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Abstract

A spermiogramme is an analysis performed to assess the quality of semen. Motility parameters
are primarily obtained by subjectively observing samples or by using complex systems, such as
computer-assisted sperm analysis (CASA). Here, we describe an easy and low-cost analysis system
for obtaining quantifiable kinetic observations using Salmo salar semen model. In this work, we
observed and captured video images of both fresh and stored Atlantic salmon semen to describe
the possibility of analysis using the ImageJ CASA plug-in application for the kinetic parameters
obtained from the videos. The semen is exposed to “powermilt”, a commercial activating solution,
and the curvilinear velocity (VCL), straight line velocity (VSL), average path velocity (VAP) values
are described. When the samples were activated after having been stored, differences were de-
tected in sperm quality, using the low-cost plug-in application. However, this system was not able
to detect small variations in the same recorded sample, suggesting limits in sample observation.
The results indicate that it is possible to quantify the Kkinetic parameters of semen samples using a
low-cost video system and free software.
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1. Introduction

Sperm cells are complex models, and the study of their motility is necessary in order to describe the quality of
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the samples [1], which is important in the fertilization process as faster and quantitative analysis help to identify
the best sample; in recent years, computational systems have been used to measure the quality of human sper-
matozoa [2], and for following morphological changes [3]. Semen is manipulated in vitro at the industrial level
in order to improve production. In particular, semen can be preserved, cryopreserved and then used as though
fresh for fertilization or artificial insemination [4] [5]. Semen is examined for different physicochemical and
cellular aspects, in particular, motility and the quality of motility [6]. In mammalian spermatozoa, observing
motility is crucial for the evaluation of the sample quality and is used in various processes; the quality of a sam-
ple can be evaluated by an observer according to international scales [7] that are still used in several studies [8]-
[10]. However, systems based on software programs (CASA, Computer-Assisted Sperm Analysis) have allowed
the quantification of kinetic parameters and have enhanced the evaluation of semen quality [11] [12], yet these
systems have also increased the cost of semen evaluation and reduced the availability of fast, low-cost and easy
ways to conduct a preliminary study of sperm cell quality. During breeding, gametes are released into the water
where the oocytes are fertilized. It is the key that sperm cells are activated and their motility started with the
osmotic change in solutions [13]. This particularity of sperm cells provides time to manipulate the sample based
on laboratory conditions, and the determining the kinetic values of these cells through in vitro studies allows this
process to be monitored. Intrinsic gamete quality, the quantity of gametes, and the environment in which they
fuse determine the success of fertilization. The kinetic properties of sperm cells are important parameters to
study to ensure reproductive success and improve sperm quality; thus, observing sperm Kinetics facilitates im-
proved production [13]-[15]. Mass motility observations in fish are often performed and reported as percentages
assessed by an observer, although the CASA system is developed to better assess the motility of a sample [11]
[16]. Although the use of matility percentages remains valid, this process may introduce errors. Studies have in-
dicated decreases in sperm motility in semen that were not related to the success of fertility; the absence of a re-
lationship is explained by the fact that non-kinetic parameters were observed. Recently, several studies have
demonstrated that changes in fish sperm cell kinetics are a better indicator of the quality of the semen collected
and a better parameter for use in the Salmon-culture industry [12] [17] [18]. The high costs of commercial soft-
ware limit their availability, as does the associated microscope necessary for the proper analysis of samples.
Open source software systems have been developed, such as the CASA software for ImageJ, which is an open
source plug-in application available at http://rsh.info.nih.gov/ij/plugins/casa.html that has been validated by the
National Institutes of Health for the analysis of videos of particles and mammalian sperm cells, and for obtain-
ing relevant kinetic parameters [19]. Recently, work had incorporated the use of such a CASA plug-in for ana-
lyzing the kinetics of sperm samples [20]: modifications can be made to measure the kinetics of the sample, for
example, in the Steindachneridion parahybae model, the protocol of Image J was adapted for the specific sam-
ple [21]. The parameters most commonly observed by these free systems are VCL (curvilinear velocity), VAP
(average path velocity) and VSL (straight-line velocity), but it is also possible to analyze other parameters, in-
cluding the percentage of motile forms and the linearity of the sample [22]. This open source and commercial
system enables the determination of all these parameters, thereby generating quantifiable measures of semen
sample quality [19]. Thus, researchers are able to implement this analysis protocol as a cost-effective and
straightforward alternative for retrieving quantitative and reproducible information in the laboratory. In this way,
researchers have also begun to develop systems for the photographic analysis of sperm cell head morphology as
another indicator of sperm quality [23]. In particular, this work used a Salmo salar model, because we can in-
duce motility in laboratory condition for capture videos. This marks an interesting discussion of the applicability
of freely available software and low-cost microscopy tools for this type of study and for observing the kinetics
of sperm cells in several models.

2. Materials and Methods
2.1. Collection and Handling of Semen Samples

The animals and biological samples were handled in accordance with the ethics guidelines of UCT and
CONICYT and approved by FONDEF project D10i1064. All of the biological materials were discarded accord-
ing to UCT protocol. A sample of nine adult male Atlantic salmon (Salmo salar) was donated by BIOACUI,
which is affiliated with the Universidad Cat6lica de Temuco. Before semen extraction, the salmon were anaes-
thetised with a 0.015% dilution of BZ-20 (benzoate salt solution at 20%). Semen samples were extracted
through abdominal massage or “stripping” and then oxygenated and stored in airtight plastic containers, which
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were subsequently cooled at 1°C to 5°C and transported to the laboratory in cooler containing a gel pack, the
transfer time from the collection center and the laboratory was approximately 2 hours. In the laboratory, semen
was diluted 1:2 (semen:sperm diluent) in a solution consisting of NaCl 18.8 g/L, CaCl,-3H,0 2 g/L, KCI 72 g/L,
NaH,PO,-H,0 4.1 g/L, NaHCO; 1 g/L, MgSQO,4-7H,0 2.3 g/L and glucose 1 g/L. All procedures were performed
at 4°C and the initial condition was 4 hours after the sample was obtained. We used a haemocyter for sperm cell
count, and the sample had approximately 11 x 10° + 2 cells by ml before dilution, similar to values from an-
other study [24]. The samples show an activation time of 180 + 10 s and decay at 50%, similar to results from a
previous study [25]. The samples were agitated daily and aerated by injecting compressed oxygen to prevent
mortality of the sperm cells (which are not motile for the entire conservation period) and preserved for 20 days
for periodic experiments [26].

2.2. Observation of the Samples under a Microscope

Slides were prepared with 10 ul of semen, deposited directly over slide, and quickly mounted on a NIKON
Labophot 2 optical microscope. Activation solution was used instead of coverslips, in order to maintain access
to the sample. Prior to this step, all materials were maintained at 4°C and sperm cells were not motil. The sam-
ples utilized for observation consisted of cells with size 2 uM. After focusing the sample, 20 ul of Powermilt
(1x) activation solution [26] was applied at the edge of the drop sample to obtain interface, and activate sperm
cell movement was observed. The samples were then observed at the interface of the solutions to record the ac-
tivation of the spermatozoa, the border between solutions was in focus when the Powermilt was added, all of
which exhibits a low-cost, easy to replicate model and in many laboratories. Time elapsed was recorded from
the initiation of cell movement until all cells within the visual field had stopped moving and their kinetics were
no longer observable by the image analysis program. To generate greater contrast in the microscope at interface
1, the video had to be recorded at 10x with a NIKON Labophot 2 illuminated-field microscope, and was re-
corded immediately after activation of the sperm cells.

2.3. Video Capture Analysis with CASA Plug-In Application

We used a 519CU 5.0M CMOS camcorder connected to a NIKON Labophot 2 microscope, which was con-
nected to a Samsung computer with a 2.4 Ghz Intel Core i5-2430 m processor, and the videos were recorded by
using the Micrometrics LE program from the beginning of sperm cell activation to the end of their movement.
The output video format was .AVI at 1280 by 968 pixels and 10 to 90 frames per second, which is the standard
format for ImageJ. However, the video codec was converted from the output format, using the freeware program
Any Video Converter, to get video images from the plug-in analysis, which is available at
http://www.any-video-converter.com. To transform the videos, the following changes were made in video options:
“video codec”, MPEG,; “video size”, original; “video bit rate”, highest; and “video rate frames” identical to the fol-
lowing. Videos were imported into ImageJ and edited before analysis using the CASA plug-in. Editing involved
inverting the video by choosing edit > invert, which inverts the video colours. To obtain grayscale image, Image >
Type > 8-bit grayscale was selected. To increase the contrast of the sperm cells, Image > Adjust > Brightness/
contrast (70/240) was used; this depends on the brightness of the video and the colour difference between the
background and the sperm cells. To mark the sperm cells, Image > Adjust > Threshold (0/200) was used. A
number sperm cells, between 10 at 150 single cells, was analyzed in the video. Threshold; mark a number of
sperm in the video sample and select any single sperm cells for the track obtained, which leaves the sperm cells
very accentuated and discernible. A summary of the protocol sequence is presented in Figure S1 and Table 1.

2.4. Analysis Using SCA

The samples were observed in a Nikon Eclipse E200 microscope with the phase filter on dark-field and a 10x
objective; video images were acquired with a Basler sca78054tc camera at 10 frames per second. The samples
were analyzed with SCA-CASA software (Microptic S.L. System Version 6, Barcelona, Spain), we used the
follow pre-setting parameters, 10 < area < 90 p% VCL 10 < slow < 45 < medium < 100 < faster um/s; progres-
sives > 80% of strength and circular < 50% linearity, modified for previous report [27]. The conditions were
similar to those used for the experiment with the ImageJ CASA plug-in, and the temperature was controlled at
4°C: 10 pl of semen were applied to a slide (no chamber is required for these CASA models), and quickly
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Table 1. Parameters changes used in the software.

Software condition

Parameters
Condition 1 Condition 2 Condition 3
Maximum sperm size (pixels) 1000 1000 1000
Minimum track length (frames) 10 10 10
Maximum sperm velocity between frames (pixels) 30 60 90
Minimum VCL for motility (um/s) 1 1 1
Minimum VAP for motility (um/s) 1 1 1
Minimum VSL for motility (um/s) 1 1 1
Frame rate (frame per second) 10 10 10

Different parameters changes used in the software to obtain kinetic values from fish sperm samples. The frames were changed for different observa-
tions, but the other values were maintained.

mounted on the optical microscope. Once the sample was focused, 20 pl of Powermilt (1x) activation solution
was applied and then coverslip of 18 x 18 mm is used to finish the sample, three video recordings from five dif-
ferent fields were observed and the kinetic parameters was registered using the setting for commercial software.

2.5. Statistical Analysis

Unless indicated otherwise, all of the results, including the image analysis, are presented as mean + standard er-
ror of the mean (SEM). Analysis of variance (ANOVA) was performed to compare the effects of days in storage
or Students-tests when comparing control and simple conditions. The samples were previously analysed for ho-
mogeneity by the D’Agostino and Pearson Test. All values passed the normality test with alpha of 0.05.
Post-test Bonferroni analysis was conducted for all-paired comparisons. A probability (p) less than 0.05 was
considered statistically significant for ANOVA or Student tests. All data were analyzed with the statistical pro-
gram Prism 5.

3. Results
3.1. Initial Conditions and Recovery Protocols

With software obtained via the Internet, the initial conditions must be accounted for in order to optimize condi-
tions for analyzing recorded videos requires and to ensure sample reproducibility. Table 1 shows a scheme of
user-modifiable values within the program, of which three conditions were changed so as to detect differences in
real samples. Figure 1(a) shows track sample patterns analyzed under the three different conditions detailed in
Table 1. Average values for VCL in each of the three conditions are shown in Figures 1(b)-(d) show the values
for VSL and VAP. The results indicate that condition three, in which the number of frames analyzed was in-
creased to 90 frames per second, yielded different values and presented the highest kinetic values of the three
conditions. This evidence supports the use of this protocol to analyze samples. Upon obtaining the data, we pro-
ceeded to test the software by first observing and analyzing non-activated samples, after which the same samples
were subsequently activated using an optimized protocol and then reassessed. Figure 2(a) illustrates the change
in VCL from an inactivated to an activated state; a trace from an analyzed sample after activation is shown in
the inset. The results indicate that the protocol makes possible the identification of samples possessing high mo-
tility after activation. Figure 2(b) and Figure 2(c) correspond to the analysis of the other two parameters, VSL
and VAP. The data indicates that this protocol reveals important differences in the analysis and can differentiate
samples that have been activated under laboratory conditions. We then compared the values of the kinetic pa-
rameters obtained with ImageJ and the CASA plug-in with those from a commercial CASA system (SCA, Mi-
croptic S.L.). Figure 2(d) shows the values for VSL: no statistically significant differences were observed.
Similarly, no differences were observed in the values of the other parameters, as shown in Figure 2(e) and Fig-
ure 2(f). These results support the idea that this low-cost system can be used to observe Kinetic parameters in

salmon semen samples.
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3.2. Motility Study and Changes over Time; Acute Observations

To evaluate the sensitivity of the system optimized in our laboratory, the video recording of a sample was di-
vided into three time periods and the kinetic values were evaluated for each period. Data were analyzed and, as
shown in Figure 3(a), no differences in the VCL values could be observed at the different time periods. VSL
values shown in Figure 3(b) do not show any differences between the observed time periods. The VAP values
shown in Figure 3(c) not show change according to the time condition. Two new parameters that are of interest
were calculated as well: the percentage motility and sample linearity. However as shown in Figure 3(d) and
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Figure 1. Parameter changes for kinetic observations. (a) Representative images for tracks observed at different frames for
semen samples; (b) A bar graph of VCL values for activated semen with different frame conditions; (c) A bar graph of VSL
observed with different frame conditions; (d) A bar graph of VAP values for activated semen observed with different frame
conditions. Each bar (mean = SEM) represents measurements from at least five different experiments. The asterisks indicate

P < 0.05 (one-way ANOVA).
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Figure 2. Parameter changes for Kinetic observations in activated samples. (a) Bar graph of VCL values for activated semen.
The inset is a representative image for a track observed for an activated semen sample; (b) A bar graph of VVSL values for ac-
tivated semen; (c) A bar graph of VAP values for activated semen; (d) A bar graph comparing the VCL value from SCA vs.
ImageJ; (e) A bar graph comparing VSL value from SCA vs. ImageJ (f) A bar graph comparing VAP value from SCA vs.
ImageJ. Each bar (mean + SEM) represents measurements from at least five different experiments. The asterisks indicate P <

0.05 (Student’s t test).
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Figure 3. Parameter changes at different times. (a) Bar graph of VCL values for activated semen observed at different time
points; (b) Bar graph of VSL values for activated semen observed at different time points; (c) A bar graph of VAP values for
activated semen different time points; (d) Bar graph of activated semen motility values at different time points; (e) A bar
graph of activated semen linearity values at different time points. Each bar (mean + SEM) represents measurements from at
least five different experiments. Data do not show significant difference.

Figure 3(e), no significant differences were observed. These results indicate that although this protocol is able
to analyse motile samples, it is not sensitive enough to identify potential small changes when observing the same
sample in acute observation.

3.3. Motility Study and Variation over Time; Periodic Observations

Semen samples from healthy Salmo salar were collected using the standard protocol; the kinetic values were
registered and semen extractions were repeated on different days. Figure 4(a) shows examples of traces regis-
tered from samples upon initial observation and after 10 and 15 days of storage in the laboratory according to
conditions of oxygenation, temperature and movement. Figures 4(b)-(d) show the VCL, VSL and VAP values
on different days and illustrate the significant reduction in these values that occurs when samples are preserved
in low-temperature and shaken every day for oxygenation, as previous described by [25]; the kinetic properties
were quantified using an optimized protocol in our laboratory. The data indicate that this easy way for the
analysis of salmon sperm cell kinetics is able to distinguish changes that occur during storage and can be used to
assess sperm cell quality. Interestingly, when retrieving values published by other groups and comparing these
values with our own data, as shown in Table 2, we did not find any significant differences, suggesting that our
values are within the expected range for a healthy sample and can detect variations in the kinetics of a sample.

4. Discussion

We used the CASA plug-in application, which was developed for use with open source software, such as ImageJ.
Use of these methods can reduce the cost associated with measuring the kinetic parameters. We analyzed fish
semen, in particular Salmon salar sperm cells because they have a natural particularity of not being motile be-
fore they are activated. This natural occurrence helped us to manipulate the sample in the laboratory and intro-
duces a new protocol to the aquaculture industry for evaluating the quality of sperm cells. With this protocol,
observable differences are shown, and previous observations can be compared with similar models [19]. Fur-
thermore, in the last year, several publications include the methodology for obtaining kinetic data from fish se-
men with the ImageJ-CASA system [20] [21]. Part of these developments is marked by the use of automatic
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Figure 4. Parameter changes at different storage days. (a) Representative images for a track observed at different storage
days. (b) A bar graph of VCL values for activated semen at the initial time and after the indicated number of days of storage
(c) A bar graph of VSL values for activated semen at the initial time and after the indicated number of days of storage; (d) A
bar graph of VAP values for activated semen at the initial time and after the indicated number of days of storage. Each bar
(mean = SEM) represents measurements from at least five different experiments. The asterisks indicate P < 0.05 (ANOVA).

Table 2. Kinetics values described.

Kinetics parameter

Author
% motile VCL (um/s) VAP (um/s) VSL (um/s) Species
Present study 68+4 180 + 63 78 £27 97 £ 26 Salmo salar
Dziewuilska, A Rzemieniecki and 178.4+63.6 15574586 1148729 Salmo salar
J. Domagala, 2011
Lahnsteiner F. et al., 2005 91.4+20.8 Onchorhynchus mykiss
Wilson-Leedy J. and 90+6 1049 77+15 66+ 17 Danio rerio

Ingermann R., 2007

Comparison of kinetics values described by other researchers for similar species with our results.

systems to describe the quality of the semen samples (for example, analysis of the percentage of chromocenter
in the sperm cell nucleus), and make a correlation with quality and motility of semen sample [3] or in human
spermatozoa for study flow cytometry [2].

Traditionally, semen quality is assessed through the direct observation of the sample or by using the kinetics
of sperm cells as a method of quantifying semen quality, particularly sperm cell motility. This quantification is
typically performed through subjective observation by a trained observer or with the aid of programs, such as
CASA [22]. However, these programs are expensive and require specialized instruments, therefore, their use is
limited. Salmon sperm cells can be activated under laboratory conditions; the duration of motility can be as-
sessed to evaluate sperm cell quality, the observation of initial motility, and the loss of certain properties as
sperm cells in the sample lose their motility [15] [25]. Measuring semen quality is crucial in order to use these
cells more efficiently. The success of conservation and artificial reproduction efforts depends on semen quality
[18]. The software used in these experiments has been updated in our laboratory by analysing videos obtained
via conventional illuminated-field microscopes with a 5-megapixel camera. This equipment is easily accessible,
and the software is free. Figure S1 presents a step-by-step schematic of the protocol, including a checklist for
video acquisition and the parameters that are measured by the ImageJ CASA plug-in, which we used for fish
semen. However, this system can be adapted for other sample types and updated in any laboratory [21]. Al-
though the protocol may appear complex, it is not difficult to follow, reduces the number of the steps, the costs
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are low, and only the conditions for different species needs to be checked and accordingly adjusted. We modi-
fied the initial parameters to generate reproducible observations that correspond with published values and de-
tect differences between the samples. We described one important step for the proper acquisition of frames for
video capture [21]. Previous reports helped to us to introduce proper modifications to the plug-in; the frame rate
is described as a critical parameter for obtaining accurate recordings for kinetic analyses [20]. After modifying
the protocol, we obtained differing values when the samples were activated using Powermilt.

With this test system, our protocol was able to identify activated sperm cells where the activated condition
yields different values for VCL, VSL and VAP. When evaluating the sensitivity of our protocol to variations
within a sample, we found that it was not possible to identify significant changes in the parameters examined
(e.g., VCL, VSL and VAP). Furthermore, when compared with values obtained from the SCA system, no dif-
ferences were detected, suggesting that the ImageJ CASA system is comparable to a conventional CASA system.
The values observed under initial conditions of normal semen from Atlantic salmon (Salmo salar) showed simi-
lar values to those reported for similar species [19] [24] [28], suggesting that our system using open source
software provides reproducible and comparable results, supporting the idea that identical kinetic parameters can
be produced with this low-cost system. However, the SCA software can show different values in the semen
sample and can detect variations in short time periods. We added other parameters or conditions to the ImageJ
CASA system; however, these were insufficient for indicating changes in the samples. The previous results in-
dicate that our protocol can be used to quantify changes in semen samples, but small variations in kinetics can-
not be detected, limiting its use in certain processes. The storage of semen samples for several days is a common
practice in the industry, where samples are often collected, cryopreserved and then observed upon activation. It
is important to evaluate the quality of semen samples as well as their kinetics [18] [29]. To assess sperm quality
with our system, we studied the effect of storage over time. VCL, VSL and VAP were used to identify decreases
in the kinetics (and therefore the quality of semen over several days of storage) and reduced the time of activa-
tion, previously described as one indication of quality reduction [15] [25].

5. Conclusion

Our data indicate that a low-cost system, ImageJ CASA, enables basic observation of the kinetics of salmon
sperm cells, with some limitations, such as the sensitivity of the system to acute changes, although VSL, VCL
and VAP can be detected and provide similar values to other CASA systems and to previous studies [28] [30].
We suggest the use of these models for low-cost protocol for kinetic observation in other species (bovine, hu-
man, caprine, porcine and others). The protocol has limits and needs a test sample before it is implemented for
other species, but it is a viable alternative for generating new data in more semen models.
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Figure S1. Presenting the method used to obtain and analyze fish sperm kinetics The diagram shows the
different steps used in the protocol to generate kinetic information from semen samples.
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