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La morfologia espermatica es esencial en la evaluacion de la calidad seminal e importante para la prediccién de
la fertilidad de machos reproductores. El objetivo del presente estudio fue comparar los pardmetros morfométri-
cos de espermatozoides de alpaca, obtenidos por tres métodos de extraccion de semen, la recuperacion del con-
ducto deferente (DCD), electroeyaculacion (EE) y aspiracion vaginal (AV). La coleccién se realizé de 3 anima-
les por cada método. Se determiné la movilidad, concentracion, vitalidad, funcionalidad de membrana y pardme-
tros de morfometria espermatica, con un equipo de analisis computarizado de semen - ISAS® CASA - Morph.
Para los parametros morfométricos, las muestras de semen se procesaron con un kit de tincion Hemacolor® y se
observaron en un microscopio de contraste de fases. Por cada muestra, se capturaron al menos 200 espermato-
zoides al azar, con resolucién de iméagenes de 0.08 pum por pixel en los ejes horizontal y vertical. La motilidad
total fue de 16.27+11.96%, 14.68+11.21% y 12.44+7.27%, la concentracién espermética de 247+186.70 x
10°EPZ/mL, 67.92+67.92 x 10°EPZ/mL y 100.32+56.13 x 10°EPZ/mL, la vitalidad fue 62.86+15.92%,
63+15.21% y 70.16+14.33% en espermatozoides colectados por DCD, EE y AV respectivamente. En cuanto a
los pardmetros morfométricos se encontré una longitud de 5.49+0.43 pum, 5.53+0.41um y 5.75+0.53um, area
14.30+2.0um?, 15.05+1.77um? y 15.88+2.0um?, perimetro de 16.10+1.31um, 17.11+1.20um y 17.41+1.43um,
ancho de 3.22+0.27um, 3.301£0.32um y 3.33+0.25 um y el porcentaje de acrosoma de 52.22+7.82%,
49.52+7.47% y 47.44+5.77% en espermatozoides colectados por DCD, EE y AV respectivamente. La compara-
cién de los parametros morfométricos entre método de colecta y animal se realizé mediante un disefio de bloques
alzar. Los pardmetros morfométricos del tamafio y forma de la cabeza de espermatozoide, y pieza intermedia
mostraron diferencias estadisticas significativas (p<0.01) entre métodos de coleccién y entre animal. En conclu-
sién, los parametros morfométricos del espermatozoide de alpaca son influidos por el método de coleccion, y
muestran variacion entre animales.

2020. Journal of the Selva Andina Animal Science®. Bolivia. Todos los derechos reservados.

Abstract

J. Selva Andina Anim. Sci.
2020; 7(2):50-62.

Sperm morphology is essential in evaluating seminal quality and important for fertility prediction in breeding
males. The aim of this study was to compare the morphometric parameters of alpaca sperm, collected using three
methods of semen extraction, recovery of the vas deferens (DCD), electro ejaculation (EE) and vaginal aspira-
tion (VA). The collection was made of 3 animals by each method. The mobility, concentration, vitality, mem-
brane functionality and sperm morphometry parameters were determined in a computerized semen analysis kit —
ISAS® CASA - Morph. For morphometric parameters, semen samples were processed with a Hemacolor® stain-
ing kit and viewed under a phase-contrast microscope. For each sample, at least 200 sperm were captured at
random, with an image resolution of 0.08 um per pixel on the horizontal and vertical axes. The comparison of
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the morphometric parameters between the collection method and the animal was carried out using a random
block design. Total motility was 16.27+11.96%, 14.68+11.21% and 12.44+7.27%; the sperm concentration of
247+186.70x10°EPZ/mL, 67.92+67.92x10°EPZ/mL and 100.32+56.13x10°EPZ/mL, the vitality was 62.86
+15.92%, 63+15.21% and 70.16+14.33% in sperm collected by DCD, EE and AV respectively. Regarding the

ID of article: 075/JSAAS/2020

morphometric parameters, a length of 5.49+0.43um, 5.53+0.41um and 5.75+0.53um was found, area 14.30+2.00

pm?, 15.05+1.77 pm? and 15.88+2.00 um?, perimeter of 16.10+1.31um, 17.11+1.20um and 17.41 + 1.43, width
of 3.22+0.27um, 3.30£0.32um and 3.33+0.25um and the acrosome percentage of 52.22+7.82um, 49.52+7.47um
and 47.44+5.77um in sperm collected by DCD, EE and AV respectively. The morphometric parameters of the

size and shape of the sperm head and the intermediate piece showed significant statistical differences (p <0.01)

between the collection methods and between the animals. In conclusion, the morphometric parameters of alpaca
spermatozoa were influenced by collection method, and show variations between animals.
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Introduction

The collection of semen in South American came-
lids (SAC) presents inconveniences such as dura-
tion, the position of the copulation, high viscosity,
low volume of ejaculates, as well as low concentra-
tion of sperm, absence of progressive motility, diffi-
cult handling, motivating the search for a technique
optimal for extracting semen and being able to ma-
nipulate sperm (EPZ), without losing their fertiliz-
ing capacity®2. Semen collection depends on a good
and constant sperm production for its quality, col-
lection techniques are highly developed in other
domestic species, in which there is already a routine
procedure, but in SAC there is no recommended
protocol and technique optimal, therefore, the semi-
nal characteristics are highly variable and depend on

51

the form of collection and there are several factors
that affect its quality?®.

Of all the seminal quality parameters analyzed in an
ejaculate, such as volume, concentration, motility,
vitality, and sperm morphology, it is recognized that
morphology is a determining characteristic to diag-
nose male fertility problems and predict it in artifi-
cial insemination (Al)*°.

The use of morphometric reference values of EPZ
can increase the knowledge of their capacity for
natural and in vitro fertilization, as well as their
quality and function after cryopreservation®. Mor-
phological and morphometric evaluation of the
acrosome structure of EPZ allows the precise pre-
diction of the fertilization capacity of males’®,
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In this context, the determination of their morpho-
logical structure is of particular importance, because
their size and shape are important criteria in the
classification of EPZs as normal and abnormal. Not
only has the size of the head affected the fertiliza-
tion capacity, but also the dimensions and function
of the tail and central piece®.

In SAC, 40% of the EPZ of ejaculate has a normal
morphology®?, for which several studies have been
carried out because the shape, size of the head, of
the spermatic nucleus, are related to the DNA con-
tent and the chromatin organization®, it is essential
to analyze the sperm morphology of reproducers
because nucleus abnormalities are frequently asso-
ciated with a reduction in fertility*2.

However, characterization, the precise classification
of sperm morphology, requires objective measure-
ment techniques and standardized staining methods.
Therefore, the use of computer-assisted semen anal-
ysis (CASA) systems for stained semen samples has
meant an advance in the precise analysis of sperm
morphology, based on a series of parameters!®!# In
SAC there are few studies on the morphology and
morphometry of EPZs of llama and alpacalt>2
where different staining protocols with Hemacol-
or®, Diff Quick®, Papanicolaou, and Staining 15 ®
were used.

In this sense, the present study aimed to compare
the morphometric parameters of the EPZs of alpaca
(Vicugna pacos) between three methods of semen
extraction, deviation of the vas deferens, elec-
troejaculation, and vaginal aspiration.

Materials and methods

Study place and animals. The study was carried out
at La Raya Research Center on South American

Camelids (CICAS), of Agrarian Sciences Faculty
(FCASF) of the Universidad Nacional de San Anto-
nio Abad del Cusco (UNSAAC), located at an alti-
tude of 4133 meters, since January until June 2017.
The experimental group consisted of 9 adult male
alpacas from 6 to 8 years of age and average weight
of 69.11+9.84 kg, kept in a natural grassland (fes-
cue, stipas and calamagrostis) and free access water.
Semen collection. Semen extraction was performed
by three methods: EPZ recovery by deviation of the
vas deferens (DCD), electroejaculation (EE) and
vaginal aspiration (VA), assigning 3 alpacas to each
method. For the recovery of EPZ by DCD, alpacas
previously operated were used and the vas deferens
were diverted towards the inner thigh?*. Through a
fistula, the EPZ drops were suctioned and deposited
in 2 mL vial tubes?, containing 0.3 mL of dilutor
Tris base, fructose and citric acid, at 37 °C%. For the
semen extraction by EE, the protocol of Director et
al.?* with modifications for alpacas, under general
anesthesia (Ketamine 2.5 mL/100 kg BW and
Xylazine 0.2 mL/20 kg BW intravenously) was
taken as a reference?, applied increasing cycles of 2
to 12 V, with alternating periods of electrical stimu-
lation of three seconds and with rest intervals of one
second with the electroejaculator (ElectrolJac 5®,
Ideal Instruments®, Lansing, EU). Semen samples
were extracted by VA from females after a copula-
tion period of 20 to 40 min with selected males,
introducing a vaginal speculum up to the cervix,
making rotary and vertical movements in the same
axis®. In all cases, the samples were immediately
stored at 37 ° C.

Microscopic evaluation. Total motility (progressive
mobiles and non-progressive mobiles) and EPZ
concentration were evaluated in the ISAS® equip-

ment, Integrated Semen Analysis System (Proiser
52
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I+D, Paterna, Valencia, Spain), equipped with a
UOP phase-contrast microscope-UB200i, 10X Nega
tive phase contrast objective, with video camera
(Ximea MQO03MG-CM, Ximea, Minster, Germa-
ny). Vitality was determined by fluorescence, using
the VitalTest® kit (Halotech, Madrid, Spain) (acri-
dine orange solution and propidium iodide solu-
tion), following the manufacturer's specifications.
To evaluate the functionality of the sperm mem-
brane, a hypoosmotic solution of 50 mOsm/kg?’ was
used, where an adequate function of the membrane
was evidenced with a positive reaction to tail roll
(HOST +). To determine the percentages of vitality
and HOST +, no less than 200 EPZ were counted,
with the objective of 40X of the ISAS®.

Figure 1 Morphometric parameters studied in this
study according to the Soler study.®

cABEZA | AR

i Acrosoma (%)

[Anchura (W]

Perimetro (P)

Elipticidad: L/W

Rugosidad: 4mA/P?
Elongacion: (L-W)/(L+W)
Regularidad: tLW/4A

Sperm morphometry. The slides with semen sam-
ples were dried in the environment and subjected to
the staining protocol of the Hemacolor® kit (Merck,
Darmstadt, Germany), following the manufacturer's
recommendations. The morphometric analysis of
the samples was carried out in the ISAS® mor-
phometry module, with the objective of 100X and
immersion oil. The video frame capture frame size

was 768x576x8 bits and 256 levels of gray. The
53

resolution of the images was 0.08 pum per pixel in
the horizontal and vertical axes. No less than 200
EPZ were randomly captured per sample, with no
overlap between EPZs.** Morphometric parameters
were analyzed, the size of the EPZ head (figure 1)
were length (L, pm), width (W, pm), area (A, pm2)
and perimeter (P, um), from which the shape pa-
rameters, such as ellipticity (L / W), elongation
(ILWT] 1 [L+W]), regularity (mLW/4A) and rugosity
(4nA / P2). In addition, the percentage of acrosome
(% of total head), width and area of the midpiece
(PD) in um, insertion distance of Pl (between the
head and the axis of the PI, um) and the angle inser-
tion of PI5%2 by the three collection methods (Figure
2).

Statistic analysis. Descriptive statistics of sperm
motility, concentration, vitality and functionality
were obtained. The assumptions of normality and
homoscedasticity were determined using the Kol-
mogorov-Smirnov and Levene tests for the data
obtained from the CASA-Morph analysis of all the
cells analyzed. For data that did not have a normal
distribution, their transformation was carried out
with the TRANSREG procedure of SAS. The com-
parison between semen collection methods was
made under a random block design, the comparison
of means was made with Duncan'’s test. For statisti-
cal calculations, the SAS v. 8.2 (North Carolina
State University- United States).

Yijk=H + Ai + Cj+ €ijk.

Where:

Yijk = Response variable.

| = Population mean or common constant.
Ai = Animal effect

Cj = Effect of the collection type

eijk = Experimental error.

Results
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Table 1 Microscopic variables of alpaca semen and sperm (Mean+SD), obtained by deviation of the vas deferens
(DCD), electroejaculation (EE) and vaginal aspiration (VA)

Variable DCD EE AV
Total mobility (%) 16.27+ 11.96 14.68+ 11.21 12.44+7.27
Concentration (x10%/mL) 247+ 186.70 67.92+ 67.92 100.32+ 56.13
Vitality (%) 62.86+ 15.92 63+ 15.21 70.16+ 14.33
Sperm membrane functionality (%) 57.65+8.91 50.42+ 12.53 60.82+ 15.51

*SD: Standard deviation

Table 2 Morphometric parameters of alpaca sperm (Mean SDz), obtained by deviation of the vas deferens (DCD),
electroejaculation (EE) and vaginal aspiration (VA)

o DCD (n=622) EE (n=570) AV (n=597) P-value
Description
Mean +SD Mean +SD Mean +SD
Longitud cabeza (um) 5.49 £0.43? 5.53+0.41° 5.75+0.53° 0.01
Head size Ancho cabeza(pum) 3.22+0.27¢ 3.30+0.32° 3.33+0.25° 0.01
Area (um?) 14.30+2.00° 15.05+1.77° 15.88+2.0* 0.01
Perimetro (um) 16.10+1.31°¢ 17.11#1.20° 17.4141.432 0.01
Acrosoma (%) 52.22+7.822 49,5247 .47° 47.4445.77° 0.01
Elipticidad 1.72+0.15* 1.69+0.20° 1.73£0.19* 0.01
Head shape Rugosidad 0.69+0.05° 0.66+0.07¢ 0.66+0.06° 0.01
Elongacion 0.26+0.04* 0.25+0.05° 0.26+0.05° 0.01
Regularidad 0.97+0.04* 0.95+0.04° 0.95+0.04* 0.01
Size PI Ancho (um) 1.67+0.42* 1.32+0.40° 1.38+0.46% 0.01
Area (um?) 2.40+0.66° 2.80+0.99° 2.61+0.92° 0.01
Insertién Pl Distancia (um) 0.16+0.10¢ 0.2240.15* 0.20+0.13° 0.01
Angulo (grados) 7.02+6.07¢ 11.39+11.62* 8.57+6.57° 0.01

* Different letters in the row indicate highly significant differences (p <0,01) * SD.: Standard deviation; PI: Intermediate piece

Table 3 Morphometric parameters of the alpaca sperm head (mean+SD) per animal, obtained by deviation of the vas
deferens (DCD), electroejaculation (EE) and vaginal aspiration (VA)

Animal n Length (um) Width(um) Area (um?) Perimete (um) Acrosome %
1 208 5.40+0.41° 3.11+0.24f 13.52+1.72f 15.61+1.16° 53.23+7.91°
2 206 5.69+0.36 3.39+0.19¢ 15.86+1.25° 17.02+0.91¢ 53.09+6.14%
3 208 5.37+0.44° 3.11+0.27° 13.57+1.98f 15.68+1.30° 50.34+8.85"
4 192 5.55+0.42¢ 3.11+0.28f 14.09+1.56% 16.75+1.06¢ 46.45+6.361
5 173 5.44+0.43¢ 3.54+0.27% 15.84+1.77° 17.63+1.27° 53.85+8.25%
6 205 5.59+0.36¢ 3.29+0.25¢ 15.28+1.54° 17.00£1.11° 48.75+5.93¢
7 203 5.77+0.50° 3.21+0.21° 15.26+1.58° 16.90+1.20% 45.69+5.62¢
8 198 6.15+0.35% 3.47+0.21° 17.78+1.31¢ 18.61+1.05% 48.71+5.10°
9 196 5.33+0.35' 3.33%0.27¢ 14.61+1.51% 16.74+1.20¢ 47.96+6.15°

P - valor 0.01 0.01 0.01 0.01 0.01

*Different letters in the row indicate highly significant differences (p < 0.01). SD.: Standard deviation.

Discussion sperm membrane (FMP), is observed in Table 1.

These findings are within the ranges described by

The determination of the routine microscopic char- Meza et al.% and Quispe? in EPZ recovered from

acteristics of the EPZs of alpacas obtained by three the vas deferens, Alarcén et al.?° in semen collected

collection methods: total motility (MT), sperm con- by VA, and by Flores et al.2%, Ordofiez et al.*® and

centration (CE), vitality, and functionality of the Ciprian® in semen collected by EE, all of them in
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alpacas. All microscopic variables were evaluated in
9 collections by each semen extraction method. The
values of the morphometric parameters of the EPZ
head size (length, width, area, and perimeter), head
shape (ellipticity, rugosity, elongation, and regulari-
ty), percentage of the acrosome, width, area, dis-
tance, and angle of insertion of the midpiece of the
EPZ, table 2. The collection method significantly
influenced all the morphometric parameters of the
EPZ head size (p <0.01) (table 2). The morphomet-
ric dimensions of the head size of EPZ obtained by
DCD were smaller than by EE and AV. This great
morphometric variability between collection meth-
ods is probably due to the presence of seminal
plasma (EE) and fluids from the female's tract (AV),
since the EPZ recovered from the vas deferens are
devoid of secretions from the prostate and glands.
bulbourethral, which make up a complete ejaculate.
Therefore, the majority of EPZs collected by DCD
probably have not completed their maturation. Sem-
inal plasma plays an important role in the conserva-
tion of EPZ because it contains antioxidants such as
vitamin C, vitamin E, urate, albumin, taurine, hy-
potaurine, pyruvate, and lactate, as well as secretory
protein rich in cysteine (CRISP3), positively associ-
ated with the conception rate3233,

Some parameters are similar to the reports by
Buendia et al.™® Casaretto et al.**, Ordofiez et al.’,
Soler et al.*® Giuliano & Ferrari®®, Evangelista-
Vargas et al.®® Flores-Huarco®' and Cucho et al.?
For example, Ordofiez et al.'® report larger head size
dimensions (length 5.89 pum, width 3.50 pm and
perimeter 17.53 um) in VA semen, stained with Diff
Quick® and evaluated in ISAS®, which is probably
due to the type of staining used, on the other hand,
Buendia et al.'® point out greater length and width
of the head (6.10 pm and 3.62 pum, respectively) and
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smaller perimeter (15.11 um), in alpaca semen col-
lected by AV, stained with Hemacolor® and evalu-
ated in SCA®. To understand these differences, it
could be hypothesized that in whole semen (EE),
the presence of seminal plasma, or blood cells, vag-
inal mucus, and other impurities (VA) could stimu-
late the acrosomal reaction. Ordofiez et al.'® report-
ed a lower percentage of acrosome compared to the
head (46.58%) collected by AV, Ciprian® (49.95%,
and 56.08%) in EPZ collected by EE and DCD. The
acrosome is a structure directly related to fertility3e.

Figura 2 Imégenes microscopicas de la cabeza y pieza
intermedia de espermatozoide de alpaca con el equipo
ISAS®, a) espermatozoides colectados por AV, b)
espermatozoides recuperados por DCD y
c) espermatozoides colectados por EE

(a)

o (b)

g ® ()

\
A

Mm

Each EPZ is endowed with a single acrosome, the
shape, and size of which vary widely between spe-
cies®. The acrosomal reaction induced naturally or
artificially, depending on the staining used, can lead
to its loss or an overestimation of the size of the
EPZ* head. Although Yaniz et al.** suggest using
fluorescence techniques to differentiate the structure
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of EPZs. Cucho et al.?? consider that the adequate
staining for EPZ of the vas deferens is Hemacolor®,
because it allows determining the presence and pro-
portion of the acrosome in the spermatic head. Simi-
larly, statistically significant differences were found
in the parameters of the head shape, and the inter-
mediate piece (PI) of the EPZ (p <0.01) (table 2).
From a pathological point of view, it is argued that
adverse environmental conditions such as high tem-
perature and humidity could generate hydrocele and
scrotal edema in animals, altering the macroscopic
and microscopic characteristics of the ejaculates and
in the morphometric parameters of the EPZ*. How-
ever, by virtue of the morphological diversity of the
alpaca EPZ, various functional aptitudes are at-
tributed according to the morphological characteris-
tics of the EPZ. Thus, NUfez-Martinez et al.*? af-
firm that there is a cryopreservability variable be-
tween subpopulations, which depends on the osmot-
ic gradient according to cell shape, volume, and area
(parameters used to estimate roughness and regu-
larity).

There are few reports of the study of sperm Pl mor-
phometry, Cucho et al.?? found similar values with
Hemacolor®, but Ordofiez et al.® obtained higher
values, in EPZ collected by (VA) and with the type
of staining used (Diff Quick®). The staining influ-
ences the real morphometric dimensions of the EPZ,
where the sperm undergoes deformations, either by
osmosis or dehydration, the EPZ can be reduced up
to 20% of the length and 13% of the head width,
these characteristics are necessary to perform the
analysis in CASA* systems. Cucho et al.? indicate
that the results of alpaca sperm morphometry are
sensitive to the applied staining technique. Lupold
et al.* found an association between Pl length and
sperm motility since greater motility would be relat-
ed to a greater amount of energy produced in more

mitochondria present in a more elongated PI*.
However, Malo et al.*® argue that a larger PI can
hinder the locomotion of EPZs, making them slow-
er. The high variability in the insertion angle of the
IP (Table 2) may be due to the mechanical action of
the extension (smear) and drying, influencing its
calculation. The morphometric parameters of the
size of the EPZ head such as length, width, area,
perimeter, and percentage of the acrosome of each
animal are observed in (Table 3). Where the varia-
bles of the morphometric parameters (length, width,
area, perimeter, and percentage of the acrosome)
have an individual variation in alpacas (p <0.01).
The high variation in sperm dimensions between
individuals and within the ejaculate of the same
individual (Table 3) could support the hypothesis of
camelid sperm heteromorphicity due to the high
degree of polymorphisms in the same ejaculate?’.
The microscopic variables of semen in South Amer-
ican camelids vary between individuals and these
are also affected by both the collection method and
the season®. The sperm morphology in different
species is variable between individuals of the same
species, breed, between ejaculates of the same indi-
vidual, and even as morphometric subpopulations
within the same ejaculate, due to the physiological
state, sexual maturity, and genetic polymorph that
controls spermatogenesis*®4°0,

The importance of the role of EPZ morphometry in
recent years has become very important in all spe-
cies. For example, Maree et al.>! mentioned the
relationship between sperm morphometry and fertil-
ity in humans, and there are studies that indicate the
relationship between the dimensions of EPZ and
fertility in horses®2354% in which the disorders of
fertility are positively correlated with the size of the
sperm heads. The relationship between EPZ mor-
phology and fertility has also been studied in

boars®®, bulls®%8, dogs®, and foxes®. The main
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sources of variation in the morphometry of EPZs are
the preparation of the sample, the fixation method,
the microscopic system, the technician's activity,
and the collection method, all this can affect the
repeatability of the analysis, its reproducibility, and
the comparison of the results. between laborato-
ries®l. It is of great importance that the collection
method is ideal for the EPZ collection and that it
does not affect the morphology, structure, and size
of the EPZs.

The results indicate that the choice of the semen
collection method has an impact on the dimensions
of the EPZ head and on the morphometric parame-
ters; in which the EPZ recovered by DCD are those
that exhibit smaller dimensions with respect to the
EPZ of complete ejaculates (EE and AV); morpho-
metric parameters vary between animals. However,
given the variability of the parameters studied, more
studies are required to understand the implications
of morphometric diversity on sperm function.
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