fast nonlinear spermatozoa (lower STR, high VCL; cluster 2; dark grey), fast linear spermatozoa (high LIN, STR and VCL;
cluster 3; intermediate grey) and fastest linear spermatozoa (highest LIN, STR, and VCL; cluster 4; light grey). Please click here to view a larger
version of this figure.

 

Supplemental Figure 1. Different visual areas from the motility analysis of European eel sperm defined as (A) best and (B) worst cell
concentration. Please click here to view a larger version of this figure.

Discussion

The sperm analysis software used in this protocol has been used by researchers worldwide for different species, including fish. However, fish
have some specific features that can affect the sperm assessment. Fish spermatozoa showed high speed in the moment of activation which
declines quickly and leads to a short time of motility after activation. Besides, the temperature of reproduction is species-dependent and, in
some cases, could be around 4 °C2,4,8,12. Thus, it is necessary to make some adaptations to improve the efficiency of a computerized system
for fish sperm analysis. The basic principle of the motility parameter is the acquisition and analysis of successive images of motile spermatozoa.
Most systems use standard frame rates (16, 25, 30, 50 or 60 fps) due to limitations of hardware and software17,18,19,20,21,22. However, some
studies showed that a higher frame rate increases some velocity parameters, such as VCL, STR, BCF15,23,24. This is particularly important
when it is necessary to evaluate the hyperactivation of spermatozoa and find the maximum velocity of spermatozoa11,17,18,19,25. In relation to
the temperature of analysis, a cooling plate for the optical microscope, and a new technology to refrigerate samples at constant temperature
could also improve the analysis over time. The present work offers an approach to solve two of the main problems associated with the fish sperm
motility analysis and temperature sensibility. Despite the results focusing on some freshwater species, this methodology could be used for marine
species, although the activation medium should be adapted for each species.

In the market, there are a range of products or even different versions of the same product. Even if the systems may have the same principle,
each one has different details resulting in the incompatibility of results26,27,28. Besides, the evaluation of fish sperm quality could still have
methodological and technical limitations. The sperm activation technique and the time of analysis after activation are two essential factors that
affect sperm quality evaluation29,30. The time between the activation of sperm samples and the stabilization of image for video recordings should
be around 5 s since the first seconds (time interval of 5-20 s) provides the most useful data2,4. The time of sperm analysis may be limited due
to condensation problems on the glass slide. However, fish spermatozoa remain active with a vigorous movement for less than two minutes2.
At a technical level, it is necessary to know the "optimal" frame rate to obtain detail information that gives an accurate reconstruction of the
spermatozoa trajectories15. At lower frame rates, the details of the trajectory are lost, particularly for fast and nonlinear spermatozoa, whereas at
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higher frame rates, the information becomes redundant15,31. For some fish species, the frame rate (up to 250 fps) could not be enough to find the
maximum velocity of spermatozoa for some fish species, such as Grayling and Salmon. This variation is species specific and must be defined for
each species to standardize the protocol and obtain reliable results15,23,24. The depth of counting chamber may limit the movement of the large
flagellum of fish and the spermatozoa could not reach maximum speed11,32,33. Besides, the software may have some limitations in the detection
of the real spermatozoa when there is an intersection of cells.

Classical assessment of sperm quality is a subjective analysis based on the estimation of concentration and percentage of motility, which
can produce variability on the results. However, a computerized system provides rapid, accurate and quantitative measurements of motility
parameters. This objective analysis gives a large amount of data and reduces the variability of results34,35,36,37. The response of sperm motility
behavior depends on the temperature of the analysis and varies among species38,39,40. Optimal temperature of the sperm analysis could provide
sperm velocity and duration of the motility period similar to the natural conditions of reproduction38,40. Therefore, sperm analysis software with
cooling devices improves the evaluation of fish sperm quality.

The results of sperm quality analysis could improve the knowledge about fish sperm characteristics and quality based on sperm subpopulations,
which may be the future of sperm evaluation in all animal species41,42. At a practical level, this technique could be an indicator of high-quality
breeders and helps to get more information about sperm selection process, seminal doses calculation for artificial insemination, sperm
competition based on velocity and progressivity and fertility potential. All this knowledge can be applied to different research fields including
aquaculture and conservation programs, which stimulated the interest in fish sperm storage and cryopreservation in the last decades2,13.
Toxicological effects are also getting special interest due to environmental problems, as well as studies the development of phylogenetical
studies based on sperm motility characteristics43,44.

This work has shown how the optimization of an automatic software for fish sperm motility analysis improves the results. Standardization of the
protocol must take into account the temperature of analysis and the frame rate, which could be different depending on the species. However,
the analysis of fish sperm motility has two critical steps that the researcher should pay attention. Sperm collection is the first critical step that
can destroy the sample due to contaminations by faeces, urine and water (seawater or freshwater). The other critical point is associated with
the moment of sperm activation and the beginning of video recordings. This step should be done as soon as possible to collect data when the
spermatozoa have vigorous movement.
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