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ABSTRACT - This study aimed to develop a spermdensimeter for evaluating stallion
semen in a practical and efficient manner. This method is an alternative to the
standard method that utilizes a Neubauer chamber under field conditions, which is
typically employed because the Karras spermdensimeter® model (for bovine and
swine) is not suitable for determining equine semen concentrations. Two
spermdensimeter models were developed. The appliances were made out of acrylic
material, and each one had different angulations, with 8° for Model A and 10° for
Model B. We tested 123 semen samples from stallions to evaluate and calibrate the
two spermdensimeter prototypes based on the Neubauer chamber. Samples were
analyzed by two evaluators. These results were compared to those obtained using
the Neubauer chamber. Linear regression was used to establish the scale of
concentrations for each model. Additionally, the correlation between the scales and
the values found using the Neubauer chamber was calculated. Linear regression
demonstrated a precise adjustment for the concentration curves, resulting in rz2 =
0.9395 for Model A and r?2 = 0.9418 for Model B. The correlations for the
concentrations were significant (p < 0.0001). They were high and negatively
correlated, measuring -0.83 for Model A and -0.8 for Model B. We concluded that the
spermdensimeters we developed were effective for evaluating stallion sperm
concentrations. These models can be used in routine practices associated with
equine reproduction, achieving the main purpose of this work.

Keywords: Neubauer; practical; reproduction; stallion.

RESUMO - Este estudo teve por objetivo desenvolver um espermiodensimetro para
avaliar o sémen de garanhfes de maneira pratica e eficiente. Este método € uma
alternativa ao método padrdo que usa a camara de Neubauer para condi¢bes de
campo, que é normalmente utilizado pois o0 modelo de espermiodensimetro de
Karras® (para bovinos e suinos) ndo é apropriado para determinar a concentracéo
de sémen equino. Dois modelos de espermiodensimetro foram desenvolvidos. Os
aparelhos foram feitos de material acrilico e cada um com diferentes angulacdes,
sendo 8° para o Modelo A e 10° para o Modelo B. Foram testadas 123 amostras de
sémen de garanhdes para avaliar e calibrar os dois protétipos de
espermiodensimetro baseando-se na camara de Neubauer. As amostras foram
avaliadas por dois avaliadores. Estes resultados foram comparados aos obtidos
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usando a camara de Neubauer. Regressao linear foi utilizada para estabelecer as
escalas de concentracdo para cada modelo. Adicionalmente, a correlacdo entre as
escalas e os valores de concentracao obtidos usando a camara de Neubauer foram
calculadas. A regressao linear demonstrou um ajuste preciso para as curvas de
concentracdo, resultando em r2 = 0.9395 para o Modelo A, e r2 = 0.9418 para o
Modelo B. As correlacdes para as concentragcdes foram significativas (p < 0.0001).
Elas foram altas e negativamente correlacionadas, medindo -0.83 para o Modelo A
e -0,8 para o Modelo B. Portanto, essa relagéo foi inversamente proporcional. Nos
concluimos que os espermiodensimetros que desenvolvemos foram efetivos para
avaliacdo de concentragOes de sémen de garanhdes. Estes modelos podem ser
usados em praticas rotineiras associadas a reproducdo equina, alcancando o
objetivo principal deste trabalho.

Palavras-chave - garanhdes; Neubauer; pratica; reproducao.

INTRODUCTION

The use of reproductive biotechnology has contributed to accelerated genetic
improvements by increasing the fertility of the equine species. This has been
particularly important because horses have lower fertility rates than those of other
livestock (Noakes et al.,, 2001; Nath, 2011). Currently, the most commonly used
equine biotechnology techniques are artificial insemination (Al) and embryo transfer
(Estrada and Samper, 2007). Al increases the genetic quality of the herd by allowing
the producer to utlize semen from the best stallions, which is economically
advantageous (Nath, 2011). Pregnancy rates among stallions depend not only on
individual genetic variation but also on the technique and semen manipulation
(Nunes et al., 2006). Among the factors that can affect reproductive performance is
seminal quality (Guasti et al., 2012), which can be evaluated for macroscopic
characteristics including volume, color, viscosity, and appearance using semen
collection (Nath, 2011; Griffin, 2000). The concentration of semen used for breeding
is another characteristic to be considered. The evaluation must be accurate, aiming
to increase the reproductive efficiency of an Al program (Vianna et al., 2004),
particularly when the purpose is to use the ejaculate to inseminate a large number of
mares (Conboy, 2011).

In bovine reproduction, the most commonly used methods to determine sperm
concentrations are the Neubauer chamber, spermdensimeter, and
spectrophotometer. The Karras spermdensimeter® is considered more advantageous
compared to the other techniques due to its low cost and high efficiency for use in
cattle and pigs. In swine, the spermdensimeter is routinely used and has been
compared to other methods, such as the Neubauer chamber and spectrophotometer.
However, this method has advantages and disadvantages (Vianna et al., 2004,
Murgas et al., 2010). Despite its practicality and worldwide use in cattle (Barbosa et
al., 2011) and pigs (Vianna et al., 2004, Murgas et al., 2010), the Karras®
sperdensimeter cannot correctly estimate stallion sperm concentration. In field trials
using different stallions, it was shown (unpublished data, 2013) that when the
ejaculate contained low sperm concentrations (even if this was still within the
standards for the species), it is not possible to obtain a visual reading using the
Karras spermdensimeter. This is because it was originally designed for use on bull
semen (for which the sperm concentration ranges from 800 to 2000 million
sperm/mL) or for boar semen (for which the sperm concentration ranges from 200 to
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300 million sperm/mL) (Garner and Hafez, 2004). Although the boar sperm
concentration is close to that of the stallion (150 to 300 million sperm/mL) (Garner
and Hafez, 2004), a wide variation in individual sperm concentrations (between 50
and 400 million spermatozoa/mL) has been observed in stallion ejaculates (Love,
2007).

Therefore, different spermdensimeter prototypes were created to determine
the most suitable and consistent design. The initial idea involved having more space
between the walls by increasing the angle, allowing a greater number of
spermatozoa (sperm plus water) to occupy the space within the front and back walls.
This would enable the measurement of stallion sperm concentrations via a turbidity
reading. Thus, the hypothesis of the present study is that the spermdensimeters
developed in this study are able to measure the concentration of spermatozoa in
stallion semen.

The present study aimed to develop spermdensimeters that are capable of
quickly and efficiently evaluate the concentration of sperm in stallion semen in field
conditions.

MATERIAL AND METHODS

The spermdensimeter prototypes developed for this study were similar in form
to the Karras spermdensimeter® because they were acrylic, which is a clear and
colorless material. The prototypes also had a scale on the back of the bottle, which
numbered from 1 to 10 with an interval of 0.5 cm. Different from the
spermdensimeters used for cattle and pigs, the prototypes had a support base, which
provided a flat surface for them to support themselves. Another difference from the
Karras spermdensimeter® was the internal angles, being 8° and 10° for Model A and
Model B, respectively. Both devices required a dilution of 1 mL of semen in 10 mL of
water, with a total of 11-mL solution. This solution also required homogenization
before use. Measurements were made in a similar manner as the Karras
spermdensimeter®. Briefly, both spermdensimeter prototypes were held by the base
by the observer with their arm outstretched. The device was held against a white,
illuminated wall. Readings were obtained by determining the number at which the
solution appeared turbid and become difficult to visualize. The numbers printed on
the back of the device provided these readings, which ranged from 1 to 10 (Figure 1).
High semen concentrations tend to cloud at lower values closer to label 1, whereas
lower semen concentrations tend to cloud closer to 10.
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Figure 1 - Spermdensimeter with a scale printed on the
back wall and a graduated ruler and a pen as reference
for model dimensions.

Samples of semen (n = 123) from forty 3- to 20-year-old Crioulo, Quarter
Horse, and Appaloosa stallions were collected using an artificial vagina (Conboy,
2011). The animals lived on stud farms in Curitiba, which was located at 25° 25 40 S
and 49° 16 23 O in Paran4, Brazil. Animals were fed tifton hay, alfalfa, and water ad
libitum. Concentrated ration was supplied according to individual horse’s needs. The
animals were kept in the stalls during the night and subsequently roamed free in the
paddocks during the day. Sample collections were performed within 1 year, both
during and after the reproductive season. After semen collection, the gelatinous
fraction was separated using a semen filter. The samples were subsequently packed
in 15-mL Falcon-type tubes to be transported to the Ilaboratory for sperm
concentration analysis using the Neubauer chamber (CBRA, 1998) and the
spermdensimeter prototypes.

First, the samples were evaluated using spermdensimeter Model A and Model
B (Figure 2).
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Figure 2 - Spermdensimeter prototypes developed for equine semen Models A
(left, internal angle of 8°) and B (right, internal angle of 10°).

The methodology for performing spermdensimeter measurements (Figure 3)
comprised making a dilution of 1 mL of semen in 10 mL of distilled water inside the
device, with a total of 11-mL solution. The solution was subsequently homogenized
within the apparatus by capping the upper opening with the thumb and turning the
bottle downward and upward with slight movements. After homogenization, the
evaluator positioned himself approximately 1.0 meter from a white surface (a wall)
and held the spermdensimeter 70 cm away from his body directed toward the white
surface in an artificially lit environment (Figure 4). The solution was considered to be
turbid where the number started to lose sharpness. This measurement was obtained
by observing the solution from the bottom up and recording the number on the scale
where turbidity was visualized (Figure 5).
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Figure 3 - Empty equine spermdensimeter under artificial light.
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Figure 4 - Spermdensimeter being  Figure 5 - Equine spermdensimeter
held against a white wall. with solution turbidity visible at number
5 on the scale under artificial light.

Readings were obtained by two different evaluators for the same samples
using both spermdensimeter prototypes in a double-blind study concerning the other
evaluator. Moreover, the results were obtained using the standard method (Neubauer
chamber), which was performed after the spermdensimeter prototypes were tested.
Therefore, two values per spermdensimeter per sample were obtained.

To determine sperm concentrations using the Neubauer chamber, a dilution of
1:20 (1 part of semen to 19 parts of buffered saline and formaldehyde) was made.
Five frames on each side of the chamber were counted. We assumed a maximum of
10% difference between the two sides.

From this, the scale numbers obtained from the spermdensimeter models
(mean of the two evaluators) were compared with the measurements from the
Neubauer chamber.

Based on semen concentrations determined using the Neubauer chamber, the
two spermdensimeters were calibrated. For each model of spermdensimeter, a scale
adjustment was made to determine whether the curve of values created was
representative and precise. This generated a function from which the concentration
table originated.

A linear regression was performed using the least squares method with an
exponential model as follows: concentration = a - e ? - s¢@'¢ where “concentration”
corresponds to the reading from the Neubauer chamber, “a” represents the point
where the curve intersects the y-axis, “scale” is the variation from 1 to 10 displayed
on the spermdensimeter, “b” determines its shape, and “e” is the Euler constant
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(value, 2.718281). A priori, a negative “b” value is expected because the function is
decreasing.

From the linear regression, a function was generated for each
spermdensimeter, and tables were constructed using the function to determine a
concentration value for each spermdensimeter scale number. A concentration range
for each scale value was also established using interpolation to cover concentration
variations within the interval of the function.

The means for the turbidity measurements obtained by the two evaluators for
each spermdensimeter was used, and we aimed to correlate the readings from the
scales with the values obtained in the corresponding samples in the Neubauer
chamber. Pearson’s correlation was used to generate a level of significance of 95%.

Statgraphics Centurion XVI (2009) software was used to perform statistical
analyses.

RESULTS AND DISCUSSION

In Figures 6 and 7, it was observed that the adjustments to the curves were
accurate, generating r2 values close to 1. For Model A, r2 was equal to 0.9395, and
for Model B, r2 was equal to 0.9418.
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Figure 6 - Linear regression and dispersion of concentration data for
equine semen samples obtained using spermdensimeter Model A (8°)
and the Neubauer chamber (n = 123).
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Figure 7 - Linear regression and dispersion of concentration data for
equine semen samples obtained using spermdensimeter Model B
(10°) and the Neubauer chamber (n = 123).

Both spermdensimeter models can be used to effectively perform these
measurements, since the r? value close to 1 is an indicator of accuracy for the
function adjustment.

Based on the regressions for each model, the data were interpolated so that
the concentration values were restricted in maximum and minimum intervals for each
point on the scale, as shown in Figures 8 and 9. Since this method does not count
sperm cells individually, a variation in each number on the scale was adapted to
include concentrations that were between the values of the function. This is because
even the objective method (Neubauer chamber) has a tolerance of 10% for each
side, and there are reports of even greater variations (Brazil et al., 2004, Neuwinger
et al., 1990).
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Function and Limits of Model A
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Figure 8 - Lower and upper limits for each linear regression concentration
value for equine semen samples measured using spermdensimeter Model A

(8°).
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Figure 9 - Lower and upper limits for each linear regression concentration
value for equine semen samples measured using spermdensimeter Model B
(10°).

Tables 1 and 2 show the mean sperm concentration values (108/mL) obtained
by performing linear regression, as well as the lower and upper limits, for each
degree of turbidity using each spermdensimeter.
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Table 1 - Sperm concentration values with lower and upper limits for stallions in
Model A (8°) spermdensimeter, corresponding to each number on a scale from 1 to
10 (n = 123).

Reading Concentration Lower limit Upper limit (108/mL)
(range 1-10) (10%/mL) (10%/mL)

1 1061.31 963.38 1159.23
15 865.46 785.60 963.38
2 705.75 640.63 785,60
2.5 575.51 522.41 640.63
3 469.31 426.00 522.41
3.5 382.70 347.39 426.00
4 312.08 283.28 347.39
4.5 254.49 231.01 283.28
5 207.53 188.38 231.01
5.5 169.23 153.61 188.38
6 138.00 125.27 153.61
6.5 112.53 102.15 125.27
7 91.77 83.30 102.15
7.5 74.83 67.93 83.30
8 61.02 55.39 67.93
8.5 49.76 45.17 55.39
9 40.58 36.84 45.17
9.5 33.09 30.04 36.84
10 26.98 13.49 30.04

The scale values in this table correspond to the number obtained from the scale at the back of the
spermdensimeter.

The concentration corresponds to the value obtained by linear regression.

The lower and upper limits correspond to the interpolation of the concentration values, showing the
values below and above the function, respectively. Thus, each scale value has a specific
concentration range.
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Table 2 - Sperm concentration values with lower and upper limits for stallions in
Model B (10°) spermdensimeter, corresponding to each number on a scale from 1 to
10 (n = 123).

Reading Concentration Lower limit Upper limit (10%/mL)
(range 1-10) (10%/mL) (10%/mL)

1 783.82 710.38 857.26
15 636.95 577.27 710.38
2 517.59 469.10 577.27
2.5 420.60 381.19 469.10
3 341.79 309.76 381.19
3.5 277.74 251.72 309.76
4 225.69 204.55 251.72
4.5 183.40 166.22 204.55
5 149.04 135.07 166.22
5.5 121.11 109.76 135.07
6 98.41 89.19 109.76
6.5 79.97 72.48 8919
7 64.99 58.90 72.48
7.5 52.81 47.86 58.90
8 42.91 38.89 47.86
8.5 34.87 31.60 38.89
9 28.34 25.68 31.60
9.5 23.03 20.87 25.68
10 18.71 9.36 20.87

The scale values for this table correspond to the number obtained from the scale at the back of the
spermdensimeter.

The concentration corresponds to the value obtained by linear regression.

The lower and upper limits correspond to the interpolation of the concentration values, showing the
values below and above the function, respectively. Thus, each scale value has a specific
concentration range.

The results of the correlation analysis for the Neubauer chamber versus the
readings obtained from Models A and B were -0.83 and -0.8, respectively (both
statistically significant; p < 0.0001). These values indicate a large and significantly
negative correlation, demonstrating that the higher the concentration, the lower the
number obtained from the spermdensimeter scale. Furthermore, the lower the
concentration, the higher the number obtained from the spermdensimeter scale.

Despite the spermdensimeter method being subjective, presenting a variation
range for each scale number (as demonstrated in Tables 1 and 2) is possible to
determine equine sperm concentrations using the prototypes developed. The equine
spermdensimeter method proved to be reliable and consistent since the values for
estimated concentration were based on the standard method (Neubauer chamber).
Thus, the hypothesis of the present study can be confirmed because it was possible
to measure stallion sperm concentration with the spermdensimeters developed.

Archives of Veterinary Science, v.25, n.3, p.18-32, 2020.



30
A new spermdensimeter to determine the sperm concentration of equine semen

This study aimed to develop a spermdensimeter able to evaluate stallion
sperm concentration including the normal range for the species. The different models
used were not compared between them statistically, and the standard method was
used for calibration for both models, producing a different scale of concentration for
each model. However, Model B seemed to have the turbidity number easier to read
for the semen concentrations evaluated (mean: 233.1 + 169.4 x 10° sperm cells/mL).

These prototypes are practical and can be employed in the field, making them
a viable but subjective alternative to the traditionally used Neubauer chamber,
excluding the need for visual counting of the sperm cells. With the spermdensimeters
developed in this study, it is possible to perform an immediate dilution of the samples
evaluated, right after the ejaculate is collected without the need of a Neubauer
chamber or microscope. By estimating the concentration of sperm, it is possible to
determine the amount of diluent to be added before using the ejaculate, which should
be used according to the concentration and desired purpose, such as cooling,
freezing, or inseminating a large number of mares (Conboy, 2011).

Reinforcing the use and consistency of results for sperm quantifications using
spermdensimeter method, the Karras spermdensimeter® was compared to the
Neubauer chamber and spectrophotometer (Barbosa et al., 2011) using bovine
semen. No statistical differences between the Karras spermdensimeter® and
Neubauer chamber were observed. In their study, the spermdensimeter was
considered to be the best among the three methods, and it was as accurate as the
Neubauer chamber. It was also rapid and less expensive than the spectrophotometer
or even the Neubauer chamber because cell counting requires a microscope for
these traditional quantification methods.

Although consistent with the values obtained using the Neubauer chamber,
the mean values obtained using the Karras spermdensimeter® were lower than those
obtained with the Neubauer chamber when measuring bovine semen (Barbosa et al.,
2011). This is contrary to what has been reported in pigs, for which the
spermdensimeter tended to overestimate the concentration of sperm (Vianna et al.,
2004, Murgas et al., 2010). Additionally, the spectrophotometer generates statistical
disagreements in sperm measurements obtained by various researchers. In some
cases, sperm concentrations are overestimated (Murgas et al., 2010), and in others,
they are underestimated (Vianna et al., 2004). Sperm concentration overestimation
can lead to inseminating doses that have a seminal concentration lower than the
recommended standards, leading to reduced fertility (Vianna et al.,, 2004). This
compromises the reproductive efficiency of the herd.

CONCLUSION

The prototype spermdensimeters (Models A and B) facilitated the
measurement of several samples of stallion sperm concentrations in a reliable and
consistent way, and evidently, it was easier to perform the readings in Model B than
in Model A. Compared to measurements using the Neubauer chamber, the equine
spermdensimeters developed accurately estimate the concentration of sperm in
semen in the field conditions, excluding the need of a microscope and the visual
counting of sperm cells. Due to the subjectivity of the method, sperm concentration
obtained with spermdensimeters is not precise, presenting a range of variation.
Further studies should be conducted to compare the two models with other methods
used for evaluating equine sperm concentration.
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Note: The models developed in the present study are protected by the Invention
Patent with Instituto Nacional da Propriedade Industrial of Brazil (INPI/BR) deposited
on August 17, 2016 under the number BR 10 2016 019032 0, according to national
guidelines.
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