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Abstract
Ambystoma mexicanum is in danger of extinction in free-living, due to anthropogenic actions; sperm

cryopreservation for captive breeding can help in its ex-situ conservation. This research aimed to identify
the viability of fresh and post-thawing sperm from different spermatophores. During the breeding season,
spermatophores releasing was induced in nine specimens by reducing water temperature. The mean
concentration per spermatophores was 2.6 + 0.6 x104 sperm. A reduction of 30 % of living sperms and an
increase of 15 % of abnormal morphology were determined in fresh and post-thawing sperm. With the WGA
and PNA lectins bounded to FITC, two different fluorescence patterns were determined in each one, which
showed the membrane presence and distribution of N-acetyl glucosamine, sialic acid, and mannose
respectively. Sperm percentages in each fluorescence pattern showed differences associated with the
number of spermatophores in each release. Differences in sperm viability from releases with different
numbers of spermatophores were determined. The sperm collection and cryopreservation protocol of A
mexicanum were efficient as tools for using cryopreserved semen for ex situ reproduction.

Keywords: Amphibian, conservation, spermatophore, urodele.

Resumen
El Ambystoma mexicanum se encuentra en peligro de extinciébn en vida libre, debido a efectos
antropogénicos; la criopreservacion espermatica para su reproduccidn en cautiverio, puede ayudar a su
conservacion ex situ. El objetivo de esta investigacion fue identificar la viabilidad en fresco y post
descongelacion de espermatozoides provenientes de diferentes espermatéforos. Durante la temporada
reproductiva se indujo en nueve ejemplares, la liberacién de espermatéforos mediante la reduccion de la
temperatura del agua. La concentracion promedio por espermatoforo fue de 2.6 + 0.6 X104
espermatozoides. Se determind en espermatozoides en fresco y post descongelacién, una reduccion del
30% de espermatozoides vivos y un incremento de 15 % de morfologia anormal. Con las lectinas WGA y
PNA, unidas a FITC, se determinaron dos patrones de fluorescencia distintos con cada una, lo cual
evidencio la presencia y distribucibn membranal de N-acetil glucosamina, acido sialico y manosa
respectivamente. Los porcentajes de espermatozoides con cada patron de fluorescencia mostraron
diferencias asociadas al numero de espermatéforos de cada liberacion. Se determinaron diferencias en la
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viabilidad de espermatozoides obtenidos de liberaciones con diferente nimero de espermato6foros. El
protocolo para la obtencién y criopreservacion espermatica de A mexicanum, fue eficiente como
herramienta para utilizar semen criopreservado para su reproduccion ex situ.

Palabras clave: Anfibio, conservacion, espermatéforo, urodelo.

INTRODUCTION

The decrease in amphibian populations has led them to extinction in severe cases, the
main causes are pollution, modification of their habitat, the introduction of invasive exotic
species and diseases (Catenazzi, 2015; Jiménez et al., 2017; Tietje and Rdodel, 2018).
Currently, the International Union for the Conservation of Nature (IUCN, 2020). Indicates
than more than 85% of amphibian species of Mexico are in risk, due to this situation, most
of species of Ambystoma genre in wildlife, at present it has been chosen to reproduce
them in laboratory conditions (Mendoza, 2012; Khattak et al., 2014; Jiménez et al., 2017).
Specifically Ambystoma mexicanum is included in NOM-059-SEMARNAT- 2010 as an
endangered species (NOM-059-ECOL, 2010).

Ex situ reproduction using cryopreserved semen is an assisted reproduction tool in
captivity that can contribute to the Ambystoma mexicanum’s conservation, besides to help
the increase its genetic variability since most of the cases the threat is in its own habitat
(Clulow et al., 2014; Jiménez et al., 2017). However, before implementing of a spermatic
cryopreservation protocol, it is necessary to know reproductive biology and spermatic
characteristics of species, to achieve greater success (Chester, 2013; Silla y Byrne,
2019).

Nowadays, techniques for obtaining gametes (sperm and ovules) that are carried out in
amphibians are highly invasive, since most of processes require the sacrifice of the
specimen to extract the testes and efferent ducts and proceed to macerate them (Chester,
2013; Shishova et al., 2011). Most of cryopreservation protocols used in sperm of diverse
amphibian species have been extrapolated from those reported in fish (Comizzoli et al.,
2012) showing variable results between each one. Chester (2013) cryopreserved
complete spermatophores of A mexicanum using sucrose as the main cryoprotector,
reporting 84 % of live spermatozoa after being thawed, however, it was not reported the
parameter of live spermatozoa before its freezing.

It is known that in vitro manipulation of sperm causes alterations in their plasma
membrane, in which the presence of membrane carbohydrates has been described, which
have a role in the recognition between gametes to achieve fertilization (Pelaez et al.,
2011).
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Because of the database on morphological and cryopreservation studies in amphibian
spermatozoa, specifically of the order Urodelo, is limited (Browne and Chester, 2011;
Chester, 2013; Sunny et al., 2014).

The objective of this research was to identify the basic evaluation parameters and
membrane characteristics in spermatozoa from different specimens and spermatophores
from each, to evaluate a cryopreservation protocol that allows maintaining their post-thaw
fertilizing capacity.

MATERIAL AND METHODS

Care and well-being

The axolotl management was carried out in the Center for Biological and Aquaculture
Research of Cuemanco (CIBAC-UAMX) facilities, in accordance with the Management
Plan, authorized by the Ministry of Environment and Natural Resources (SEMARNAT) to
the Unit of for the Management and Conservation of Wildlife (UMA) CIBAC, with
registration DGVS-CR-IN 0952-DF/07/UMA CIBAC.

Accommodation and collection of spermatophores

The axolotls were housed for monitoring for one year individually in 60 L containers, at a
temperature of 18 °C, with a photoperiod of 12 h light and 12 h of darkness. To stimulate
spermatophore release, the males were transferred to a glass container with a capacity
of 700 L of water, which was conditioned with sandy soil and aquatic plants. During
darkness hours, using a 0.25 HP chiller (Artica Resun CL-600), the water temperature
was reduced; in the same way for all specimens from 18 to 14 °C, introducing 3 females
per male. The spermatophores were recovered from the bottom of the container, at the
beginning of the next 12 hours of light.

Spermatophore management and sperm collection

The spermatophores released by each specimen were collected at 5 °C in 2 ml of
Simplified Amphibian Ringer (SAR) medium, composed of 113 mM NacCl, 1mM CacCl, 2.0
mM KCI and 3.6 mM NaHCO, with 220 mOsmol kg*. Spermatozoa were obtained by
placing the spermatophores of each specimen in a 4-well NuncVR box with 0.5 ml of SAR
medium; in the first well, they were washed to remove organic matter residues; In the
second well, the gelatinous material (glycoproteins) was removed to obtain the cap
containing the sperm; in the third well, 0.5 ml of 20% Sodium Hydroxide (NaOH) was used
to soften the cap for 10 min (Taku et al., 2004); in the fourth well with 0.5 ml of SAR
medium, the spermatozoa were extracted by cap maceration. By aspiration, the sperm
were extracted from the supernatant, then they were filtered with a 30 um mesh and the
total sperm were recovered from the spermatophores of each release in an Eppendorf
tube with 500 pl of SAR medium at 5 °C, to make a pool sperm of each release.
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Sperm cryopreservation

Each sperm pool, kept at 5 °C, was adjusted with 6% Dimethylacetamide (DMA), then
0.25 ml straws were filled, to maintain equilibrium for 10 min at 2 °C, then they were placed
at 5 cm on steam of Nitrogen at -76 °C for 15 minutes and subsequently submerged in
liquid nitrogen at -196 ° C, to be cryopreserved for 30 days until later thawing at 15 ° C for
5 min (Atencio et al., 2013).

Basic sperm evaluation

The percentage of live spermatozoa was determined through a smear that was made with
a 1:5 mixture of spermatozoa with eosin-nigrosin staining, in which 100 spermatozoa were
counted under the microscope at 40X. Live spermatozoa were considered, those not
stained and dead, those that presented staining. Sperm morphology was evaluated in the
same staining, to determine percentages of sperm with morphological alterations in the
head, neck or flagellum regions (Tanistaw et al., 2017).

Membrane carbohydrate distribution

With the use of lectins from Triticum vulgaris agglutinin (WGA), with affinity to N-
Acetylglucosamine residues and Arachis hypogaea (PNA) with affinity to p-galactose,
conjugated to fluorescein isothiocyanate (FICT), it was intended to determine the
carbohydrate presence that have been reported are receptors for recognition between
gametes (Herrera et al., 2017) and as structural parts of the spermatic plasmalemma
(Miller, 2015). In a final volume of 40 pl of SAR medium, with 5x10°¢ spermatozoa, 10 pl
of WGA-FICT or PNA-FITC was added at a concentration of 15 mg/ml. They were
incubated at 25 °C for 30 minutes, these spermatozoa covering them with light;
immediately, preparations were made on object slides, to be observed under the
microscope. Each preparation was observed directly under a fluorescence microscope at
260 nm excitation and> 560 nm emission, counting 100 spermatozoa. The presence of
membrane carbohydrates was determined by fluorescence patterns and sperm proportion
with each determined pattern (Naofumi, 2015).

Statistical analysis

The frequency of live sperm was determined, with normal morphology and with the
different fluorescence patterns in the fresh and thawed samples, which were expressed
as a proportion with their respective standard error (SE). The different variables were
compared between the groups of fresh and thawed spermatozoa with a Xi? test, with an
alpha of 0.05; using the free access statistical package Epilnfo 7.3.
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RESULTS

Different quantity of reproductive events and number of spermatophores released by each
specimen were determined. A total of 61 spermatophores were obtained. The frequency
in the quantity of spermatophores released per specimen was the following: 1:12, 2:10, 1:
8, 1: 6, 3: 4 and 1: 3. The sperm concentration averaged 2.6 + 0.6 X104 sperm/ml, with a
range between 1.0 + 2.5 t0 4.0 £ 3.0. The sperm concentration in releases with six or more
spermatophores (2.5X10* spermatozoa/ml), was higher (P <0.05) than the sperm
concentration (2.5X10* spermatozoa/ml) in releases with less than six spermatophores

Sperm evaluation parameters

The percentages of live sperm decreased (P <0.05), approximately 30% in post-thaw;
finding averages of 89% in fresh sperm and 58% post-thaw. Live sperm percentages that
were determined in releases with different spermatophore numbers showed differences
(P <0.05), finding a range of 79% to 100% in fresh sperm and from 45% to 67% in thawed
sperm (Table 1).

Similarly, normal sperm morphology showed a reduction (P <0.05) of approximately 15%,
finding percentages of 98% in normal fresh sperm morphology and 83% post-thaw.
Spermatozoa percentages with normal morphology that were determined in releases with
different spermatophore numbers did not show differences (P> 0.05), finding an average
range of 95% to 100% in fresh spermatozoa. However, certain post-thaw was different (P
<0.5), with percentages with an average range between 78% and 90% (Table 1).

Presence and distribution of membrane carbohydrates

With the use of the WGA-FITC lectin: In fresh and post-thaw sperm, the fluorescence
intensity emitted by the WGA-FITC lectin on the sperm membrane, evidenced the
presence of N-Acetyl glucosamine residues present in the spermatic membrane of A
mexicanum. Two fluorescence patterns were determined called: A pattern) with
homogeneous intense fluorescence in the flagellum and neck region and with less
intensity, but evident in the head one (Figure 1A); and B pattern), with evident
homogeneous fluorescence throughout the sperm structure (Figure 1B).
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Table 1. Fresh and post-thaw sperm evaluation parameters of A. mexicanum, in ejaculates of each
evaluated specimen

ID Spermatophores %Spermatozoa with % Spermatozoa with
n= A pattern = SE B pattern + SE
Fresh Thawed Xi? Fresh Thawed Xi2
p p
A 12 46+ 3 517 0.3 54+3 507 0.1
>0.05 >0.05
B 10 44+ 3 46+ 3 0.02 48 + 4 53+3 0.3
>0.05 >0.05
C 10 52+4 56 +6 0.2 47+ 4 43 +6 0.2
>0.05 >0.05
D 8 56+5 55+8 0.01 46 £5 46+ 8 1.0
>0.05 >0.05
E 6 52+35 57+9 0.3 47+ 3 43+9 0.2
>0.05 >0.05
F 4 49+£7.7 577 0.9 61+4 42 +7 6.5
>0.05 <0.05
G 4 41 +4.2 55+ 6 3.9 59 +4=a 45+ 6 3.9
<0.05 <0.05
H 4 45+7.3 56+ 6 2 55+7 44 + 6 2.0
<0.05 >0.05
| 3 45+28 55+5 1.6 65+3 45+5 7.3
<0.05 <0.05

Different letter in superscript index @29 indicates difference (P<0.05) when comparing the same variable
between columns (Fresh vs Thawed). Different number in superscript @23, indicates difference (P<0.05)
when comparing averages in the same column

Figure. 1. Sperm fluorescence patterns with WGA-FITC lectin. 1A). Higher fluorescence intensity is
observed in the flagellum and neck regions and with less intensity in the head. 1B is observed with
homogeneous intensity throughout the spermatic structure
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The proportion of patterns determined with WGA-FITC (table 2), showed that:

The percentage of sperm with A pattern, from releases of twelve to six spermatophores,
were similar (P> 0.05) fresh and post-thaw; in comparison with the percentages of sperm
from releases between eight and three spermatophores, in which it increased (P <0.05),
in thawed sperm. When comparing the percentages of sperm with pattern A, obtained in
fresh sperm from each specimen, an average of 48% was determined, with a range
between 44% and 56%; without finding difference (P <0.05) between these, in thawed
spermatozoa. An average of 54% was determined with a range between 46% to 57%,
finding higher percentages (P> 0.05), in sperm with pattern A, from releases with 3 and 4
spermatophores.

The percentages of sperm with B pattern, from releases of twelve to six
spermatophores, were similar (P> 0.05) fresh and post-thaw; the percentages of sperm
from releases with four and three spermatophores were higher (P <0.05) when fresh,
compared to those thawed. In fresh, an average of 53% was determined, with a range
between 46 to 65%, without finding a difference (P <0.05) between them; in thawed
sperm, an average of 46% was determined with a range between 42% to 53%, finding
higher percentages (P> 0.05) in sperm from releases with 10 and 12 spermatophores.
When carrying out the total general comparison (Pool) of the percentages, a difference
was evident and inversely the difference by total percentages determined, which were for
sperm with A pattern: Xi2 of 7.21 p <0.05, in fresh semen with 47.7% and 54.3% for thawed
semen. Regarding sperm with B pattern: a Xi2 of 10.8 p <0.05 was determined, in fresh
semen with 53.5% and 45.6% in thawed semen.

With the use of the PNA-FITC lectin: in fresh and post-thaw sperm, the intensity of the
fluorescence emitted by the PNA-FITC lectin on the sperm membrane, which evidenced
the presence of B-galactose glycosidic residues, present in the sperm membrane of A
mexicanum. Two fluorescence patterns were determined: C) with intense and
homogeneous fluorescence throughout the entire sperm structure (Figure 2A); pattern D)
with homogeneous faint fluorescence throughout the sperm structure (Figure 2B).

The proportion of patterns determined with PNA-FITC, (Table 3), showed that:

With C and D patterns, sperm percentages from releases with 6 to 12 spermatophores
were similar (P> 0.05) fresh and post-thaw, compared to sperm percentages from
releases with three and four spermatophores, which were increased (P <0.05), in
thawed sperm.
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Table 2. Percentages of fresh and post-thaw sperm, with two fluorescence patterns A and B
determined with the use of the WGA-FITC lectin

ID Spermatophores % Spermatozoa % Spermatozoa
n= with pattern A + SE with pattern B + SE
Fresh Thawed Xi? Fresh Thawed Xi?
p p
A 12 46+ 3 51+7 0.3 54+3 507 0.1
>0.05 >0.05
B 10 44+ 3 46+ 3 0.02 48+ 4 53+3 0.3
>0.05 >0.05
c 10 52+4 56 £ 6 0.2 47+ 4 43+ 6 0.2
>0.05 >0.05
D 8 565 55+8 0.01 465 46+ 8 1.0
>0.05 >0.05
E 6 52+35 57+9 0.3 47+ 3 43+9 0.2
>0.05 >0.05
F 4 49+ 7.7 577 0.9 61+4 42+ 7 6.5
>0.05 <0.05
G 4 41 +4.2 55+6 3.9 59 +4=a 45+ 6 3.9
<0.05 <0.05
H 4 45+ 7.3 56 +6 2 55+7 44+ 6 2.0
<0.05 >0.05
| 3 45+2.8 55+5 1.6 65+3 45+5 7.3
<0.05 <0.05

Different letter in superscript @29, indicates difference (P<0.05) when comparing the same variable between
columns (Fresh vs Thawed).

Figure 2. Fluorescence patterns obtained with PNA-FITC lectin: A) With intense homogeneous
fluorescence, B) With homogeneous faint fluorescence
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Spermatozoa percentages with C and D pattern, determined with the lectin PNA-FITC,
only showed a difference (P <0.05) after thawing, when the spermatozoa came from
releases with eight spermatophores, observing a higher percentage in spermatozoa with
C pattern post thawing and conversely, in sperm with D pattern. The percentage was
higher in fresh semen, in the percentages of sperm from releases with twelve, ten, six,
four or three spermatophores, When comparing the percentages of sperm with C pattern
of each specimen, fresh with an average of 54%, with a range between 49% to 58 % and
post thawing with an average of 60% and with a range between 47% to 69%, no
differences were found (P <0.05).

When comparing the percentages of sperm with D pattern of each specimen, fresh with
an average of 48%, with a range between 42% to 55%, no different percentages were
observed (P <0.05). In thawed spermatozoa, an average of 42% was found, with a range
24% to 53%, no difference percentages were observed (P <0.05).

Table 3. Percentages of fresh and post-thaw sperm, with two fluorescence C and D patterns
determined with PNA-FITC lectin use

Spermatophores %+ SE %+ SE
ID e Spermatozoa Spermatozoa
- with pattern C with pattern D
Fresco Thawed Xie Fresco Thawed Xie
0.2 0.2
+ + + +
A 12 51+4 47+5 >0.05 49+ 4 53+5 >0.05
0.02 0.01
+ + + +
B 10 51+5 49+5 >0.05 49+5 505 >0.05
0.01 0.01
C 10 53+5 52+6 >0.05 48+ 7 47+ 6 >0.05
5.23 14.4
D 8 49+ 4 66 £ 3 <0.05 51+5 24+3 <0.05
0.08 0.7
E 6 57+4 607 >0.05 477 40+ 11 >0.05
0.07 1.01
F 4 55+7 62+4 >0.05 45+ 10 374 ~0.05
0.7 2.0
G 4 55+4 68+ 6 >0.05 55+ 6 44 +7 >0.05
2.6 1.62
+ + + +
H 4 573 694 ~0.05 52+6 42+ 6 0.05
1.36 0.01
+ + + +
| 3 585 675 50.05 42+ 8 43+9 >0.05

Different letter in superscript @2 indicates difference (P<0.05) when comparing the same variable between
columns (Fresh vs Thawed).
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DISCUSSION

Regarding the sperm concentration, the data showed that there are differences between
spermatophores of the same specimen and between specimens. These results are similar
to those published by Doyle et al. (2011), in spermatozoa number among the
spermatophores released from specimens of A maculatum. The quantity and size of
spermatophores that can be released varies widely, being related to the physiology and
reproductive adaptation of each species (Browne et al., 2019); as well as three physical
characteristics: body size, testicle size or age (Uribe and Mejia-Roa, 2014), which was
also observed in our study. The sperm viability observed fresh was 80 to 98%, this being
the first study to record live sperm percentage extracted from spermatophores. These
results are in contrast to those reported by Mansour et al. (2011), who obtained sperm
through cloacal massage, reporting 100% live sperm in all samples analyzed.

On the other hand, a study carried out by Chester (2013) mentions that it obtained from
64 to 86% of sperm viability after carrying out spermatophore cryopreservation. These
data differ from that obtained in this work, where the viability obtained in thawed
spermatozoa was an average of 45 to 68%, so this result indicates that the cap membrane
can function as a barrier, which protects the sperm from freezing sudden changes
(Chester, 2013; Hall et al., 2016).

The use of WGA-FITC and PNA-FITC lectins proved to be an alternative to identify the
presence and distribution of glucosidic residues (B-galactose and Acetyl-glucosamine.
These results are consistent with the work carried out by Saez et al., (2004), where it was
determined that at spermatogenesis time, different carbohydrates, including 3-galactose
and acetylglucosamine, are present in the membrane of cells that are found in different
developmental stage during spermiogenesis.

The presence and glycosidic residue distribution indicate differences throughout the entire
membrane, which was determined with each lectin, which each identified at least two
different fluorescence patterns; which may be associated with different metabolic states
of the spermatozoa that allow or not the recognition between gametes.

The presence and distribution of glycosidic residues allows to characterize the membrane
of spermatozoa that are in different metabolic state, associated with acrosomal training
and reaction, and therefore their fertilizing capacity (Browne et al., 2015). This may be
useful in assisted reproduction protocols that involve the in vitro sperm handling.

Using assisted reproduction in captivity, it contributes to species conservation; in addition
to reducing the extraction of animals from their environment and illegal sale (Jimenez et
al., 2017); which can have a sustainable use allocating specimens to conservation,
biomedical research and conservation in public and private collections (Prieto et al.,
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2014), which is in the latter, in which specimens have been reproduced outside their
natural habitat; however, amphibian reproduction and breeding in captivity is relatively
minimal (Ananjeva et al., 2015).

CONCLUSION

The cryopreservation protocol used proved to be efficient, maintaining parameters of
viability and membrane integrity, despite finding sperm differences associated with the
number of spermatophores present in each release, for which this study provides tools
and knowledge for the assisted reproduction in Ambystoma mexicanum captivity.
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