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Abstract: The study aimed to evaluate the effectiveness of the cryopreservation protocols
for Pseudoplatystoma magdaleniatum semen using dimethyl sulfoxide (DMSO) or methanol
(MET) as permeable cryoprotectants at two concentrations (5% and 10%) combined with
12% egg yolk (Y12%) or 5% skimmed milk powder (SMP5%) and glucose (6%), resulting
in eight treatments. A semen pool (n = 8) was diluted in a 1:4 ratio, packed in 2.5 mL
straws, and frozen in nitrogen vapors. It was thawed at 35 ◦C for 90 s. Sperm kinet-
ics and motility duration of fresh, prefrozen, and thawed semen were analyzed using
a CASA system. The osmolarity of seminal plasma and cryosolutions was estimated.
Fertilization (F) and embryo viability (E) rates of thawed semen were evaluated. The os-
molarity of seminal plasma was 251.1 ± 3.3 mOsmol/kg and, in the cryosolutions, ranged
between 1248.3 ± 19.9 mOsmol/kg (DMSO5% + Y12%) and 3488.2 ± 1.5 mOsmol/kg
(MET10% + Y12%). After thawing, total motility ranged from 38.2% to 60.5%, representing
a significant reduction compared to fresh semen (95.4 ± 2.1%) (p < 0.05). The best fertil-
ization and embryo viability rates of thawed semen were obtained with DMSO5% + SMP
5% (F = 20.7%, E = 11.7%) and MET10% + SMP5% (F = 20.1%, E = 11.5%) (p < 0.05). A
cryopreservation protocol for P. magdaleniatum semen with 5%DMSO or 10%MET combined
with SMP5% is possible, but further study is necessary to optimize its fertilizing capacity.

Keywords: fertility; hatching; seminal plasma; sperm kinetics; sperm motility (source: CAB)

Key Contribution: Although there are previous studies on cryopreservation of P. magdale-
niatum semen with different permeable and non-permeable cryoprotectants, this study is
the first report of fertilization and embryo viability rates of semen thawed with DMSO and
methanol. Cryopreservation of P. magdaleniatum semen is possible with 5% dimethyl sulfoxide
or 10% methanol combined with 5% skimmed milk powder and 6% glucose. The fertilizing
capacity of semen thawed using cryomedium with skimmed milk powder was better than
that of semen thawed using cryomedium with egg yolk as a non-permeable cryoprotectant.

1. Introduction
The Neotropical catfish genus Pseudoplatystoma (Siluriformes: Pimelodidae) comprises

eight large-sized species widely distributed across South American river basins [1]. This
genus is significant for South American aquaculture due to its high commercial value and
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exceptional meat quality, serving as a vital resource for both commercial fisheries and the
sportfishing industry [2–4].

The catfish Pseudoplatystoma magdaleniatum is an endemic species in Colombia [5,6],
distributed in the Magdalena, Cauca, Sogamoso, and San Jorge River basins [7]. In
the Magdalena–Cauca basin fishery, it is the largest and most commercially valuable
species [7,8]. However, its catches have decreased by 34.9%, from 435.6 t in 2014 to 283.4 t
in 2022 [8]. The causes of the decline are mainly attributed to environmental degradation
caused by deforestation, mining, agriculture, livestock, organic pollution from wastewater,
and the loss of longitudinal connectivity (dams) and lateral connectivity (sedimentation of
channels) [9,10]. As a result of these pressures, P. magdaleniatum is classified as critically en-
dangered [11], highlighting the need to develop management and conservation strategies.

Semen cryopreservation is a tool for biodiversity conservation and managing species
at risk of extinction [12–14]. This tool allows the storage of genetic material for long
periods without compromising its viability, which facilitates the creation of germplasm
banks [13,14]. In addition, semen cryopreservation represents a strategy that makes semen
available for assisted reproduction and the production of fry, particularly in species with
reproductive asynchrony in captivity [13,15].

However, semen cryopreservation involves multiple technical challenges, and its
success depends on optimizing several critical factors [12], including semen quality,
cryomedium composition, cryoprotectant concentration, and freezing/thawing proto-
cols [16,17]. The choice of cryoprotectants is particularly relevant, as they directly influ-
ence sperm cell integrity, motility, and fertilizing ability. In Neotropical catfish species,
both permeable and non-permeable cryoprotectants have been compared and tested with
variable results, highlighting the need to develop species-specific cryopreservation proto-
cols [16,18,19].

Information on semen cryopreservation in P. magdaleniatum is scarce, and existing
studies have not evaluated its fertilizing capacity after thawing [16,18,19]. There are stud-
ies about catfish semen cryopreservation with various permeable (dimethyl sulfoxide,
dimethylacetamide, and ethylene glycol) and non-permeable cryoprotectants (skimmed
milk powder) [16,18,19], but the fertilizing capacity of the thawed semen has not been
reported. In this context, the present study aimed to assess the cryopreservation of P. mag-
daleniatum semen using two permeable cryoprotectants (methanol and dimethyl sulfoxide)
at two concentrations (5% and 10%) combined with non-permeable cryoprotectants (5%
skimmed milk powder and 12% egg yolk).

2. Materials and Methods
2.1. Location and Biological Material

Pseudoplatystoma magdaleniatum broodstock (eight males and two females) were cap-
tured from the wild in a sexually mature state and maintained in earthen ponds at 0.5 kg/m2

at the Santacruz fish farm (Caucasia, Antioquia, Colombia; 7◦56′28.1′′ N, 75◦08′30.2′′ W).
The male biomass was 17.6 kg (2.2 ± 0.3 kg, 71.0 cm) and the female biomass was 22.0 kg
(11.0 kg, 140 cm). Hormonal induction was performed by administering salmon GnRH
analog (sGnRH, Syndel, Canada) at a single dose of 18 µg/kg body weight. Gamete col-
lection was performed 12 h after induction. The males released between 5 and 20 mL of
semen, and females spawned between 1.1 and 1.8 kg of eggs per female

2.2. Cryopreservation of Semen, Freezing and Thawing

Glucose (6%, 333 mM) was used as an extender. Dimethyl sulfoxide (DMSO) (Ap-
pliChem GmbH, Darmstadt, Germany) or methanol (MET) (Merck KGaA, Darmstadt,
Germany) was used as permeable cryoprotectant at two inclusion levels (5 or 10%), and
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skimmed milk powder (SMP 5%) or hen’s egg yolk (Y 12%) were used as non-permeable
cryoprotectant (six straws per treatment). For cryopreservation, semen samples from eight
males (n = 8) with a total motility greater than 90% were selected. The diluted semen was
packed in 2.5 mL cryogenic tubes (Minitüb, Tiefenbach, Germany) in a ratio of 1:4 (semen:
cryosolution, 27 ± 1 ◦C). Samples were kept for 10 min at room temperature before being
frozen in a 4 L dry shipper (MVE, St Paul, MN, USA) with nitrogen vapors for 30 min. The
cooling curve was: 28 to −20 ◦C at 27.3 ◦C/min, −20 to −100 ◦C at 29.9 ◦C/min, and −100
to −196 ◦C at 5.5 ◦C/min [15]. The straws with cryopreserved semen were transferred in
less than 10 s to a 34 L cryogenic thermos (MVE, St Paul, MN, USA) and immersed directly
in liquid nitrogen. The straws were thawed in a serological bath (Memmert, WNB 7-45,
Schwabach, Germany) at 35 ◦C for 90 s.

The osmolarity of each male’s seminal plasma and the different cryoprotectant solu-
tions (DMSO 5, 10%) or (MET 5, 10%) combined with egg yolk (Y 12%) or (SMP 5%) was
measured using a freezing point osmometer (Gonotec, Osmomat 3000, Berlin, Germany).

2.3. Semen Quality

In fresh, pre-frozen and thawed semen, a 0.25 µL aliquot of semen was placed in a
Makler chamber (Sefi Medical Instruments, Haifa, Israel), activated with 75 µL of distilled
water and analyzed using a computer-assisted semen analysis (CASA) system (Microptic
SL, SCA® VET 6.5, Barcelona, Spain) and a phase contrast optical microscope (Nikon, E50i,
Tokyo, Japan). Parameters such as total motility (Mt), types of motility (rapid, medium,
and slow), total progressivity, curvilinear (VCL), and linear (VSL) velocities were evaluated.
Motility types were classified based on curvilinear velocity (VCL) values. Rapid motility
corresponds to the percentage of sperm with a velocity greater than 100 µm/s, medium
to sperm with a velocity between 45 and 100 µm/s, and slow to sperm with a velocity
between 10 and 45 µm/s [20].

The motility duration (Md) was estimated from the moment of activation until approx-
imately 90% of the sperm stopped moving, using a stopwatch and a phase contrast optical
microscope (Nikon, E50i, Tokyo, Japan) [20,21]. Sperm concentration (Sc) was estimated
only in fresh semen, for which 1 µL of semen was diluted in 699 µL of 6% glucose (1:699
dilution). This dilution was homogenized at 1200 rpm for five seconds in a vortex mixer
(Velp Scientifica, Zxclasic, Shanghai, China). A 10 µL aliquot was placed in the Makler
chamber (Sefi Medical Instruments, Israel), and the concentration was determined using
the CASA system (Microptic SL, SCA® VET 6.5, Barcelona, Spain) [20,21].

2.4. Fertilizing Capacity of Thawed Semen

A sample of 1.0 g of oocytes (~1500 oocytes) was taken and fertilized with 400 µL
of thawed semen from the different treatments to estimate fertility and embryo viability
rates. As a control, an oocyte sample was inseminated with fresh semen [20]. For the
fertilizing capacity trial, the sperm-to-oocyte ratio was adjusted based on semen quality: a
proportion of 160,000 spermatozoa per oocyte was used for fresh semen, and 320,000 sper-
matozoa per oocyte for cryopreserved semen to compensate for the expected reduction
in motility and viability after thawing. The fertilization rate (F) was estimated at five
hours post-fertilization (hpf) (gastrulation phase), and the embryo viability rate (E) was
measured at 10 hpf (pharyngulation phase). Viable embryos were identified as translucent,
while nonviable embryos were observed as opaque, with detachments of cellular material.
Fertilization and embryo viability rates were calculated by dividing the number of viable
embryos by the total number of embryos analyzed [20].

Water quality parameters such as temperature, dissolved oxygen (YSI, 550A, Yellow
Springs, OH, USA), and pH (YSI, 100, Yellow Springs, OH, USA) were measured during
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the experiments. In addition, hardness, total alkalinity, non-ionized ammonium, and nitrite
were measured with a photometer (YSI, 9500, Yellow Springs, OH, USA). Temperature
(26.5–27.5 ◦C), dissolved oxygen (7.2–9.5 mg/L), pH (7.5–8.2), total alkalinity (40.0–65.0 mg
CaCO3/L), total hardness (45.0–55.0 mg CaCO3/L), unionized ammonia (0.09–0.10 mg/L),
and nitrite (0.03–0.04 mg/L) were within normal values for incubation of Neotropical fish
species [22,23].

2.5. Statistical Analysis

A completely randomized design with eight treatments was applied; fresh semen was
also evaluated as a control group. All variables were tested for normality (Kolmogorov–
Smirnov test) and homogeneity of variance (Levene test). Variables that met these as-
sumptions were analyzed using ANOVA, and when significant differences were detected,
Tukey’s post hoc test was applied to compare means. In all cases, p < 0.05 was consid-
ered statistically significant. Data are expressed as mean ± standard error (SE). Statistical
analysis was performed using Statgraphics Centurion version 19.3.03.

3. Results
3.1. Semen Osmolarity and Cryomedia

The osmolarity of P. magdaleniatum seminal plasma ranged between 247 and
260 mOsmol/Kg, averaging 251.1 ± 3.3 mOsmol/Kg. The osmolarity of the differ-
ent cryoprotectant solutions ranged between 1248.3 ± 19.9 (DMSO 5% + SMP 5%) and
3488.2 ± 1.5 mOsmol/kg (MET 10% + Y 12%). The lowest osmolarities (<1600 mOsmol/Kg)
were observed in the combinations containing 5% DMSO with either 5% SMP or 12% Y
(p < 0.05). In contrast, osmolarities above 2000 mOsmol/Kg were recorded in all combi-
nations that included MET (5% or 10%) or 10% DMSO, regardless of the non-permeable
cryoprotectant used (p < 0.05) (Table 1).

Table 1. Osmolarity of Pseudoplatystoma magdaleniatum seminal plasma and glucose-based cryome-
dia (6%).

Cryoprotectant Solutions Cryomedia Solutions Osmolarity
(mOsmol/Kg)

Osmolarity of Seminal Plasma
(mOsmol/Kg)

DMSO 5% + SMP 5% 1562.3 ± 10.3 b

DMSO 10% + SMP 5% 2971.6 ± 37.0 e

DMSO 5% + Y 12% 1248.3 ± 11.5 a

DMSO 10% + Y 12% 2906.3 ± 14.4 e 251.1 ± 3.3
MET 5% + SMP 5% 2156.3 ± 6.9 d

MET 10% + SMP 5% 2456.0 ± 0.6 e

MET 5% + Y 12% 2073.6 ± 7.5 c

MET 10% + Y 12% 3488.2 ± 1.0 f

DMSO: dimethyl sulfoxide, MET: methanol, SMP: skimmed milk powder, Y: egg yolk. Glucose 6% was used as an
extender in all solutions. Different letters in the same column indicate significant differences (p < 0.05).

3.2. Pre-Frozen

Compared to fresh semen (94.4 ± 0.6% total motility), all treatments showed a re-
duction in total motility ranging from 30.8% to 57.2%, depending on the cryoprotective
solution used. The highest pre-frozen semen motility values were recorded with 5% DMSO
combined with 5% SMP (total motility: 65.3 ± 5.8%, progressivity: 16.5 ± 1.1%, medium
motility: 20.2 ± 1.7%, VCL: 38.5 ± 1.8 µm/s, VSL: 22.2 ± 1.8 µm/s) (p < 0.05). In contrast,
the lowest values for these parameters were obtained when 10% MET was combined with
either 12% Y or 5% SMP, or when 10% DMSO was combined with 5% SMP (p < 0.05). Rapid
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motility across all cryoprotective solutions ranged between 0.6 ± 0.9% and 2.3 ± 1.5%,
showing no significant differences among treatments (p > 0.05) (Table 2).

3.3. Thawed Semen

In all treatments, a reduction in total motility of approximately 38.2% to 60.5% was
observed compared to fresh semen (95.4 ± 2.1%). The highest values of total motility in
thawed semen were recorded in treatments with 5% or 10% DMSO combined with 12%
Y (p < 0.05). Notably, VSL was significantly higher (16.7 ± 2.0 µm/s) when 10% DMSO
was associated with 12% Y (p < 0.05). In contrast, the lowest values of motility parameters
(total, rapid, medium) and sperm velocities (VCL and VSL) were observed in treatments
with 10% DMSO combined with 5% SMP, as well as with MET (5% or 10%) combined with
either of the non-permeable cryoprotectants (p < 0.05), while slow motility did not show a
statistically defined trend among treatments (Table 3).

3.4. Fertility and Embryo Viability Rates

Fertilization and embryo viability rates were significantly reduced when cryopreserved
semen was used, with reductions of up to 67% and 81%, respectively, compared to fresh
semen (73.0 ± 1.3% and 59.7 ± 1.6%, p < 0.05). The highest values in thawed semen for both
parameters were obtained with DMSO 5% + SMP 5% (F = 20.7 ± 1.3%, E = 11.8 ± 2.0%)
or MET 10% + SMP 5% (F = 20.1 ± 2.3%, E = 11.5 ± 2.3%), with no significant differences
between these treatments (p > 0.05). In the treatments DMSO 5% + Y 12%, MET 5% + Y 12%,
SMP 5%, and MET 10% + Y 12%, the thawed semen had no fertilizing capacity (Figure 1).
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Figure 1. Fertility and embryo viability rates for thawed semen of Pseudoplatystoma magdaleniatum
cryopreserved with different solutions. DMSO: dimethyl sulfoxide, MET: methanol, SMP: skimmed
milk powder, Y: egg yolk. Different letters indicate significant differences (p < 0.05).
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Table 2. Quality of pre-frozen semen from Pseudoplatystoma magdaleniatum diluted (1:4) in different cryoprotective solutions.

Treatments

Parameters Fresh Sperm DMSO 5%
+ Y 12%

DMSO 5% + SMP
5%

DMSO 10%
+Y 12%

DMSO 10%
+SMP 5%

MET 5%
+Y 12%

MET 5%
+SMP 5%

MET 10%
+Y 12%

MET 10%
+SMP 5%

Mt (%) 94.4 ± 6.0 a 57.7 ± 6.4 bc 65.3 ± 5.8 b 59.3 ± 6.5 bc 50.6 ± 3.4 de 55.8 ± 6.2 bcd 62.5 ± 8.7 b 50.6 ± 1.9 de 47.3 ± 6.9 e

Pro (%) 44.0 ± 11.4 a 6.1 ± 1.2 c 16.5 ± 1.1 b 3.2 ± 2.5 d 4.6 ± 3.1 dd 6.7 ± 1.9 c 12.4 ± 2.4 b 5.1 ± 1.1 d 5.1 ± 1.9 d

Rap (%) 14.0 ± 12.7 a 1.0 ± 0.9 b 1.2 ± 1.4 b 0.6 ± 0.9 b 1.2 ± 1.6 b 2.0 ± 1.3 b 1.2 ± 1.0 b 2.3 ± 1.5 b 0.8 ± 0.5 b

Med (%) 50.6 ± 10.5 a 9.1 ± 1.6 d 20.2 ± 1.7 b 5.0 ± 2.7 e 4.7 ± 2.8 e 9.8 ± 2.3 d 15.4 ± 2.5 c 7.1 ± 0.8 de 6.2 ± 1.9 e

Slo (%) 29.8 ± 11.7 a 47.6 ± 4.6 b 43.9 ± 5.2 b 53.6 ± 6.4 c 44.5 ± 3.8 b 44.1 ± 3.8 b 45.8 ± 8.0 b 42.3 ± 2.0 b 40.3 ± 6.8 b

Imm (%) 5.6 ± 5.9 a 42.3 ± 6.4 bc 34.7 ± 5.8 b 40.7 ± 6.5 c 49.4 ± 3.4 cd 44.2 ± 6.2 cd 37.5 ± 8.7 b 49.4 ± 1.8 cd 52.8 ± 6.9 e

VCL (µm/s) 65.8 ± 15.2 a 29.2 ± 2.6 cd 38.5 ± 1.8 b 25.3 ± 5.1 d 29.2 ± 6.7 cd 32.5 ± 4.2 bc 34.2 ± 3.2 bc 29.6 ± 0.8 cd 27.7 ± 2.7 cd

VSL (µm/s) 39.0 ± 7.6 a 13.6 ± 0.5 c 22.2 ± 1.8 b 9.2 ± 2.8 e 11.3 ± 2.0 d 13.0 ± 1.4 d 18.5 ± 1.7 c 12.8 ± 0.8 d 11.9 ± 2.8 de

Md (s) 31.5 ± 1.3 - - - - - - - -

Sc (×106 Spz/mL)
19,271.5 ±

1444.4 - - - - - - - -

Mt: total motility, Pro: total progressivity, Rap: rapid, Med: medium, Slo: slow, Imm: immotile, VCL: curvilinear velocity, VSL: linear velocity, Md: duration of motility, Sc: sperm
concentration, DMSO: dimethyl sulfoxide, MET: methanol, SMP: skimmed milk powder, Y: egg yolk. Glucose 6% was used as an extender in all solutions. Different letters in the row
indicate significant differences (p < 0.05).

Table 3. Quality of thawed semen from Pseudoplatystoma magdaleniatum cryopreserved in different cryoprotectant solutions.

Treatments

Parameters Fresh Sperm DMSO 5%
+Y 12%

DMSO 5%+SMP
5%

DMSO 10%
+Y 12%

DMSO 10%
+SMP 5%

MET 5%
+Y 12%

MET 5% +SMP
5% MET 10% +Y 12% MET 10% +SMP

5%

Mt (%) 95.4 ± 2.1 a 57.2 ± 6.4 b 45.7 ± 3.8 c 52.3 ± 4.3 b 35.3 ± 1.7 d 41.0 ± 1.5 cd 45.2 ± 5.1 c 34.9 ± 1.9 d 40.3 ± 1.6 cd

Pro (%) 42.0 ± 1.9 a 10.7 ± 1.8 b 5.6 ± 1.4 d 7.7 ± 0.8 c 1.2 ± 0.3 f 3.4 ± 1.3 ef 5.1 ± 1.1 de 1.2 ± 0.2 f 1.4 ± 0.1 f

Rap (%) 15.0 ± 2.0 a 6.0 ± 1.1 b 4.2 ± 0.7 c 3.0 ± 0.4 c 0.4 ± 0.1 d 4.4 ± 0.5 c 1.5 ± 0.2 d 0.7 ± 0.1 d 0.5 ± 0.1 d

Med (%) 51.5 ± 0.4 a 15.5 ± 1.7 b 5.3 ± 0.7 d 10.7 ± 0.5 c 2.2 ± 0.7 ef 4.9 ± 0.8 d 3.3 ± 1.0 e 1.4 ± 0.8 f 1.7 ± 0.7 f

Slo (%) 28.6 ± 0.6 a 38.3 ± 1.9 cd 41.1 ± 1.0 e 41.7 ± 2.2 e 32.4 ± 1.2 b 34.1 ± 7.2 c 40.1 ± 6.1 d 32.7 ± 1.8 b 36.6 ± 3.9 cd

Imm (%) 5.1 ± 0.5 a 39.4 ± 2.8 b 54.7 ± 3.9 e 48.1 ± 4.0 c 64.7 ± 1.7 d 60.6 ± 4.2 de 54.2 ± 5.1 d 65.0 ± 1.9 d 61.3 ± 4.5 d

VCL (µm/s) 63.7 ± 4.9 a 45.6 ± 3.1 b 20.2 ± 0.9 e 35.2 ± 3.5 c 23.0 ± 0.9 d 30.5 ± 6.0 c 29.8 ± 8.2 cd 20.5 ± 0.4 e 21.1 ± 0.8 e

VSL (µm/s) 38.3 ± 1.5 a 12.8 ± 1.1 c 6.8 ± 1.4 d 16.7 ± 2.0 b 5.5 ± 0.9 d 6.6 ± 1.5 d 6.5 ± 1.4 d 6.5 ± 2.3 d 4.9 ± 0.5 d

Md (s) 33.2 ± 2.0 - - - - - - - -

Sc (×106 Spz/mL)
20,270.1 ±

1245.1 - - - - - - - -

Mt: total motility, Pro: total progressivity, Rap: rapid, Med: medium, Slo: slow, Imm: immotile, VCL: curvilinear velocity, VSL: linear velocity, Md: duration of motility, Sc: sperm
concentration, DMSO: dimethyl sulfoxide, MET: methanol, SMP: skimmed milk powder, Y: egg yolk. Glucose 6% was used as an extender in all solutions. Different letters in the row
indicate significant differences (p < 0.05).
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4. Discussion
Cryopreservation significantly impacts seminal quality at multiple stages—pre-

freezing, freezing, and thawing—due to cryoprotectant toxicity and osmotic and ther-
mal stress. These factors contribute to structural damage such as flagellar detachment,
plasma membrane rupture, weakening of the midpiece, and alterations in mitochondria
and DNA [14,20,24]. In particular, mitochondrial disruption reduces ATP production,
which compromises energy availability for sperm motility [25,26]. Since sperm needs ATP
to support motility and biochemical processes essential for fertilization, any disruption
directly affects reproductive potential. Although this phenomenon is well documented in
other species, little information exists for P. magdaleniatum, reinforcing the relevance of the
present study.

The osmolarity of seminal plasma in P. magdaleniatum (251.1 ± 3.3 mOsmol/Kg) is like
that reported by other authors in migratory pimelodid catfish such as Pseudoplatystoma metaense
(259.3 ± 3.5 mOsmol/Kg) [16] and Sorubim cuspicaudus (273.3 ± 7.2 mOsmol/kg) [20].

The results of the present study show that all cryoprotective solutions tested were hy-
perosmotic (1248.3 ± 19.9 to 3488.2 ± 1.5 mOsmol/Kg). In pre-frozen semen, the best sperm
kinetic values were observed in solutions containing 5% DMSO or MET combined with
5% SMP or 12% Y, which recorded osmolarities lower than ~2200 mOsmol/kg. In thawed
semen, the best sperm kinetic values were obtained with 5% or 10% DMSO combined with
12% Y. However, the best fertilization and embryo viability rates in thawed semen were
recorded when 5% DMSO or 10% MET was combined with 5% SMP, suggesting that SMP
may play a key role in preserving the fertilizing capacity of cryopreserved sperm, likely
through mechanisms related to membrane stabilization under osmotic and thermal stress.
A recent review highlights the use of powdered milk as a non-permeable cryoprotectant
and its effects against free radicals and thermal shocks in the cryopreservation of fish
semen [27].

Furthermore, when DMSO was included at 10%, combined with 5% SMP or 12% Y, or
MET was included at 10%, combined with 12% Y, no fertilizing capacity of the semen was
recorded. These solutions recorded osmolarity above 2900 mOsmol/kg. These findings
indicate that the evaluation of sperm kinetics (total motility and types of motility) does not
constitute a reliable criterion to predict the fertilizing capacity of cryopreserved semen [28].
The fertilizing capacity of cryopreserved semen is influenced by the type of cryoprotectant,
its concentration, and the combinations used. Furthermore, it does not depend solely on
motility but mainly on the integrity of DNA and the plasma membrane [12,29].

Herrera-Cruz et al. [19], using DMSO (5 or 10%) with 3% SMP in cryopreservation
of striped catfish semen, obtained lower values of total motility (17.4–17.6%) and rapid
(0.4–0.1%) and medium (0.5–1.0%) spermatozoa than those obtained in the present study
with DMSO (5 or 10%) combined with 5% SMP, which suggests a better performance of
sperm kinetics in thawed semen when SMP is included at 5%. Ramirez-Merlano et al. [18],
in the cryopreservation of Pseudoplatystoma metaense semen, obtained lower total motility
values using 12% MET and 12% Y (23.3 ± 5.4%) or 10% DMSO and 5% SMP (22.5 ± 4.4%)
than those obtained in the present study with similar cryoprotectants: MET 10% + Y 12%
(34.9 ± 1.9%) and DMSO 10% + SMP 5% (35.3 ± 1.7%). Comparable results have been re-
ported in other siluriform catfishes. For example, Handayani et al. [30] observed acceptable
post-thaw sperm motility in Clarias batrachus (Clariidae), while Pereira et al. [31] reported
33.1 ± 1.54% motility in Steindachneridion scriptum (Pimelodidae). Both studies demon-
strated good sperm viability using 10% DMSO, which is consistent with our observations
in Pseudoplatystoma magdaleniatum.

In Sorubim cuspicaudus, cryo-damages to DNA and mitochondria were recorded using
cryoprotective solutions with osmolarities above 1500 mOsmol/Kg [20]. It has been sug-
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gested that cryo-damages to spermatozoa are severe when hypertonic solutions above 1500
mOsmol/Kg are used [32]. The results of the present study show that all cryoprotective
solutions used in the cryopreservation of P. magdaleniatum semen were hyperosmotic. Even
though sperm viability was recorded after exposure to these media, their fertilizing capacity
was affected.

In all treatments, thawed semen recorded a reduction in total motility (38.2% to 60.5%)
compared to fresh semen. Similar trends were observed in motility types (rapid and
medium) and progressivity, with the lowest values recorded in treatments combining
10% DMSO or MET (5% or 10%) with either of the two non-permeable cryoprotectants
analyzed in the study. These reductions reflect the cryoinjury associated with specific
cryoprotectant combinations.

Another cause affecting sperm motility is damage to the sperm membrane, which
causes the loss of some internal components of the cell and reduces its enzymatic activ-
ity [33]. Martínez-Páramo et al. [34] consider that the freezing and thawing processes
induce alterations in the lipid bilayer of the sperm membrane, causing its destabilization
and the loss of cellular components. These alterations not only affect sperm motility and
viability but also increase lipid peroxidation and the percentage of static sperm. Some
studies report that proteins, which are generally reduced in sperm during cryopreservation,
are associated with energy availability for movement, such as those with catalytic activity
and ATP [33,35].

Sperm quality is the ability and capacity of a sperm to successfully fertilize an egg
and trigger the development of a viable embryo [36]. In addition, quality parameters
suggest the efficiency of a cryopreservation protocol [14], but fertilizing capacity is the
key test in evaluating seminal quality [37]. The results of the present study suggest that
the cryoprotective solutions that showed the best fertilizing capacity of cryopreserved
semen, in terms of fertility and embryo viability rates, were those using 5% DMSO or 10%
methanol combined with 5% SMP. Semen cryopreserved with these cryoprotective solutions
registered a fertilizing capacity equivalent to one-fourth or one-fifth of that obtained with
fresh semen (F = 73.0 ± 1.3%, E = 59.7 ± 1.6%). In a recent review on permeable and
non-permeable cryoprotectants in the cryopreservation of fish semen, it was suggested
that 10% methanol combined with 15% milk powder recorded the best motility of thawed
semen using motility as a criterion [27]. In the present study, fertilizing capacity was used
in addition to motility, and the results suggest 10% methanol or 5% DMSO combined with
5% milk powder.

Fertilizing capacity requires more than high sperm motility; it also requires the overall
well-being of the sperm because cryopreservation processes cause damage to DNA, mito-
chondria, and flagella, among others [24,38,39]. Therefore, it is suggested that relatively
high percentages of total motility are not necessarily reflected in high fertility rates [40].
Müller et al. [41], using methanol in Clarias gariepinus, recorded embryo viability rates
(12.5 ± 9.3%) similar to those obtained in the present study when MET 10%+SMP5% was
used (E = 11.5%).

According to the results, the percentages of inclusion of the cryoprotectant significantly
affected the fertilizing capacity. Each cryoprotectant in the different inclusion percentages
performed differently on the sperm cells of P. magdaleniatum, highlighting the use of DMSO
at 5% and MET at 10%. Cellular stress caused by exposure to cryoprotectant solutions
(pre-freezing) during freezing and thawing is well known and widely reported. These
phases induce physical and biochemical damage that compromises sperm structure and
function [41–46].

In the present study, sperm kinetics and fertilization capacity of thawed semen were
evaluated. The results of this study demonstrate that a combination of 10% methanol or 5%
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DMSO with 5% skimmed milk powder (SMP) is a suitable protocol for cryopreservation
of P. magdaleniatum semen. However, the concentration of 5% SMP was selected based on
previous studies in related fish species. Further studies evaluating higher SMP inclusions
(e.g., 10–15%) are suggested to determine whether they could improve sperm quality and
fertilization capacity of cryopreserved P. magdaleniatum semen.

The cryopreservation of Pseudoplatystoma corruscans semen was successfully achieved
using methanol combined with egg yolk or powdered milk, resulting in fertilization rates
between 11% and 38% [47], similar to those in the present study (~20%). However, this study
is the first to report successful embryo viability from cryopreserved semen in the genus
Pseudoplatystoma. Despite the modest embryo viability rates (~11%), this result represents a
significant advance in the reproductive biotechnology of this Neotropical catfish.

5. Conclusions
Cryosolutions composed of 5% dimethyl sulfoxide or 10% methanol, combined with

5% skimmed milk powder and diluted in 6% glucose, are suitable for the cryopreserva-
tion of Pseudoplatystoma magdaleniatum semen. Despite the need for further refinement to
enhance fertilizing and embryo viability outcomes, this study reports, for the first time,
successful embryo viability rates using cryopreserved semen in the genus Pseudoplatys-
toma. This finding represents a significant advancement in reproductive biotechnology for
Neotropical catfish.
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