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Sheep endangered species in Mediterranean area



Conservation Methods



«Liquid Nitrogen Cycle»



Freeze-dry



Is it possible to freeze-dry spermatozoa?
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What has been done?
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“…il contadino le somministrava quanto vi ha più di scadente fra le materie diverse che si usano e servono come 
foraggio: le fronde di potatura dell’olivo, le foglie verdi o secche, gli sterpi, le radici, l’erbe raccolte nei fossi o lungo 
le prode dei campi, la gramigna, lo strame, la paglia…’’

Giovanni Savazzini (1910) Le Pagliarole

Pagliarola breed



Freeze-dry Ram Spermatozoa



ICSI with freeze-dried semen



The lyophilized spz preserves the morphology post-rehydration

Anzalone et al.
2018



ICSI  with FD spz requires chemical activation

Groups Nr. Oocytes Lysed (%) 2-Cells (%) Non divided (%) Fragmented (%) Blastocyst (%)

ICSI 

Frozen
22 3/22 (13,6) 7/19 (36,8) 10/19 (52,6) 2/19 (10,5)c 6/19 (31,57)

ICSI-

FDSna
52 7/52 (13,5) 5/45 (11)a 29/45 (64,4) 11/45 (24,4) 0/45 (0)

ICSI-FDSa 42 4/42 (9,5) 12/38 (31,6) 15/38 (39,5)b 11/38 (29) 2/38 (5,2)d

Anzalone et al.
2018



Freeze-dried spermatozoa: an alternative biobank for endangered species

Anzalone et al.
2018



Lyophilization of the epididymal sperm

Cases of male infertility (eg Azoospermia)

Epididymal spermatozoa



Lyophilization of the epididymal sperm



Lyophilization of the epididymal sperm

Spermatozoa with 

Normal DNA (%)

Spermatozoa with

Fragmented DNA (%)

SSBs DSBs

Ram #1 3.8 95.9 0.3

Ram #2 28.0 70.0 2.0

Ram #3 2.8 92.6 4.6

Ram #4 5.0 93.0 2.0

Palazzese et al.
2018



N. oocytes Fragmented (%) Not-Divided (%) 2-Cells (%)
Expanded 

Blastocyst (%)

Ram #1 72 6 (8.3)a 57 (79.2)c 9 (12.5) 0 (0)

Ram #2 83 22 (26.5) 38 (45.8) 23 (27.7) 5 (6.0)g

Ram #3 58 12 (20.7) 29 (50.0) 17 (29.3) 0 (0)

Ram #4 64 16 (25.0) 36 (56.3) 12 (18.8) 4 (6.3)h

EJ-sperm 242 57 (23.6)b 107 (44.2)d 78 (32.2) 23 (9.5)i

IVA 210 52 (24.8) 44 (21.0)e 114 (54.3)f 42 (20.0)j

The DNA fragmentation of the epididymal ram spz affects embryonic 
development

Palazzese et al.
2018



How to improve
the freeze drying protocol?



Understanding the lyophilization Step by step

Freezing

Freeze-dry

Rehydration

Pack
ag

in
g

Ly
o
p

h
il

iz
at

io
n



Elimination of liquid nitrogen

Economical, safety and environmental issues?
Can we use milder sub-zero temperature before sublimation?



Experimental Design

Freezing

Until -50°C

Semen

Freezing in 
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Embryo Development
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Slow freezing better preserve acrosome integrity

LN-group

SF-group

Palazzese et al. 2020
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Sperm Chromatin Structure stability in LN and SF group

LN-Group SF-Group

ALPHAT 0.4105±0.0023 0.4085±0.0022

ATSD 0.0206±0.0015 0.0194±0.0014

DFI 9.203±1.465 5.385±1.403

HG 1.475±0.214 1.314±0.205

• No significant difference between the two methods but more DNA fragmentation in LF-group

ALPHA-T=the degree of abnormal chromatin structure with an increased susceptibility to acid-
induced denaturation

ATSD = ALPHA-T standard deviation, that shows the extent of abnormality in chromatin structure 
within a population

%DFI =  percentage of sperm with fragmented DNA
%HG = percentage of sperm with high green fluorescence  that is representative of the % of immature cells with 
reduced nuclear condensation 

Assessed by Sperm Chromatin Structure Assay (SCSA)

Palazzese et al. 2020



ICSI outcome

N. oocytes 2-Cells (%)
Expanded 

Blastocyst (%)

LN-group 75 19 (25.3) 2 (2.7)

SF-group 100 42 (42)* 7 (7)*

N. oocytes 2-Cells (%)
Expanded 

Blastocyst (%)

1 Month 283 89 (31.4)* 25 (8.8)*

1.5 Year 101 16 (15.8) 2 (2)

Short-medium storage (1-3 months)

Long storage

Palazzese et al. 2020
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Experimental design

Blastocyst from 
Lio. Spz

IVF Balstocyst

Global Methylation/
Trascriptome

Global Methylation/
Trascriptome

Cell line
establishment

Next Generation
Sequencing (NGS)



Cell line from whole blastocyst

Unpublished



From dry to life



Efficient cloning in terms of births: inadequate nuclear remodeling

Somatic NucleusSpz. Nucleus

Fetilization Cloning

Complete replacement Protamin with maternal 

histones
Somatic Histone Memory



Somatic Cell Protaminization

Adult Fibroblast Prm Gene

Transfection

Prm1-Somatic Nucleus

Somatic Cell Nuclear Transfer (SCNT) with 
Prm1-Somatic Nucleus

Matured Oocyte Enu.
Prm1-Somatic Nucleus

Injection
Blastocyst Rate 

Increasing of 10% Iuso et al. 2015



In Vitro Protaminization

Palazzese et al. 2018





How to protect DNA during 
Freeze-dry?



mRNA
vector

productio
n

Comulus Cells Fresh

Comulus Cells Freeze-dried

Comulus Cells-Prm1
-Freeze Dried

Experimental Design



It's not so easy!

3 months of training to produce 
clone blastocyst in mouse



GROUPS 1 PN (%) 2 CELL (%) BLASTOCYST (%)

24h POST-TRANSFECTION 47,69 74,19 38,71

48h POST-TRANSFECTION 50,00 39,47 18,42

CTR 80,00 50,00 25,00



DAPI OCT4/ICM

Cdx2/TE Merge

DAPI

OCT4/ICM Merge

Cdx2/TE

BLASTO FROM CELL 24h POST-

TRANSFCETION

BLASTO # ICM TE TOT.

1 7 46 53

2 8 105 113

3 7 73 80

4 8 78 86

5 8 35 43

AVERAGE 7,6 67,4 75

BLASTO FROM CELL 48h POST-

TRANSFCETION

BLASTO # ICM TE TOT.

1 4 89 93

2 10 73 83

3 9 66 75

AVERAGE 7,67 76,00 83,67
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