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ABSTRACT.- Sousa P.C,, Santos E.A.A,, Silva A.M., Bezerra J.A.B., Souza A.L.P, Lima G.L., Oli-
veira M.F. & Silva A.R. 2016. Identification of ultrastructural and functional damages in
sperm from six-banded armadillos (Euphractus sexcinctus) due to cryopreservation.
Pesquisa Veterindria Brasileira 36(8):767-774. Laboratory of Animal Germoplasm Conser-
vation, Universidade Federal Rural do Semi-Arido, BR-110 Km 47, Presidente Costa e Silva,
Mossord, RN 599625-900, Brazil. E-mail: legio2000@yahoo.com

The aim of the study was to cryopreserve the semen of six-banded armadillos (Euphractus
sexcinctus) in Tris-yolk and glycerol diluent, and to determine the damage caused by the freez-
ing-thawing process, using fluorescent markers and ultrastructural analysis. Semen samples
(n=11) collected from 4 adult six-banded armadillos by electroejaculation were cryopreserved
in Tris diluent plus 20% egg yolk and 3% glycerol, in a fast freezing curve. Classical analysis
of samples was performed after dilution, refrigeration and thawing, followed by fluorescence
analysis, using a combination of fluorescent probes to assess membrane integrity (propidium
iodide - PI and Hoechst - H342), and mitochondrial activity (CMXRos - Mito Tracker Red®).
We also used the ultrastructural analysis to verify possible morphological alterations caused
by cryoinjuries. When compared with fresh samples, we verified a significant decline in all the
armadillos’ semen parameters after thawing, in which only 6.1% motile sperm were found.
However, the percentage of sperm which remained with viable (13%) and functional (24.7%)
membranes after thawing suggests that some cells could be live but immotile. Analysis using
fluorescent markers revealed that the mitochondria of armadillos’ sperm is highly sensible to
the freezing protocol and the findings through ultrastructure analysis proved this statement.
Additionally, the images obtained by transmission electron microscopy revealed that frozen-
thawed sperm presented damaged plasma membrane, nuclear modifications as changes in
chromatin and acrossomal changes relative to sperm capacitation. In conclusion, this study is
the first attempt to cryopreserve the semen of an armadillo species, and to help us to identify
critical points on the freezing-thawing procedure in order to improve the protocol.

INDEX TERMS: Ultrastructural and functional damages, sperm, six-banded armadillo, Euphractus sex-
cinctus, cryopreservation, Xenarthras, semen, membrane integrity, mitochondrial activity, ultrastructure.

RESUMO.- [Identificacdo de danos ultraestruturais e
funcionais em espermatozoides de tatus-peba (Eu-
phractus sexcinctus) oriundos da criopreservacio.] O
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objetivo deste estudo foi criopreservar o sémen de tatus-pe-
ba (Euphractus sexcinctus) em diluente Tris-gema e glicerol,
e determinar os danos causados pelo processo de conge-
lagdo-descongelacao, utilizando marcadores fluorescentes
e andlise ultraestrutural. As amostras de sémen (n=11)
coletadas de 4 tatus-peba adultos por eletroejaculacdo fo-
ram criopreservadas em diluente Tris acrescido de 20% de
gema de ovo e 3% de glicerol, em curva rapida de conge-
lagdo. A andlise classica das amostras foi realizada apds a
diluicdo, refrigeracdo e descongelacdo, seguida por analise
de fluorescéncia, utilizando uma combinacio de sondas flu-



768 Patricia C. Sousa et al.

orescentes para avaliar a integridade da membrana (Iodeto
de Propidio - PI e Hoechst - H342), e a atividade mitocon-
drial (CMXRos - Mito Tracker RED®). Foi também utilizada
a analise ultraestrutural para verificar possiveis altera¢des
morfologicas causadas pela crioinjuria. Quando compara-
das com as amostras a fresco, verificou-se uma queda sig-
nificativa em todos os parametros seminais dos tatus apos
a descongelacdo, em que apenas 6,1% de espermatozoides
moveis foram encontrados. No entanto, o percentual de
espermatozoides que permaneceu com membrana vidvel
(13%) e funcional (24,7%) apds a descongelacdo sugere
que algumas células podem estar vivas, mas imoveis. Ana-
lises utilizando marcadores fluorescentes revelaram que as
mitocondrias dos espermatozoides de tatus sdo altamente
sensiveis ao protocolo de congelagdo e os achados através
da andlise ultraestrutural comprovaram esta afirmacao.
Além disso, as imagens obtidas por microscopia eletronica
de transmissdo revelaram que espermatozoides congela-
dos-descongelados apresentaram membranas plasmaticas
danificadas, modificacdes nucleares como altera¢cdes na
cromatina, e alteragdes acrossomais relativas a capacitacao
espermatica. Em conclusao, este estudo é a primeira tenta-
tiva de criopreservacdo de sémen em uma espécie de tatu,
e nos auxiliou a identificar pontos criticos no processo de
congelacdo-descongelacio, a fim de melhorar o protocolo.

TERMOS DE INDEXACAO: Danos ultraestruturais e funcionais,
espermatozoides, tatu-peba, Euphractus sexcinctus, criopreser-
vacdo, Xenartra, sémen, membrana, mitocondria, ultraestrutura.

INTRODUCTION

From the 38 species of mammals belonging to the Xenar-
thra order, at least nine are vulnerable or endangered, such
as armadillos from the genus Tolypeutes and the giant ar-
madillo (Priodontes maximus) (IUCN 2016). However, the
six-banded armadillo (E. sexcinctus), a Dasipodidae family
member, has been classified as a species of stable and not
threatened population (IUCN 2016), and can be used as an
ideal experimental model to develop reproductive biotech-
nologies for other threatened species of the same group.
However, studies related to physiology and biotechnology
of reproduction in armadillos and other species of Xenartra
order are scarce and limited to the characterization and the
classical analysis of in natura semen (Heath et al. 1987, Pe-
res et al. 2008, Serafim et al. 2010, Santos et al. 2011, Luba
etal. 2015).

Semen cryopreservation appears as a strategy of great
importance for breeding and maintenance of genetic diver-
sity in wildlife, and provides a long-term genetic pool for
animal germplasm banks, currently an important part in
many wildlife conservation programs (Pukazhenthi et al.
2006). This process starts from the preservation of sperm
in extenders containing buffer system, energy substrate,
phospholipids and cryoprotectants in appropriate concen-
trations to maintain the quality and the fertilizing capacity
of these cells for long periods (Hoe et al. 2001). Meantime,
cryopreservation can cause serious damage to sperm be-
cause of the influence of several factors, such as brusque
temperature changes, the occurrence of osmotic stress, the
toxicity due to exposure to cryoprotectants and the forma-
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tion of intra and extracellular ice crystals (Medeiros et al.
2002).

To determine and identify such cryoinjuries, different
sperm assessment techniques are used. Conventionally, the
sperm motility and morphologic analysis are used as quick
tests for semen samples. However, they do not show alte-
rations when the morphological defects are expressed in a
nanometer scale (Crespilho et al. 2006), which are revealed
by electron microscopy. Even with the advances of this te-
chnique, there is little data regarding the damage induced
by the cryopreservation in sperm ultrastructure, and most
of them are directed to domestic animals (Silva et al. 2009).
With regard to wildlife, these studies are even more rare
(Sa-Adrit et al. 2006).

Although damage on the sperm morphology is most
apparent during semen cryopreservation, the physical stress
on sperm membranes is seen as a major limiting factor (Pes-
ch & Bergman 2006). Based on this aspect, great emphasis
has been given to the use of fluorescent markers that show
specific cellular structures and clearly detect the structural
and functional integrity of sperm (Celeghini et al. 2007).

Given the importance of semen cryopreservation for the
conservation of wild species, this work represents a first
step towards implementing a germplasm bank facing the
preservation of genetic material from Xenarthras. Thus,
our aim was to cryopreserve, for the first time, the semen
of six-banded armadillos (E. sexcinctus) in tris-yolk and
glycerol-based diluent, and determine the main cryoinju-
ries caused by this process using fluorescent markers and
ultrastructural analysis.

MATERIALS AND METHODS

All experimental protocols and animal care procedures were ap-
proved by the Ethics Committee of the Federal University of the
Semi-arid (UFERSA) (Process n°. 23091.002754/2011-99). All re-
agents were obtained from Sigma-Aldrich, Co, St Louis, MO, USA,
except when mentioned.

Animals. Four mature, male six-banded armadillos were used
for the study. The animals weighed 3.25+0.2 kg and were sexually
mature, aging about 1.5 years old. They were previously captured
from their natural habitat and kept in captivity for 1 year before
the start of the experiment. They were housed in individual cages
used in the Center for Multiplication of Wild Animals (CEMAS/
UFERSA), located in the northeast of Brazil (Mossoro, RN, Brazil;
5°10’S and 37°10’W; temperature range, 27-29°C), under 11h of
natural photoperiod conditions. They were fed dog chow pellets
and fruits once daily, with ad libitum access to water.

Semen collection. For semen collection, each armadillo was
submitted to three sessions of electroejaculation on a 15-30 days
interval. The animals were mechanically restrained with the aid
of suitable gloves. A pre-anesthetic medication was administered
using xylazine 1mg/kg (Sedomin®, Konig SA, Buenos Aires, Ar-
gentina) and ketamine 7mg/kg (Ketamine Injection®, Vetnil, Sao
Paulo, Brazil) intramuscularly, then the maintenance of anesthetic
plan was achieved via the intravenous administration of propofol
5mg/kg (Propovan®, Cristalia, Fortaleza, Brazil) (Amorim et al.
2011). The animals were placed in dorsal recumbency, and their
pubic region cleaned. The same electroejaculation procedure was
used for all animals and lasted approximately 15 min. An electroe-
jaculator (Eletrojet®, Eletrovet, Sdo Paulo, SP, Brazil) connected to
a 12 V source, was used to deliver three stimulation cycles, having



Identification of ultrastructural and functional damages in sperm from six-banded armadillos (Euphractus sexcinctus) due to cryopreservation 769

5 min interval between successive cycles. The first cycle consisted
of 10 stimuli of 2, 3, and 4mA, in succession; the second was 10
stimuli of 3, 4 and 5mA, sequentially; and the third was 10 stimuli
of 5 and 6mA (Serafim et al. 2010). The electroejaculator probe
measured 12.5cm (length) and 1.0cm (diameter) and contained
two longitudinal electrodes. About 8cm of the probe was inserted
into the rectum of each armadillo. Semen was collected in plastic
tubes and immediately evaluated.

Semen evaluation. The semen color and aspect were noted.
Micropipettes varyng from 5 to 200puL were used to measure the
semen volume. Sperm motility (percentage of total motile sperm;
evaluated in increments of 5%) and vigor (strength of the sperm
flagellum beating; 0-5 scale) were assessed immediately, using
light microscopy (Eclipse E200, Nikon, Melville, NY, USA) under
100x and 400x magnification. Eosin-nigrosin stained smears were
prepared with 5pL of semen (1:1) to evaluate the sperm viability.
To determine sperm concentration, an aliquot of 10uL of semen
was diluted in formolized solution (10%) buffered (1mL) and ob-
served in a Neubauer chamber. Sperm’s functional integrity was
analyzed by the hypoosmotic swelling test, using an aliquot of 5pL
of semen in 45ul of distilled water (50mOsm/L) as the hypo-os-
motic solution, then 200 cells were counted (Santos etal. 2011).

Cryopreservation of semen. Each sample of fresh semen was
diluted with Tris [Tris-hydroxymethyl aminometane, 3.028g, citric
acid monohydrate 1.78g and D-fructose 1.25g], plus 20% egg yolk
(Sousa et al. 2014). Samples were cooled for 40 min in a 5 L iso-
thermic box (Isoplast®, Fortaleza, CE, Brazil), at 15°C, and further
transferred to an incubator (Quimis®, Diadema, SP, Brazil) for 30
min to reach 4°C, being evaluated at this moment. Then, samples
were added to Tris-egg yolk plus 6% glycerol, resulting in a final
concentration of 3% glycerol in extender. Final diluition resulted
in a sperm concentration of 150x10° sperm/ml. Samples from the
same animal were packed into 0.25mL plastic straws (IMV - Tech-
nologies®, L Aigle France), which were frozen in nitrogen (N,) for
storage (Silva et al. 2011). After 1 week, the straws of each animal
were thawed on a water bath, at 37°C for 1 min and re-evaluated.

Analysis by fluorescent probes. Immediately after dilution
and thawing, a semen aliquot (10pL) was incubated at 34°C for
10 min in a solution composed of the following combination of
fluorescent probes: 2uL Propidium lodide (PI); 0.5mg/ml NacCl
at 0.9%; 5pL; CMXRos (Mito Tracker Red®, Molecular Probes,
F-7512) at 500nM (dilution of 50ug in 94uL of DPBS); and 3uL
Hoechst 342 (H342) (diluted at 25mg/mL in DMSO), according
to the methodology described by Celeghini et al. (2007). Next,
the samples were evaluated with an epifluorescence microscope
(Episcopic Fluorescent Attachment “EFA” Halogen Lamp Set,
Leica, Kista, Sweden), and 200 spermatozoa (per sample) were
evaluated for the plasma membrane integrity using PI/H342
association and for mitochondrial membrane potential through
CMXRos. Sperm heads marked in blue (H342) were considered to
have intact membrane and those totally or partially marked with
red (PI) were considered to be not intact; region of the midpiece
marked in red was considered as presenting mitochondrial activ-
ity (Celeghini et al. 2007).

Morphological analysis. The sperm morphological analysis
was conducted on semen smears stained with Bengal Rose, and

200 cells/slide were observed through light microscopy under
magnification of 1000x (Sousa et al. 2013). For ultrastructural
analysis, two pools comprised of a semen sample from each an-
imal were used; one of the pools was of fresh samples and the
other, thawed. Each pool was centrifuged at 800g for 10 min. Pel-
lets were fixed using a slightly modified Karnovsky (1965) solu-
tion, containing paraformaldehyde 2% and glutaraldehyde 2% in
phosphate buffer 0.1 M pH 7.4 (PB-Sigma Co®, St Louis, United
States) and held at 4°C. Fixed samples were washed in phosphate
buffer, then post-fixed with osmium tetroxide 1%, dehydrated in
propylene oxide, and embedded in eponresin (Embed 812, Elec-
tron Microscopy Sciences, Hatfield, United States). Ultra fine sec-
tions (60-70nm) were manually stained with uranyl acetate and
lead citrate. Random fields were examined by a transmission
electronic microscope (JEOL 1010, Japan) and photographed for
further analysis and description.

Statistical analysis. The results were expressed as Mean *
Standard Error (SE) and analyzed using the StatView® 5.0 soft-
ware for Windows (SAS Institute Inc., Cary, USA). Data were
checked for homoscedasticity through Levene’s test. Then the
data were subjected to angular transformation in arcsine, except
for data concerning sperm vigor. The effect of the individual and
the cryopreservation on semen parameters was checked at using
the Fisher PLSD test (P<0.05); except on the vigor that was veri-
fied by the Mann-Whitney test (P<0.05).

RESULTS

Each armadillo ejaculated three times, except one that
failed in one occasion. On a total, eleven ejaculates were
obtained and used for the experiment. The six-banded ar-
madillos’ ejaculates showed white color with translucent
appearance, alkaline pH, always with value close to 9, and
high viscosity. The ejaculates presented 410+86.5mL with
a concentration of 139.58+33x10°sperm/mL. We observed
a marked individual variation among animals in terms of
their fresh semen characteristics (Table 1). In such analy-
sis, we often observed sperm aggregated head-head (roule-
aux formation), which persited even after dilution.

The chilling procedure provoked a significant reduction
on the percentage of motile sperm, which intensified after
thawing (P<0.05). However, the sperm vigor, vability and
osmotic response were only negatively affected (P<0.05)
after thawing (Table 2). In addition, the analysis through
fluorescent probes (Table 3) revealed the damage to plas-
ma membrane and mitochondrias caused by cryopreser-
vation and the thawing procedure, when compared with
values found for dluted semen (P<0.05). The response of
sperm from six-banded armadillos submitted to an associa-
tion of fluorescent markers can be seen in Figure 1.

Regarding the morphological analysis of sperm under
light microscopy (Table 4), there was a decrease in the per-
centage of normal cells from the fresh semen to the colled
and thawing samples (P<0.05). Through ultrastructural

Table 1. Mean ( SE) values for seminal parameters of fresh semen (in natura) from
six-banded armadillos (E. sexcinctus) (n = 11 ejaculates)

Semen Parameters Animal 1 Animal 2 Animal 3 Animal 4 Overall
(n=3) (n=3) (n=3) n=2)
Concentration (x106 sperm/mL) 58.3+24.5°  160+36°  173.3+86.5® 166,6+100.8® 139.58+33"
Volume (pL) 183+72.6  775+225° 333+120.2< 500+£204.3""  410+86.5¢

abed Among columns, means without a common superscript letter differ (P<0.05).
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Table 2. Mean (+ SE) values for seminal parameters of six-banded armadillos (A) sperm during
different steps of cryopreservation

Semen Parameters Step Individuals
Al A2 A3 A4 Overall
Motility (%) Fresh 91.6 + 1.6%  86.6 + 3.34 81.6+10.44" 755+ 5% 845 +2.54P
Cooled 43.3+14.5% 48.3+19.648 33.3+6.6% 8154 49.5+8.28
Frozen/thawed 2 +1.2¢ 10 £108® 11.6 £ 6% 1+18 6.6 +3.18%
Vigor (0-5) Fresh 1.6 £0.3% 1.6 £0.3% 1+0% 1+0% 1.3 +0.14%
Cooled 1+0M 1.3+0.3% 1.3 +£0.3% 2+ 1M 1.3+0.2%
Frozen/thawed 0.6 +0.38 0.3+0.3% 0.6 +0.382 0.3+0.3% (0.5+0.2%
Viability (%) Fresh 58.3+£5.2% 52.6+4.1% 66.3+3.2%  76.5+10.5% 61.5+3.24
Cooled 57+14.9% 51.6+11,8% 37.3+14.8%  82.5+9.54  54.8+8.2%
Frozen/thawed 5.6+1.35 29+18.5% 9.6+1.75 5.5+3.5%  13.1£5.4%
Osmotic response (%) Fresh 64.5+6.54 86+4.24 50.3£10.742  74.5+10.5% 64.37+6.4%2
Cooled 34.3+8.28 39428 45.6+6.4A% 52+10%  42.2+3.8A%
Frozen/thawed 26.3+6.38 41.3+12.4 21+9.58 10.3+£5.8%  24.7+8.6%

ABC Among lines, different superscript capital letters indicate significant differences among fresh, cooled and post-tha-
wing samples for each individual and the overall values (P < 0.05);
¢ Among columns, for the same parameter within the same treatment. Means without a common superscript letter

differed between themselves (P < 0.05).

Table 3. Mean ( SE) values for integrity of the membranes and mitochondrial function identified
through fluorescence analysis in six-banded armadillo (A) (E. sexcinctus) sperm after
dilution and thawing

Semen parameters Step Individuals

Al A2 A3 A4 Overall
Membrane integrity and Diluted 32.5+#1.5%  32.3%3.5%  29.3+4.4 28+9% 30.6+24
active mitochondria (%) Frozen/thawed (s 0Ba 4.6 +2.6%°  2.5+258 1.9+£18
Membrane integrity and Diluted 1.5+£1.5% 1.0+1 4 1.0+0.6% 1.5+1.5% 1.2+0.4%
unable mitochondria (%) Frozen/thawed 10 + 48 6.6 +5.28  2.6+1.4% 4.5+34ab 5.7+1.88a
Membrane not functional Diluted 0 0 0 0 0
and active mitochondria (%)  Frozen/thawed 0 0 0 0 0
Membrane not functional Diluted 66+34 66.3+4.3%  71.6%2.6"*  70.5+7.5% 68.8+1.94
and unable mitochondria (%) Frozen/thawed 90 + 48 93.3+5.28 91.6+1.28¢ 95326 92.1+1.6%

ABC Among lines, different superscript capital letters indicate significant differences among fresh, cooled and post-tha-
wing samples for each individual and the overall values (P < 0.05);

¢ Among columns, for the same parameter within the same treatment. Means without a common superscript letter
differed between themselves (P < 0.05).

Fig.1. Plasma membrane integrity and mitochondrial activity of cryopreserved sperm from six-banded armadillos (Euphractus sexcinc-
tus) assessed by the association of fluorescent H3342 /1P /Mito Traker Red® markers. (A) Sperm marked in blue with Hoechst 3342
fluorophore (H-342) and fluorescent midpiece in red, stained with Mito Traker Red® indicate, respectively, plasma membrane inte-
grity and presence of mitochondrial activity. The arrow indicates sperm with intact plasma membrane, but without mitochondrial
activity. (B) Sperm marked in red with propidium iodide (PI), indicating membrane damage and marked in blue with H-342, indi-
cating membrane integrity, but does not exhibit midpiece by fluorescent red Mito Traker Red®, indicating absence of mitochondrial
activity. (C) Sperm in “rouleaux”, with intact plasma membrane and mitochondrial activity. 400x.

analysis (Fig.2 and 3), it was found that fresh sperm plasma
membranes presented a slightly wavy aspect, with acro-
somal membranes well preserved and defined (Fig.2A).
In the region of the midpiece, we observed well preserved
mitochondrial sheaths and juxtaposed mitochondria, with
internal ridges immersed in a dense and uniform matrix
(Fig.3A,C). In contrast, the spermatozoa subjected to cryo-
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preservation exhibited ultrastructural changes characteri-
zed by abnormal appearance of the head (Fig.2E), disten-
sion and rupture of the plasma membrane (Fig.2D) (Fig.3E),
presence of vesicular formations in the region adjacent
to the inner acrosomal membrane (Fig.2B E) and enabled
acrosome (Fig.2C). In addtion, cryopreserved samples
presented altered midpieces, characterized by abnormal
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Table 4. Mean (* SE) values for the morphological analysis of
sperm from six-banded armadillo (E. sexcinctus) at different
steps of cryopreservation

Sperm characteristics (%) Fresh Cooled Post-thawed
Normal sperm 78+2.8% 69.4+2.5° 53.1+£3.8¢
Tail defect
Coiled tail 6.8+12 9.4+0.9% 12.4+1.1¢
Bent coiled tail 5+1.0% 6.4+0.8° 8.2+0.8°
Broken tail 1.4+0.3? 1.2+0.4° 4.2+1.6°
Other tail defects 1.3+0.3? 1.5+0.5° 1.6+0.8*
Midpiece
Reflex midpiece 1.9+0.4° 3.8+1.02 2.9+0.9?
Broken midpiece 0.3+0.2° 1.3+0.7° 2.4+1.27
Thick midpiece 0? 0.1+0.1° 0?
Head defect
Macrocephaly 0.1+0.1° 02 02
Microcephaly 0.5+0.3° 0.3+0.1° 0.3+0.1°
Abnormal head 1.6+0.4° 1.5+0.5° 44+1.1°
Detached head 2.4+0.9% 3.4+0.9% 6.9+2.47

ab¢ Among columns, means without a common superscript letter differed
between themselves (P < 0.05).

mitochondria, with amorphous aspect, disorganized mito-
chondrial ridges, and heterogeneous matrix (Fig.3B,D,E).
However, it should be noted that despite the higher inci-
dence of damage in frozen-thawed sperm, we also observed
some preserved sperm in cryopreserved samples.

DISCUSSION
To facilitate the application of biotechniques for the conser-
vation of gametes, protocols employed in individuals of the
same taxon can be used as reference, because these animals

D “$\"i.. ‘\ ’\ * - -

Fig.2. Electron microphotography of the sperm head region obtained from fresh-diluted semen samples (control group) and frozen-tha-

wed samples from six-banded armadillos (Euphractus sexcinctus). (A) Normal sperm (control group) with slightly ondulating plasma

membranes, and well defined limits between the nucleus and the acrosome. (B) Sperm presenting electrolucent points between the

nucleus (Nu) and inner acrosomal membrane (red arrows). (C) Undefined acrosome membrane, indicating sperm capacitation. (D)

Longitudinal section of cryopreserved sperm showing disruption and vacuolization of the plasma membrane; (E) deformation of the
sperm head (falciform), with apparent nuclear damage (arrow) adjacent to qualified acrosome (capacitation).

lpm EE-r(‘. ;«

show similar morphological, genetic and ecological charac-
teristics (Hickman Jr. et al. 2004). On a recent study deve-
loped by our team, we demonstrated that a Tris extender
is more effective in maintaining armadillo’s sperm viability
for 120 min at 34°C than a coconut water extender (Sousa
et al. 2014). For this reason, we chose the Tris as the dilu-
ting medium for this first attempt on armadillos’ sperm fre-
ezing. However, due to the absence of any information rela-
ted to the use of sperm cryopreservative techniques for any
Xenartra species in current scientific literature, we decided
for using a protocol previously stablished for other wild
mammals, such as the agoutis (Dasyprocta aguti) (Silva et
al. 2011). Moreover, nothing was known about the rela-
tionship between morphofunctional sperm parameters and
fertilization ability in six-banded armadillos. The majority
of studies that tests the application of reproductive biote-
chniques in mammals usually highlights the sperm motility
and membrane integrity as the main parameters to assess
sperm freezing techniques (Silva et al. 2009), reason why
we focused the present study in analyzing these parameter.

In the present study, a decline in the quality of
armadillo’s frozen-thawed samples was evident, with
sperm motility decreasing from 79% in fresh samples to
values close to 49% and 10% after chilling and thawing,
respectively. Similarly, Amorim et al. (2012) had previous-
ly demonstrated that six-banded armadillo’s sperm is very
sensible to low emperatures, even if diluted in Tris or ACP®
extenders for storage at 5°C. In a recent study, Luba et al.
(2015) also verified a rapid decline in the quality of giant
anteater sperm after dilution in a commercial extender
(Botucrio®, Botupharma Ltda, Botucatu, SP, Brazil) under

2 um
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o

men samples (control group) and frozen-tha-

wed semen samples from six-banded armadillo (Euphractus sexcinctus). (A) Tangential/longitudinal section of the midpiece of the
sperm showing normal mitochondria with ridges inserted in homogeneous matrix (control group). (B) Tangential /longitudinal sec-
tion the midpiece of frozen-thawed sperm containing damaged mitochondria with heterogeneous matrix (arrows). (C) Cross section
of the sperm midpiece, showing normal and well-defined mitochondria (control group). (D) Cross section of the sperm midpiece,
showing cryoinjuries to mitochondria (arrows). (E) Mitochondrial sheath (MS) with a heterogeneous matrix along the whole mid-
piece (MP), and discontinuity of the membrane (arrow) in the neck region (*).

storage at 5°C for 18h. Such studies lead us to hypothesize
that Xenatras would present a low resistance to the cold
shock. In fact, some species present a high sensibility to the
temperature reduction, which is proportional to the refri-
geration rate, temperature range and temperature limit.
Consequently, this phenomenon can induce a lethal stress
in some cells, causng the rupture of plasma membrane
with loss of spem cations and enzymes, thus irreversibly
reducing its motility and metabolic activity (White 1993).
On the other hand, the sperm from certain species are very
resistant to thermal shock, because they typically present
a stabilized plasma membrane containing a high choleste-
rol concentration (Kirk et al. 2001). Additionally, Parks &
Lynch (1992) hypotethize that some sperm can present a
high resistance to rapid cooling, this being probably rela-
ted to the glycolipid components of the sperm membrane.
Concerning this matter, there are studies that correlate
certain proteins and glycoproteins, present in bodily flui-
ds, to the maintenance of cell viability at low temperatu-
res (Bouvet & Ben 2003, Davies et al. 2002). Therefore, it
is likely that the vulnerability of gametes subjected to cold
temperatures, found in certain species, like armadillos, is
associated to low concentrations or absence of such speci-
fic substances. Although the molecular action mechanism
of these components is not yet conclusive, we know that
their effects on sperm preservation are directly proportio-
nal to their concentration in the media. Furthermore, the
addition of penetrating cryoprotectants, like glycerol, can
exacerbate the disequilibrium in sperm homeostasis pre-
viously caused by refrigeration (Holt 2000). Based on these
statements, the present study evidences that cooling is a
critical step for the armadillos’ sperm during freezing pro-
tocols, which highlights the need for testing other buffering
systems, cryoprotectants and equilibrium time.
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Besides cooling, the freezing-thawing step provokes an
even more significant reduction on armadillos’ sperm qua-
lity, evidenced by very low post-thawing sperm motility
(6%). In fact, the main damages on cells usually occur du-
ring this step, which can provoke destabilization and even
rupture of the membranes and loss of intracellular com-
ponents, such as metabolic enzymes and ATP, with subs-
tantial loss of sperm viability (Bailey et al. 2003). However,
the percentage of sperm that remained with viable (13%)
and functional (24.7%) membranes after thawing was hi-
gher than that presenting some motility (6.1%), suggesting
that some armadillos’ sperm could be live but immaotile.
This indicates that the motility does not necessarily reflect
the sperm viability, a fact considered by Sa-Ardrit et al.
(2006) who mentioned the non-occurrence of pregnancy
in elephants artificially inseminated with thawed semen
samples, even if those showed acceptable levels of sperm
motility.

The plasma membrane is the primary site of injury in
cryopreserved sperm (Parks & Graham 1992); however, the
increase in the proteins concentration of in the media can
augment the stability of the sperm membrane, reducing the
chances of alterations induced by refrigeration (DeLeeuw
et al. 1990). Concerning this, the addition of egg yolk to the
extender may have improved the resistance of the plasma
membrane in some armadillos’ sperm during the freezing-
-thawing step. The egg yolk’s action derives from its low-
-density protein (LDL) that increases sperm resistance to
thermal shock, and enhances the plasma membrane inte-
grity (Moussa et al. 2002).

Although most semen cryopreservation protocols deve-
loped for mammals consider glycerol as a standard cryo-
protectant (Watson 2000, Silva et al. 2003), its toxicity can
promote osmotic changes that can affect the fluidity and
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the functional properties of plasma membranes during co-
oling, freezing and thawing (Holt 2000). This may be one of
the reasons for the high incidence of post thawing non-via-
ble sperm found for armadillo semen. However, we empha-
size that this is only the first attempt of cryopreserving the
armadillos semen, and the search for the appropriate con-
centration of an adequate cryoprotectant are still required,
mainly considering that the ideal type and concentration
of cryoprotectants for freezing sperm varies among species
(Holt 2000).

Regarding the armadillos’ sperm analysis at using flu-
orescent probes, we were unable to properly analyse the
fresh sperm, because that the high viscosity of its seminal
plasma do not allows the penetration of the fluorophores.
In fact, an old study had yet revealed that armadillo sperm
surface present some difficulties in incorporate fluorescent
markers (Bedford & Millar 1978). In this sense, a diluted
sample was used as the control for the experiment, once
extender promoted the reduction in medium viscosity and
allowed the sperm rolleaux dissolution (Sousa et al. 2014),
thus allowing the interaction among sperm membrane
surface and fluorophores. This technique revealed that the
mitochondria of the six-banded armadillo’s sperm seems
to be very sensible to the cryoinjuries, and this statement
corroborates to the findings derived from the transmission
electron microscopy. The mitochondrial dysfunction with
reduction in ATP production may be responsible for de-
creased sperm motility, generally observed after thawing
(Medeiros et al. 2002). At the same time, there are reports
affirming that after the rupture of mitochondrial membra-
nes, there is a release of pro-apoptotic factors (Ravagnan
et al. 2002), which can cause irreparable structural and
functional damage when moving to other sperm compart-
ments (Martin et al. 2004). On the other hand, a few amout
of armadillos’ sperm presenting intact membranes even in
the absence of mitochondrial activity was observed, which
lead us to infer about the gradual effect of the pro-apoptotic
factors after their release.

The main morphological alterations observed in six-
-banded armadillo semen are secondary defects, and in
general, their proportions increase after the refrigeration
step, certainly due to thermal shock and osmotic stress
caused by cryopreservation procedures (Seager 1986).
To prevent the formation of ice crystals, glycerol promo-
tes the removal of intracellular water, and consequently,
cell shrinkage and greater ion influx. During thawing, as a
reverse effect, water inflow occurs, which may cause rup-
ture of the membrane (Holt 2000) similarly to what was
demonstrated in this study by ultrastructural image.

Abnormal shapes of the head of the six-banded arma-
dillo sperm can also be attributed to the cryopreservation
process due to damage to the cytoskeleton components,
which are housed in the narrow spaces between the acro-
some and the nucleus, and between the acrosome and the
plasma membrane (Eddy & O’Brien 1994). According to
Watson's review (2000), there are some elements of the
spermatic cytoskeleton, which are sensitive to tempera-
ture changes and can be depolymerized. Furthermore, we
observed that acrosomal damage increased significantly

during cooling and freezing. Nevertheless, we noted high
percentages of sperm with an intact acrosome, similar to
what was observed in canine semen (Pefia et al. 1998).
The acrosomal injuries of cryopreserved sperm observed
in this experiment are characterized mainly by premature
sperm capacitation. The F-actin depolymerization is one
of the steps necessary to allow the approach between the
plasma membrane and the outer acrosome membrane,
promoting the acrosome exocytosis. This, perhaps, may be
one explanation for the disorganized fusion of the mem-
branes after refrigeration and cryopreservation of sperm
(Watson 2000). This type of damage is probably derived
from the occurrence of intracellular crystallization during
the cryopreservation process. These are clearly identified
by ultramicroscopy, but not always easily visible from ob-
servations with light microscopy. This fact may explain
the low percentage of acrosomal abnormalities in thawed
sperm samples from six-banded armadillos after the classic
analysis of sperm morphology.

An interesting observation when analyzing the electro-
nic ultramicrographies of armadillos’ frozen-thawed sperm
was the presence of damage on chromatin located adjacent
to the acrosome, similarly as described for koalas (Johns-
ton et al. 2012). This kind of chromatin damage usually be-
gins in the periacrossomal and basal regions of the sperm
and subsequently expand to other regions of the nucleus
during cryopreservation.

For domestic animals as equines (Thurston et al. 2002)
and swines (Roca et al. 2009), whose studies on the eva-
luation of post-thawing sperm viability are intensely de-
veloped, one of the major limitations for the use of frozen
semen is the individual variability to sperm freezeability.
Similarly, a variable resistance to cryoinjuries was found
among different armadillos used in present study. There-
fore, it is pertinent to consider individual variation as an
important characteristic for development of an appropria-
te protocol for semen cryopreservation in this species.

CONCLUSIONS

We described the initial attempt to cryopreserve the
six-banded armadillos’ (Euphractus sexcinctus) sperm.

Despite the fact that the results obtained in this study
are consistent, we observed a high frequency of cryoinju-
ries in sperm, which could harm their fertilizing capability.

We highlight that this initial study is essential to impro-
ve the protocols for the cryopreservation of the six-banded
armadillo’s semen, because we monitored the response
and behavior of the armadillos’ sperm during the procedu-
re, which allow us to identify critical points of the chilling-
-freezing-thawing process.

Additionally, the genetic material derived from the pre-
sent assay is now available to the formation of germplasm
banks, and could be gradually adapted for endangered ar-
madillos’ species as the three-banded (Tolypeutes sp.) and
the giant (P maximus) armadillo.

As an audacious step, these cryopreserved samples
could also be used in assisted techniques focused on stu-
dying the physiology of the oocyte-sperm cell interactions
in this species.
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