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Introduction
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(DeVries; Wohlschlag 1969) 



Antifreeze Proteins (AFPs)
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(Mahatabuddin; Tsuda 2018)



Ice Crystals
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(Pruppacher and Klett, 1978; Cotton et al., 2011; Correia et al., 2021)



AFPs and Ice Crystals
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(Voets 2017; Mahatabuddin; Tsuda 2018)



Mechanism of action
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A- Freezing inhibition

B- Freezing tolerance

C- Ice binding

(Eskandari et al., 2020)

Thermal Hysteresis

Inhibition of ice 

recrystallization



Thermal hysteresis
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(Flores et al., 2018; Correia et al., 2021)



Thermal hysteresis
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(Flores et al., 2018; Correia et al., 2021)



Thermal hysteresis
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(Flores et al., 2018)
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Inhibition of ice recrystallization
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(Naing; Kim 2019; Correia et al., 2021)
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(Tas et al., 2021)



Cryopreservation strategies
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(Tas et al., 2021)



AFPs in reproductive cryopreservation
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AFPs in reproductive cryopreservation
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AFPs in reproductive cryopreservation
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AFPs in reproductive cryopreservation
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AFPs in small ruminants sperm cryopreservation
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Antifreeze proteins slightly but

significantly reduce the loss in ram

spermatozoa motility during the

freeze-thaw process, suggesting

that these proteins could be used

to help protect spermatozoa from

damage during freeze-thawing,

particularly with the low

concentrations required.
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The presence of antifreeze protein did not influence ALP leakage,

whereas LDH leakage increased during prolonged post-thaw

incubations.
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Experimental design
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Experimento 1 - Resultados
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Estudo 2 - Resultados
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In conclusion, the addition of AFP

appears auspicious for cryopreserving

ram sperm cells. The use of AFP,

predominantly type I, increased sperm

cell protection during cryopreservation,

resulting in greater sperm kinetics, better

plasma integrity and greater percentage

of normal sperm cells. These results open

interesting possibilities to use AFP as a

sheep semen cryoprotectant.



To be published
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Experimental design
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3

Total of cryopreserved ejaculates = 43

Individually 

semen 

collection 

(ten rams)

Sperm kinetics and

concentration

evaluations

Individual 

Semen

CONT AFPI - 0.1 AFPI - 0.5 AFPIII - 0.1 AFPIII - 0.5

Liquid Nitrogen

Storage 

(Liquid nitrogen -196 ºC)

Thawing (35 ºC, 30 s)

• Sperm kinetics

• Plasma membrane integrity/functionality

• Sperm acrosome status 

• Sperm binding to egg perivitelline membrane

Cryopreservation

• Sperm kinetics

• Plasma membrane integrity/functionality

CONT AFP

Six collection days

GLMM

P<0.05



Results
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Results

34Wilcoxon signed-rank tests

When samples treated with AFP were
subjected to classification according to the
developed freezability model, considering PCA and
K-means clusters, it was detected that AFP
treatment did not alter semen freezability
(p = 0.132).

It was observed that eight (25.0%) ejaculates
of BF in the CONT extender were reclassified as GF
in the AFP extender.

Conversely, three (27.3%) ejaculates of GF in
the CONT extender were reclassified as BF in the
AFP extender.
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The addition of 0.1 µg/mL of AFP I appears as having

slightly different impacts in ram sperm with expected

different freezability profiles. However, the addition of AFP I

increased the percentage of sperm with fast velocity,

sperm plasma membrane integrity, and sperm binding to

the perivitelline membrane regardless of the freezability

pattern of ejaculates in sheep. These results indicate that

AFP is capable of mitigating some cryoinjuries

independently of the cryoresistency pattern of the sperm
samples.
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Experimental design
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Results
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The association of resveratrol
and AFP I did not improve the
quality of frozen-thawed ram
semen and induced some
deleterious effects compared to
the single addition of each one
in the semen extender.
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The presence of AFPIII at 1 µg/mL in freezing extenders can enhance the post-

thaw motility, membrane integrity, acrosome integrity, and viability of goat

spermatozoa. However, it should be noted that the positive effects of AFPIII

may be dependent on the specific cryopreservation approach used in this

study, such as the extender used and the freezing process.
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In conclusion, the addition of

AFP III to Tris-egg yolk extender,

used for the freezing of sperm

obtained from the epididymis of

goats, did not improve the

preservation of these cells.
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It was determined that some
of the additives added to the
Tris-based extender (ROCK
inhibitor 5 and 10 µM; boron
0.25 and 1 mM) provided a
significant improvement in
sperm motility while others,
antifreeze protein III 1 µg/mL
and boron (0.25 and 1 mM),
decreased the damage to DNA



AFPs in small ruminants oocyte cryopreservation
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Sheep
Ovaries
(n= 48)

COCs
recovery

COCs selection
FRESH CONTROL

Without vitrification (n=15)

VITRIFIED

G0: Without AFP (n=15)

G25: With 0.25 µg/mL AFP (n=15)

(n= 45)
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In conclusion, the addition

of 0.25 µg/ mL of AFP type I

in the vitrification process

seemed to affect positively

the expression of the MATER

gene.



Under analysis
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Sheep
Ovaries COCs

recovery

FRESH CONTROL
Without vitrification

VITRIFIED

G0: Without AFP I

G25: With 0.25 µg/mL AFP I



AFPs in small ruminants embryo cryopreservation
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No difference
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In conclusion these data indicate that AFPs and BSA can protect ovine

embryos during storage at Oº or 4ºC in vitro for 4 d and result in high
survival after in vitro culture or in vivo transfer. If the mechanism of

protection against hypothermia-related perturbations could be

extended for longer periods (beyond 2 d) and across a wider range of

biological cell types (gametes, tissues and organs), then it would have

enormous theoretical and practical implications. A specific role for

AFPs has not been fully established, and it will require further

elucidation to optimize their properties.
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No difference
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As a cryoprotectant, ApAFP914 can increase the hatching rate, indicating that AFP

can be used for sheep embryo cryopreservation. However, high concentrations of

AFP tend to reduce developmental efficiency.
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Experimental design
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0.1 µg/mL 

AFP I

0.5 µg/mL 

AFP I

AFP I 

free
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Results
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Results
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Results
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The addition of AFP I does not affect the survival and viability of in
vivo-derived sheep embryos cryopreserved. The supplementation
of 0.1 μg/mL of AFP I in slow freezing solution enhances
mitochondrial activity within 24 h of IVC, maintaining oxidative
stress homeostasis and gene modulation, being a potential
supplementation to be applied in slow freezing medium of sheep
embryos.



New strategies
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AFP I

AFP III

Antioxidants

Extracellular vesicles



Conclusion
➢Potential cryoprotective agent

➢Different types of antifreeze proteins

➢Best results at low concentrations

➢Effects on the cryosurvival of gametes and embryos

• There are still gaps to be answered...
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