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Assisted reproductive technologies have been used in zoos and breeding centres to preserve rare and endan-
gered species of wild animals over the past three decades. The most common way to preserve the genetic
material of farm and wildlife animals is to create cryobanks of semen producers and embryos. Studies of
domestic species under controlled conditions provide an excellent opportunity to develop effective semen
handling techniques for application to wild species of the genus Equus. The All-Russian Research Institute
for Horse Breeding (ARRIH) began studies on the cryopreservation of genetic resources in the early 1950s. In
1954 the ARRIH got the world’s first foal from the artificial insemination by cryopreserved sperm. The col-
lection of genetic resources of ARRIH has been successfully working since 1972 and contains nowadays cryo-
preserved sperm from 56 stallions of 16 breeds of domestic and foreign selections. Freezing and subsequent
thawing of stallion sperm leads to a decrease in progressive sperm motility and an increase in the number of
sperm with structural pathologies. Electron microscopy is one of the most accurate methods used to assess
the structural integrity of sperm. We conducted an electron microscopic study of native and cryopreserved
sperm of 35 stallions of riding and trotting breeds, aged 4 to 22 years (mean age 11.3 + 0.9 years). We found
that organoids with a denser structure are more resistant to freezing and subsequent thawing of sperm. The
use of stallion sperm cryopreservation according to the standard technology of ARRIH leads to a decrease in
the number of sperms with intact heads by an average of 19.7%, and the share of sperm with intact heads in
cryopreserved sperm is 49.1 = 2.7% (p < 0.001). The most negatively cryopreservation of semen affects an
acrosome of sperms. The main pathologies of acrosomes in sperm cryopreservation are acrosome hypoplasia
and its degradation (secondary absence of acrosome). The number of spermatozoa with acrosome hypoplasia
and the absence of internal content after cryopreservation increases by 20.9%, and the share of such sperms is
31.7% in thawed sperm (p < 0.001). The number of sperm with acrosome degradation during sperm freezing
and thawing increases by 10.4%, and is 18.6 + 2.4% in average. The share of spermatozoa with normal mito-
chondrial structure in native sperm is 89.3 + 2.0% in average, in cryopreserved sperm — decreases by 6.5%.
The share of spermatozoa with normal axoneme after cryopreservation decreases slowly, averaging by 4.4%
and is 81.4 +2.0%. Some of the available assisted reproduction technologies will need to be further optimised
in domestic horses before they can be applied to the endangered Przewalski’s horse Equus ferus przewalskii.
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Introduction

Assisted reproductive technologies have been
used in zoos and breeding centres to preserve rare
and endangered species of wild animals over the
past three decades. There are bioresource collec-
tions of genetic material of different species of
farm animals and representatives of wild fauna in
order to preserve the genetic diversity of the ani-
mal world in Russia.
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Studies of domestic species under controlled
conditions provide an excellent opportunity to
develop effective semen handling techniques for
application to wild species of the genus Equus
Linnaeus, 1758. But, despite the progress that has
been made in the field of assisted reproduction in
domestic horses Equus ferus caballus Linnaeus,
1758, over the course of the last years, the work
with Przewalski’s horses Equus ferus przewal-
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skii Poliakov, 1881, in zoos of Russia and neigh-
bouring countries have not been carried out. An
important problem on the conservation of the
Przewalski’s horse is that information about its
reproductive biology is insufficient. This makes it
difficult to apply even basic methods of assisted
reproductive technologies, such as artificial in-
semination and embryo transfer, let alone more
advanced technologies.

Due to the significant reproductive similarity
between wild and domestic horses, the latter can
be used to optimise cryopreservation and embryo
production protocols for application to wild equids
in future. Some of the available assisted reproduc-
tion technologies will need to be further optimised
in domestic horses before they can be applied to
the endangered Przewalski’s horse.

Studies of cryopreservation of genetic resourc-
es began at the All-Russian Research Institute for
Horse Breeding (ARRIH) in the early 1950s. In
1954 the Institute for Horse Breeding received the
world’s first foal from the artificial insemination by
cryopreserved sperm. The collection of genetic re-
sources of ARRIH has been successfully working
since 1972 and nowadays contains cryopreserved
sperm from 56 stallions of 16 breeds of domestic
and foreign selections (Lebedeva et al., 2015). Sci-
entists store cryopreserved sperm of many stallions
in a biocollection for several decades and use it for
artificial insemination of mares. Cryopreserved
sperm of Tersk breed stallion Samotsvet (Symbol
— Cima), born in 1959, has the longest period of
storage, the sperm has been stored in the Cryobank
since 1972 and still has a high fertilising ability
(Naumenkova et al., 2013).

Indicators of quality and cryostability of stallion
sperm depend on many factors, including hereditary
and ecophysiological factors (Bagirov et al., 2017),
the state of reproductive and somatic status of ani-
mal, etc. The greatest negative impact on sperm at
all stages of work has its freezing and subsequent
thawing (Atroshchenko et al., 2017). Reducing the
number of sperm with progressive motility during
freezing is one of the main problems in cryopreser-
vation of stallion sperm. Thawing of frozen sperm
leads to an increase in the number of sperms with
structural damage of acrosomes, mitochondria, cell
membranes in addition to reducing progressive mo-
tility (Atroshchenko & Bragina, 2011). Sperm with
structural damage of these organelles is not able to
fertilize the egg in vivo.

Light microscopy is one of the main methods
of sperm quality evaluation. But determination
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of the integrity of sperm organoids requires the
use of specialised evaluation methods. Electron
microscopy is a method used to assess the struc-
tural integrity of sperm (Zamboni, 1987). Electron
microscopic examination allows qualitative and
quantitative assessment of the state of cellular or-
ganelles necessary for the sperm fertilising func-
tion (Pesch et al., 2006). The study of cryopreser-
vation’s effect on the structural integrity of germ
cells allows objectively evaluating the loss from
different organelles damage of sperm during the
process of freezing.

The aim of this work is to study the structural
integrity of spermatozoa in stallions using electron
microscopy and to assess the damage of organoids
during sperm cryopreservation.

Material and Methods

We examined 35 stallions of riding and
trotting breeds, aged 4 to 22 years (mean age
11.3 +£ 0.9 years). We evaluated each received
sperm ejaculate according to the following pa-
rameters: ejaculate volume after filtration, con-
centration, progressive motility and sperm sur-
vival at a temperature of (T) +4°C. To dilute the
sperm, we used lactose-chelate-citrate-yolk me-
dium (LCHCY) in the ratio of volumes 1 : 3. Then
we froze sperm in vapors of liquid nitrogen in 18
ml aluminum tubes following the standard tech-
nology worked out at the ARRIH and carried out
thawing of the frozen sperm in a water bath at a
temperature +40°C during 90 seconds.

To conduct electron microscopy we diluted
samples of native and cryopreserved sperm with
isotonic NaCl solution in a ratio of 1 : 10; added
a fixator — 2.5% solution of glutaraldehyde («Ted
Pella Inc.», USA), prepared on 0.1 M cacodilate
buffer (pH 7.2) («Sigma», USA); centrifuged 15
min at 300 g; removed the sedimentary liquid, fixed
the precipitate with the same fixator and addition-
ally fixed with 1% solution of osmic acid («Servay,
Germany) and poured into epon («Flukay», Ger-
many). Then we obtained ultrathin sections on the
microtome UltraCut III («Reichert Jung Optische
Werke AG», Austria), stained it with an aqueous
solution of uranyl acetate and lead citrate («Ser-
va», Germany) and scanned in an electron micro-
scope Hitachi 700 (Japan). Next we studied sperm
with magnification 5000x (general viewing), and
16000x-25000% (the study of organelles); we
evaluated 150 cells in each sample.

We performed the statistical processing using
the program Statistica 8.0 («StatSoft Inc.», USA)
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and presented the data as M = SE, where M is the
mean, SE is the standard error of the mean. We de-
termined the statistical significance between the in-
dicators using Student’s t-test and considered dif-
ferences statistically significant at p < 0.05.

Results and Discussion

The number of sperm with progressive motil-
ity decreased after sperm cryopreservation in av-
erage from 62.7% to 27.7% (p < 0.001) (Table).
Sperm survival at +4°C also decreased from 117.0
hours to 48.5 hours (p < 0.001).

According to electron microscopy data acro-
some is present in 91.8 £ 1.6% of spermatozoa in
native sperm of stallions, respectively, the num-
ber of spermatozoa with acrosome degradation
(acrosome reacted) is 8.2%. Acrosome is present
in 81.4 + 2.4% of spermatozoa (p < 0.001) after
cryopreservation of stallion sperm. The number of
sperm with acrosome degradation during sperm
freezing and thawing increases by 10.4%. Assess-
ment of acrosome integrity is a reasonable alter-
native to the experimental penetration tests. With
the help of electron microscopy we can reliably
determine the acrosome integrity, the state of its
enzyme apparatus and the post-acrosomal segment
involved in the attachment of the sperm to the egg.

One of sperm acrosomes pathologies is the
primary or secondary absence of acrosomes. The
primary absence of acrosome includes globulozoo-
spermia — a disease of genetic nature. The second-
ary loss of an acrosome is a result of premature
acrosome reaction, in other words destruction of

an existing acrosome. We can see in this case a de-
struction of plasma membrane and the appearance
of nuclear envelope on the surface of sperm in the
acrosomal zone. In a physiological acrosomal re-
action intact sperm retains a postacrosomal region
and plasma membrane of the postacrosomal seg-
ment (Bragina & Bocharova, 2014). According to
Bragina & Bocharova (2014) the number of sperm
cells with reacted acrosome does not exceed 20%
in ejaculate of fertile men, and the presence in the
ejaculate of increased (> 20%) sperm content with
a reacted acrosome (with acrosome degradation)
may cause a decrease in sperm fertility. Pesch et al.
(2006) established a significant negative correla-
tion between the number of sperm with acrosomes
located far from nucleus and fertility of stallions.

Electron microscopic examination also allows
diagnosing another acrosome pathology — acro-
some hypoplasia and the lack of internal content
(acrosome enzyme deficiency). The population
of sperm with a compact content of acrosome in
native sperm is 89.2 £ 1.1%, after cryopreserva-
tion of sperm this data reduces to 68.3 + 2.3%.
The number of spermatozoa with acrosome hy-
poplasia and the absence of internal content af-
ter cryopreservation increases by 20.9%, and is
31.7+2.3% (p < 0.001).

Spermatozoa with a normal shape of nucleus
make up 94.7 = 1.4% in native stallion semen, and
their number reduces by 2.4% after cryopreserva-
tion. The number of sperm cells with nuclear chro-
matin vacuolation after freezing-thawing increases
by an average of 1.5%, and is 2.7% (p < 0.05).

Table. The effect of cryopreservation on sperm quality and the integrity of sperm organelles (n = 35)

. Sperm
Indicator -

native thawed
The volume of the ejaculate, ml 54.5+3.88 -
Concentration, million/ml 216.8 £ 15.27 —
Progressive mobility, % 62.7+2.69 27.7 £ 1.73%*
The survival rate at T +4°C, hour 117.0 £ 12.35 48.5 £ 5.74**
The acrosome is present, % 91.8+1.6 81.4 £ 2.4%*
Acrosomal hypoplasia, % 10.8 £ 1.1 31.6 £2.3**
Normal core shape, % 947+ 1.4 923=+1.6
Vacuolated chromatin of the nucleus, % 1.2+04 2.7+0.5%
Destroyed chromatin, % 0.5+0.2 1.1+£04
Spermatozoa with intact heads, % 68.8+2.5 49.1 £2.7**
Spermatozoa with normal shape and structure of mitochondria, % 89.3+2.0 82.8 £2.5*%
Spermatozoa with normal shape and structure of axoneme, % 85.8+£2.0 81.4+2.0

Note: * p <0.05; ** p <0.001.
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One of the main indicators of sperm quality,
determined by the method of electron micros-
copy, is a number of sperms with intact heads in
the ejaculate or in a dose for artificial insemina-
tion. Intact sperm heads are heads with normal
acrosomes, shape and chromatin of the nucleus.
In native stallion sperm the population of sperms
with intact heads averages 68.8 = 2.5%. That is,
even in freshly obtained sperm on average 31.2%
of sperms are diagnosed with various pathologies
of the head, and these sperms are not suitable for
fertilisation of the egg in vivo. In case of cryo-
preservation of sperm according to the standard
technology of ARRIH, the number of sperm with
intact heads decreases by an average of 19.7%
and 1s 49.1 + 2.7%.

The share of spermatozoa with normal shape
and structure of mitochondria in native sperm is
89.3 + 2.0%. The number of sperm with normal
mitochondria decreases by 6.5% during cryo-
preservation. The number of sperms with nor-
mal axoneme slightly decreases in the process
of freezing-thawing, on average by 4.4%, and is
81.4 +£2.0%.

Conclusions

After the study we can conclude that organ-
oids with denser structure are more resistant to
freezing and subsequent thawing of sperm. At
cryopreservation of stallion sperm according to
the standard technology of the ARRIH the num-
ber of sperms with intact heads decreases on aver-
age by 19.7% and makes 49.1 + 2.7% in cryopre-
served sperm. Stallion sperm cryopreservation has
the greatest negative effect on sperm acrosomes.
The main pathology of an acrosome during sperm
cryopreservation is acrosome hypoplasia and its
degradation (secondary absence of an acrosome).
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B nocnenuue Tpu recsaTuiieTys B 30011apkax U MMTOMHUKAX Ha4ajId MCIIOIb30BaTh BCIIOMOTaTelIbHBIE PETPOIyK-
TUBHBIE TEXHOJIOTHH JUIsl COXPAHEHHUS PEAKHUX M NCUE3AFOIINX BUJIOB JUKHX )KUBOTHBIX. CaMbIM pacrpoCcTpaHEH-
HBIM CIIOCOOOM COXPaHEHHUSI TEHETHUECKOTO MaTepHaja CelbCKOX03sHCTBEHHBIX JKMBOTHBIX U NPEICTaBUTEICH
JMKOW (ayHbI SBJISETCS CO3aHNe KPUOOAHKOB CEMEHHM MPOU3BOANTENCH U 3MOproHOB. [l npencraBuTenen
pona Equus ucciaeoBaHus JOMAIIHUX BUIOB B KOHTPOJIMPYEMBIX YCIIOBHSIX JAIOT MPEKPACHYIO BO3MOXKHOCTD
paspaborarb 3¢ deKTUBHbIE METOIbI 00paOOTKU CHEPMBI JIJIsi IPUMEHEHHUs y AUKUX BUJOB. VccinenoBaHus 1o
KPUOKOHCEPBALMU I€HETHYECKUX PECYpCOB HAUaIUCh B HHCTUTYTE KOHEBOACTBA B Hadajne 1950-x rr. U B 1954
I. COTPYAHUKU HHCTUTYTa KOHEBOCTBA TIOJIyYHIIH IIEPBOTO B MUPE KepeOeHKa OT MCKYCCTBEHHOTO OCEMEHEHMS
KPUOKOHCEpBHPOBaHHOU criepmoit. Komekiust renetrnueckux pecypcos BHUU xoHeBozcTBa ycnemHo pado-
Taet ¢ 1972 r. U B HACTOsIIEE BPEMs CONEPKHUT KPHOKOHCEPBUPOBAHHYIO CriepMy OT 56 sxkepeO1ioB 16 mopos
OTEUECTBEHHOM M 3apyOeKHOH celeKnnH. 3aMOopaKMBaHHE M MOCIEAYIOIlee OTTauBaHHE CIEepMbI jkepeOIoB
BE/IET K CHI)KEHMIO IPOIPECCUBHOM MOIBM)KHOCTH CIIEPMAaTO30M0B M YBEJIMYEHHIO KOJIMYECTBA CIEpPMaTo-
30HMJI0B CO CTPYKTYPHBIMHU narojorusiMu. OZHUM 13 Hanbojiee TOYHBIX METOJOB MCIIOIb3YyEeMbIX, JUIsl OLEHKN
CTPYKTYPHOMW IIEJIOCTHOCTU CIIEPMATO30MIOB, SBISIETCS MIEKTPOHHAST MHKPOCKONHS. MBI IIPOBEIH AIEKTPOH-
HO-MHMKPOCKOIIMYECKOE MCCIIEI0BAHNE HATUBHOW M KPHOKOHCEPBUPOBAHHOI criepMbl 35 KepeOIloB BEPXOBBIX
U PBICUCTBIX TIOPOJ, B Bo3pacTe oT 4 1o 22 net (cpenuuii Bo3pact 11.3 + 0.9 ner). MBI yCTaHOBHWIIH, YTO Op-
raHouzpl ¢ Oosee IUIOTHOW CTPYKTYpOi HauOosiee yCTOWYMBBI K BO3/ICHCTBUIO 3aMOPAXKMBAHMS M TIOCIIEILYIO-
IIEr0 OTTaWBaHMUsl criepMbl. [IprMeHeHne KpHOKOHCEpBAalMH CIIEPMBI JKepeOIOB 110 CTaHAAPTHON TEXHOJIOTHU
BHMNMU xoHeBo/CTBa BEJIET K CHIPKEHUIO KOJIMYECTBA CIIEPMAaTO30H/I0B C MHTAKTHBIMH T'OJIOBKAMHU B CPE/HEM Ha
19.7%, Takum 0OpazoM, J0JIsl ClIEpMaTO301/I0B C HHTAKTHBIMU TOJIOBKAMH B KPHOKOHCEPBHPOBAHHOHN CHiepMe
cocrasisier 49.1 + 2.7% (p < 0.001). HanbGonee HeraTMBHO KPHOKOHCEPBALMs CIIEPMBbI JKepeOIIOB BIUSET Ha
aKpOCOMBI criepMaro30ouoB. OCHOBHBIMH MaTOJIOTHSMH aKpOCOM IIPU KPHOKOHCEPBAIMU CHEPMBI SIBIISIFOTCS
THITIOILIA3UST aKPOCOMBI M €€ Jierpasanus (BTOpHYHOE OTCYTCTBHE akpocoMbl). KonnuecTBo criepMaro30u/10B ¢
THITIOIUIA3UEeH aKpOCOMBI M OTCYTCTBHEM BHYTPEHHETO COIEPKUMOTO 110CIIe KPUOKOHCEPBALUH YBEIHYHBACTCS
Ha 20.9%, u cocrasiset 31.7% B orrasHHOM ciepme (p < 0.001). YucieHHOCTE CIepMaTO30HI0B C ACTpaaalli-
el aKpOCOMBI IIPH 3aMOPAXKMBAHUU-OTTAUBAHUK CriepMbl yBeanurnBaeTcs Ha 10.4%, n cocTaBiseT B cpeaHeM
18.6 + 2.4%. CrnepmaTo301/ibl ¢ HOPMAJIBHON CTPYKTYpOH MUTOXOHAPHM B HATHUBHOH cliepMe COCTaBIISIIOT B
cpenneM 89.3 + 2.0%, npu KpHOKOHCEPBAIMK UX KOJIMUYECTBO yMeHbIIaeTcs Ha 6.5%. IIpu kprokoHcepBauu
KOJINYECTBO CIIEPMAaTO30M/I0B C HOPMaJIbHBIMU aKCOHEMaMH CHM)KAETCsl HE3HAUUTENbHO, B cpeqHeM Ha 4.4% n
cocrasnser 81.4 +2.0%. HekoTtopsle U3 JOCTYMHBIX METOJJOB BCIIOMOIaTENIbHBIX PENPOLYKTHUBHBIX TEXHOJIOTHH
HEo0X0ANMO Oy/eT JIONOJIHUTENBHO ONTUMU3NPOBATh Y JIOMAIIHHUX JIONIAZEH, MPEX/Ie YeM MX MOXXHO Oyaer
MIPUMEHSTH K stomanu [IpxeBansckoro Equus ferus przewalskii.

KuaroueBblie cioBa: Equus ferus caballus, akpocoMbl, MUTOXOHJPUH, IPOTPECCUBHAS MOJABIKHOCTD, YIIbTpa-
CTPYKTYpa, 9KBUIbI, DJIEKTPOHHASI MUKPOCKOIUS
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