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- Many ruminant breeds and species are threatened. Gene banks ensure the 
long-term survival of threatened species → PRIORITY

- Sperm cryopreservation: main tool for ex situ assisted reproduction programs.

- Artificial insemination with cryopreserved semen often provides poor fertility 
results in many small ruminants.  



WHY USE SMALL WILD RUMINANT SPECIES AS AN ANIMAL MODEL?

• Domestication has reduced or even repressed the reproductive seasonality and
the annual endocrine pattern in ruminant species. Thus, the ancestor wild species
are an adequate model to study the role of endocrine status on sperm
freezability.

• Many wild ruminant species are threatened by poaching, habitat loss,
heterozygosity loss due to habitat fragmentation, and climatic change.



SAMPLE ORIGIN
(EJACULATED OR EPIDIDYMAL) 

Adapted from Gao et al 2012, Current Frontiers in Cryobiology

SPERM CRYORESISTANCE 

Cryoresistance ratio (CR) defined as CR= (post-thaw value/fresh value) × 100

SEASON OF SPERM COLLECTION 

ENDOCRINE STATUS 

FACTORS INFLUENCING THE CELL RESPONSE TO THE 
CRYOPRESERVATION PROCESS

SPERM AND SEMINAL PLASMA 
PROTEOME



SPERM PROTEOME AND CRYORESISTANCE 

Proteins were differentially abundant according to the sperm 
origins. 

83 proteins are more abundant in the epididymal sperm, 
whereas 4 proteins are more abundant in the ejaculated 
sperm.

Epididymosomes, extracellular vesicles, and accessory sex 
glands, through seminal plasma, could contribute to the 
replacement and addition of proteins in sperm. 

Modification of sperm freezability 



These proteins found more abundant in epididymal sperm should be 
explored as additives in extenders.

In all these species, 83 proteins were more abundant in the epididymal
sperm (using Capra hircus database), whereas 4 proteins were more 
abundant in the ejaculated sperm. 

Mouflon

Ibex

Mouflon Chamois

Ibex



SEASONAL CHANGES IN PLASMA TESTOSTERONE AND PROLACTIN CONCENTRATIONS
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RUTTING SEASON

% Sperm motility
% PNA-FITC

% HOST

HIGH TESTOSTERONE LOW TESTOSTERONE LOW TESTOSTERONE LOW TESTOSTERONEHIGH TESTOSTERONE HIGH TESTOSTERONE

High plasma testosterone levels during the pre-rutting season may interfere with the freezing-thawing process, having a negative

influence on sperm cryosurvival.



Annual variation in sperm cryoresistance is related to seasonal 
endocrine changes in goat. Winter and spring are the most 
appropriate seasons to collect and freeze sperm from Florida goat

35°SL38°NL Florida breed bucks Gabon breed bucks

It is recommended to freeze sperm of Gabon bucks in the period
coinciding with the rise of testosterone concentration, before reaching
maximum concentrations.
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PCNA (proliferating cell nuclear antigen) immunolabeling was quantified in Sertoli cells (thick 
arrows) and spermatogonias (thin arrows), proliferation marker protein Ki-67 (Ki67) in 
spermatocytes (arrowheads) and round spermatids (asterisks) and GATA-4 in Sertoli cells 
(thick arrows). Asterisks indicate statistically significant differences between groups 
(*P=0.004; **P<0.001; ***P<0.0001). 
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*

*

Testosterone influences Sertoli and germ cells' proliferative activity 
during spermatogenesis, which might affect sperm cryotolerance

PCNA                             Ki67                              GATA-4 

400x seminiferous tubules Scale bar = 20 µm.



Group (1) 200 mg of cyproterone acetate (CA) intramuscularly diluted in 2 mL of olive 
oil (vehicle) twice weekly throughout December (coinciding with the period in which 
testosterone plasma levels were high). Group (2) control.



Group (1) received 25 mg of testosterone propionate (TP) subcutaneously diluted in 
2 mL of olive oil (vehicle) twice weekly in January (coinciding with the seasonal fall in 
plasma testosterone), and Group (2) control. 



Our findings support the hypothesis that testosterone 
negatively influences sperm cryoresistance. 

Variations in the sperm cryoresistance related to 
testosterone concentrations occur during the sperm 
transit through the epididymis, and during the short  
exposition of sperm to seminal plasma at the 
ejaculation.





Administration of testosterone at the end of the rutting season improves the sperm quality in rams and the 
sperm cryoresistance in rams and bucks





Sulpiride (SLP) treatment (100 mg) s.c. daily administered from 

December 15th to January 15th.
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Sulpiride (SLP) treatment (daily administered to  s.c from 
December 15th to January 15th) which increased blood 
plasma PRL concentrations–induced a negative influence on 
sperm freezability.
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Figure : Monthly variation (mean ± SE) in testosterone (grey line) and prolactin (black line) concentration in mouflon as a model 
of wild ruminant species. The bar indicates the best period of the year to cryopreserve spermatozoa

It is not recommended to freeze sperm at the beginning of the rutting season (autumn), coinciding with 
maximum testosterone concentrations.

We recommend to freeze sperm  around the end of the rutting season (i.e. towards the end of autumn and 
beginning of winter) → spermatozoa are still preserving good quality; testosterone levels have already 
decreased; prolactin concentrations remain low.

WILD RUMINANTS











Prolactin also increased the post-
thaw amplitude of lateral head
displacement (ALH) in ram sperm
(from 3.3 ± 0.1 μm to 3.8 ± 0.2 μm;
P < 0.05).

Fresh sperm samples diluted in Tyrode medium PRL. Incubation:
38.5ºC, 5%CO2 and humidified atmosphere prior its cryopreservation.
Tyrode medium: NaCl 120 mM, KCl 1 mM, CaCl2 2 mM, MgSO4 0.4 mM,
Hepes 16.6 mM, sodium lactate 21.7 mM, sodium pyruvate 0.11 g/L,
glucose 5.5 mM and BSA 5 g/L (pH 7.5;290 mOsm/kg).

Prolactin decreased the post-
thaw acrosome integrity of ram 
and buck sperm. 



Sperm cryoresistance is higher at the end of rutting 
season 

Looking for proteins differently expressed in sperm at the 
end and at the middle of rutting season

STX2

LTF

ACTAT2

CCT8

NSF
CUL3

CALR

ACTAT2

HIP1

AQUAPORINS



Peter Agre 2003 Nobel Prize in Chemistry 
for discoveries concerning channels in cell 

membranes.

Since then, identification of several types of aquaporins (AQP0, AQP2,
AQP3... AQP11) in different cell types with involvement in physiological
processes (e.g. kidney, intestinal function, cellular metabolism, immune
system) and pathological processes (e.g. glaucoma, tumor metastasis)

AQUAPORINS

- Membrane channels for the selective passage of water. 
- Identification (AQP1) in erythrocytes and renal proximal tubule in mammals. 
- Functional characterization in African clawed frog oocytes.



Las AQPs son estructuras tetraméricas formadas por cuatro monómeros de 24-30KDa, cada uno de los cuales está 
formado por seis alfa hélices, conectadas por loops que atraviesan la membrana en su totalidad y delimitan un poro por 
el que pasan las moléculas de agua.

Aquaglyceroporins (AQP3, AQP7, AQP9, AQP10) are membrane proteins responsible for the transport of
water and solutes such as glycerol. These water channels are crucial to regulate sperm volume during
freezing-thawing processes and, therefore, they are involved in the functional sperm response to
cryopreservation.

Figure 1. Structural characteristics of the family of aquaporins (AQPs) 
(Delgado-Bermudez et al. Animals 2022, 12(5), 573). 



Thyroxine and photoperiod signals were modified 
during the periods in which testosterone secretion is 
high and basal.



Melatonin group received subcutaneous melatonin implants,
on the winter solstice. This provided a continuous short day-
signal from the winter solstice onward that stimulated
reproductive activity.



Implantation of osmotic pumps (2 mL Alcet®), under
anesthesia, in the lateral shoulder to increase plasma
concentrations of thyroxine; no pathological hyperthyroidism
was induced.



Immunolabelling of AQP3 (located in different regions: 
acrosome, post acrosomal region, midpiece, principal piece 
and the end piece of the tail) in ibex sperm.

AQP 3 expression by ICC in mid-piece (B) of ibex 
sperm of the following groups: Control (red), treated 
with thyroxin (T4, green), treated with melatonin 
implants (MEL, blue), and treated with melatonin 
implants plus thyroxin (MEL+T4, grey)

Plasma testosterone (B) concentrations in ibexes 
of the following groups: Control (red), treated 
with thyroxin (T4, green), treated with melatonin 
implants (MEL, blue), and treated with melatonin 
implants plus thyroxin (MEL+T4, grey). 



AQP3 relocalisation could be linked to an increase the 
osmo-adaptative capacity of ejaculates with better 
capacity to withstand freeze-thawing processes.



Immunolabelling of AQP3 located in acrosome,
post-acrosomal region, mid-piece, principal
piece, and end-piece in buck spermatozoa
(similarly to ram).
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Cooling rate modifies the location of aquaporin 3 in spermatozoa of sheep and goat

Fig 1. Sperm quality variables (mean±SEM) of Murciano-Granadina buck and Merino ram semen samples. Motility and kinematics variables in rams (A) and bucks (C). Percentage of viable
spermatozoa and spermatozoa with acrosome integrity in rams (B) and bucks (D). Different letters (a, b, b) indicate significant differences (p <0.01) between cryopreservation methods for
each sperm variable. Curvilinear velocity (VCL), straight-line velocity (VSL), average path velocity (VAP), amplitude of lateral head (ALH). Results are expressed as mean ± SEM.ca



The proportion of spermatozoa showing
immunolabeling of AQP3 in post-acrosome, mid-
piece, and principal piece were greater after
slow freezing-thawing than after ultra-rapid
freezing-thawing in both ram and buck sample



Simultaneous evaluation of acrosome integrity and 
presence of AQP3 in this membrane domain revealed
that immunolabeling of AQP3 was always present in 
intact acrosomes, but was not seen when acrosome
was damaged.



In frozen-thawed samples, the proportion of sperm with AQP3 located in the mid-piece was
correlated with sperm motility and kinematic sperm variables (VCL, VSL, VAP)in both bucks and rams

Supplementary Fig. 2. Correlation between the proportions of sperm with 
AQP3 located in different membrane domains and sperm motility variables in 
ram frozen-thawed samples (samples cryopreserved using slow and ultra-
rapid methods).

Supplementary Fig. 3. Correlation between the proportions of sperm 
with AQP3 located in different membrane domains and sperm motility 
variables in buck frozen-thawed samples (samples cryopreserved using 
slow and ultra-rapid methods).



- WB identified AQP3 as a band of about 32 kDa in either 
slow or ultrarapid freezing samples. 

- Relative abundances of AQP3 32 kDa band did not show 
significant differences between slow freezing-thawing and 
ultra-rapid freezing-thawing samples









Aquaporin 3, 7, 9, and 10 immunohistochemistry in caput region of 
Iberian ibex, mouflon and chamois epididymis. 400X. Bar = 50 μm.

AQP7 was observed in principal cells in all
species, whereas only in basal cells of Iberian
ibex and apical cells of mouflon and chamois
ducts.



Aquaporin 3, 7, 9, and 10 immunohistochemistry in corpus 
region of Iberian ibex, mouflon and chamois epididymis. 
400X. Bar = 50 μm.

No immunostaining for AQP10 was observed in ibex



Positive immunostaining for AQP10 was
observed in principal (apical membrane) and
basal cells in ibex, whereas in mouflon and
chamois was restricted to basal cells.

Aquaporin 3, 7, 9, and 10 immunohistochemistry in cauda region
of 708 Iberian ibex, mouflon and chamois epididymis. 400X. Bar = 
50 μm.



The expression patterns of AQP3 and AQP9 in the epididymal epithelial cells were identical for the
three wild ungulates.

Ibex varied in the immunolocalisation of AQP7 in caput and cauda regions and AQP10 in corpus and 
cauda epididymis, compared to mouflon and chamois. 

It could partially explain changes in the environment where sperm maturation occurred that could
influence the higher sperm resistance to osmotic stress in Ibex. 

Caput Corpus                                        Cauda



BSP (Major Proteins of Bovine Seminal Plasma): BSP-A1, BSP-A2, BSP-A3, BSP-30-kDa 

• BSP stimulate the efflux of cholesterol and phospholipids from the bull sperm membrane, making it more
sensitive to cryopreservation processes.

• Cholesterol has a stabilizing effect on the plasma membrane by imposing conformational order on lipids
(cholesterol increases fluidity at low temperatures, but decreases fluidity at high temperatures) →
variations in the cholesterol/phospholipid ratio across mammalian species has been linked to the ability to
survive cryopreservation

cholesterol efflux

BSP



- Phospholipase is secreted from the bulbourethral glands in
caprines.

- Phospholipase activity produces sperm-deteriorating effect
through the hydrolysis of membrane phospholipids of sperm or
the production of toxic derivative from egg yolk phospholipids.

- Increased phospholipase activity during the rutting season.



AMINO ACIDS OF SEMINAL PLASMA ARE ASSOCIATED WITH SPERM CRYORESISTANCE





Phenylalanine is more abundant
in seminal plasma of the GF (good 
freezability) bulls than in that of PF (poor 
freezability) and could be considered as a 
freezability biomarker.
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