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This study aimed at examining the effects of different concentrations of hydroxyethyl starch (HES) on

quality of equine sperm following cold storage and cryopreservation.

In experiment 1, the semen was collected from 6 stallions (3 replicates). The semen was diluted with
extender for cold storage containing different concentrations of HES (2.5%, 5%, 10% and 15%). Extender without
HES (0% HES) served as a control group. The temperature of extended semen was gradually decreased to 4 °C. The
quality of sperm in terms of progressive motility and viability was evaluated after cold storage for 6, 24 and 48
hours. This study revealed that equine sperm maintained in extender with 2.5% and 5% HES had similar progressive
motility to that observed in a control group when examined within 24 hours of cold storage. However, the 2.5%
HES significantly improved progressive motility at 48 hours of cold storage when compared with the control (P<0.05).
In addition, this concentration of HES also resulted in a significant improvement of sperm viability only if examined
within 24 hours (P<0.05). There was no significant different between the control and 2.5% HES at 48 hours of cold
storage (P>0.05). Increasing concentrations of HES to 10% and 15% negatively affected to sperm quality during cold

storage.

In experiment 2, the semen was collected from 6 stallions (3 replicates). The semen was diluted with
a freezing extender containing different concentrations of HES (2.5%, 5%, 10% and 15%). Equine sperm frozen
without HES served as a control group. Sperm quality in terms of progressive motility, viability, DNA integrity,
acrosomal integrity, membrane functionality (hypo-osmotic swelling test, HOS test) and sperm longevity was
examined after cryopreservation and thawing at 0 (10 min), 1, 2, 4 and 6 hours post-thaw. This study revealed that
HES influenced on freezing ability of equine sperm. This effect was found to be a concentration
dependency. Equine sperm frozen with 2.5% HES had significantly higher progressive motility, viability and
acrosomal integrity when compared with a control group (P<0.05). In addition, this concentration of HES also
significantly improved progressive motility at 2 and 4 hours post-thaw when compared with the control group
(P<0.05). There was no further protective effect of HES against progressive motility if the concentrations of HES were
increased over 5%, similarly to the observation in the experiment 1. The 2.5% HES also positively improved sperm
viability at 6 hours post-thaw when compared with the control. However, no significant effect was observed at 0

and 4 hours post-thaw.

This study concluded that HES supplement in semen extender improved sperm quality during cold
storage and cryopreservation. However, optimal concentration of HES was required. The current study indicated
that the 2.5% HES was the optimal concentration that yielded the highest efficiency to protect equine sperm during
cold storage and cryopreservation. Further study to examine the interactions of HES and other compositions in
extender will need to be studied. In addition, it is necessary to use the equine sperm frozen with HES for
insemination in order to test their fertilizing ability.

Department:  Obstetrics Gynaecology and Student's Signature

Reproduction Advisor's Signature .

Field of Study: Theriogenology
Academic Year: 2017



ACKNOWLEDGEMENTS

This study was accomplished at the Department of Obstetrics,
Gynaecology and reproduction, Faculty of Veterinary Science, Chulalongkorn
University, Bangkok, Thailand. The study was financially supported by the 90th
Anniversary  of Chulalongkorn  University Fund (Ratchadaphiseksomphot

Endowment Fund).

| would like to express my appreciation to my advisor, Asst. Prof. Dr.
Theerawat Tharasanit for giving me a chance to study in the equine reproduction,
supporting me and being patient with me all the long period of my study. Your

advices and benevolences have been with me all my life.

| would like to thank the thesis committee, Assoc. Prof. Dr. Sudson
Sirivaidyapong , Prof. Dr. Kaywalee Chatdarong, Assoc. Prof. Dr. Chainarong Lohachit

and Assoc. Prof. Dr. Sukanya Manee-In for the valuable suggestions.

In addition, my thanks for Lt.Col. Jakkrit Phumchumphon, Maj. Parama
Pimpuy, Lt.Col. Thirawat Muangkot, Mr. Samruay Thaphchai, Cpl. Sarayuth
Thaphchai, Mr. Pornpong Potigun and all staffs of The First Livestock and Agriculture
Division, Veterinary and Remount Department, Thai army, Kanchanaburi province
for support the samples collection. This study will not be success without your

kindness.

| wish to thank Ms. Junpen Suwimonteerabutr for the technical support in
laboratory. The TT’s lab members including Ms. Dissaya Srinutiyakorn, Dr. Piyathip
Setthawong, Dr. Apichaya Sudsukh, Dr. Saengtawan Arayatham and Dr. Praopilas
Phakdeedindan for supporting my work and giving me warm friendship that | have
never found from anywhere. The post-grad students of OGR, especially Dr.
Janyaporn Rungruangsak, Dr. Chatwalee Boonthum and Dr. Sasithon Pugseesing to

sustaining me both of study and personal life.

Finally, | would like to thank my family for supporting and giving

encouragement to me all time. They are the most important people of my

Vi



CONTENTS

Page

THAT ABSTRACT .ottt iv
ENGLISH ABSTRACT ..ttt Vv
ACKNOWLEDGEMENTS ..ot vi
CONTENTS <ttt Vii
LIST OF TABLES .. v
LIST OF FIGURES ...ttt sttt Vv
LIST OF ABBREVIATIONS ...ttt vi
CHAPTER LT g A e N e v ereeeeemeeenraenensensacnenseneacnenseeacnessaneacnces 1
INTRODUCTION ...ttt 1
IMmportance and ratioNale ... 1
ObJECtiVES .o e T i 1 MLttt 2
HYPOTNESIS ..cveveererreeee R riresennsnseeriresLossrnesesesssnessridog B ceveverereseasesssesesensanssssssesesenssssssesaseans 2
EXPECTEA OUTPUL ..ottt ettt e 3
Keywords ......ccccee.. 2WAANOSUHBAIN B A G 3
CHAPTER II.............. S2 UL ALUINGRURIN. SINNERDLLY. e a4
LITERATURE REVIEW ...t a4
Characteristics of stallion SPEerM ... a4
SEMEN CryOPIESEIVATION. ...ttt 6
HydroxXyethyl STArCR ..o 7
CHAPTER T e 13
MATERIALS AND METHODS ...ttt 13

EXPErMENTAl DESIGN ...t 13



viii

Page

Materials aNd METNOAS ... 13
ANUIMQUS <.ttt 13
S5€MEN COURCTION ...t 14
Preparation of SemMen @XtENAEr ............ccccuiirniieeeieeseeee e 15
Hydroxy@thyl StQrch (HES) .......cooieieiieeeieieeee e 15
Semen cryopreservation ANd thAWING ...........cccceiiiiiieeiieseeee e 15
SPEIMMN @VAIUGTION ...ttt 16
SPErM MOIPNOIOGY ....cuvueiiiiiiieisiie ettt 16

Head MOIDRAOLOGY .......cccviiieieieiieieeeee e 16

TQIL MOIPRAOIOGY ... 16

MOTIUEY «.eeeeeeeeen i PREREEERPEY 11\ veieveveeenereisseseene s s sssesnn e tesssesnanteeas 16

Sperm CONCENTIATION ...ttt 17

SPEIM VIQDIUTY «.vvcvviiiiiiiiieieiiiiiiiisisieisiisisie et e 17

Functional membrane integrity (hypo-osmotic swelling test)................... 17

ACTOSOMQAU INEGITEY . 17

DINA TNT@GITTY ettt 18

LONGOVILY TOST ..ttt nes 18

SEALISEICAL ANALYSIS ...t 18

The SCOPE OF STUAY ..o 20
CHAPTER IV ettt 21
RESULTS ettt 21
CHAPTER Vet nen 31

DISCUSSION ..ttt ettt ettt et teneanes 31






LIST OF TABLES

Table Page

Table 1 Summarizing data contributing the use of HES on cryopreservation of

SOMatiC CellS AN SPEIMN ...uiiieiiiiec s 11
Table 2 Semen characteristics and quality of fresh stallion semen........ccccoveeeee. 22
Table 3 The average quality of stallion semen chilled for 6 hours.........cccccccovveenee. 23

Table 4 The progressive motility of chilled sperm incubated with

non-fat dry milk extender and different concentrations of HES................. 25
Table 5 The plasma membrane integrity (viability) of equine semen cooled

with non-fat dry milk extender and different concentrations of HES........ 26
Table 6 The quality of post-thaw semen with different concentrations of HES

supplemented eXTENAET ... 28
Table 7 The longevity test by mean of progressive motility of equine sperm

frozen with different concentrations of HES ..., 29
Table 8 The longevity test by mean of viability of equine sperm frozen with

different concentrations Of HES ..o oo 30



LIST OF FIGURES

Figure Page
Figure 1 Structure of @qUINE SPEIMN.......ciiiriee e e 5
Figure 2 STructure Of HES ..o s 8

Figure 3 Cryoprotective mechanism of HES in cryopreservation compared
With DMSO during COOLING......vuimiiiiiieiiieieieieisieeeee e 9

Figure 4 Diagram representing the experimental design..........cocccvevienicninccnenee 20



Al

AO

AV
BSA
°C

cm
CPA
DMSO
DNA
FITC-PNA
S

h

HES
HOS Test
kDa

ke

M

ms§
min
ml
mOsm
MS
MW
NFDM
sec

SEM

LIST OF ABBREVIATIONS

Artificial insemination
Acridine orange

Artificial vagina

Bovine serum albumin
Degree Celsius
Centimeter
Cryoprotective agent
Dimethyl sulfoxide
Deoxyribonucleic acid
Fluorescien isothiocyanate-labeled peanut agglutinin
Gram

Hour

Hydroxyethyl starch
Hypo-osmotic swelling test
Kilodalton

Kilogram

Molar

milligram

minute

milliliter

milliosmole

Molar substitution
Molecular weight

Non-fat dry milk extender
Second

Standard error of the mean

Vi



v/v
w/v
HS
l
UM

Volume/volume
Weight/volume
Microgram
Microliter

Micromolar

Vii



CHAPTER |

INTRODUCTION

Importance and rationale

Breeding technology is economically important for equine industry
worldwide. Natural mating has been used in several stud farms because this
technique is cost effective with high pregnancy rate. However, this breeding
technique do not allow short- and long-term semen storage. Natural cover is
therefore unsuitable for realistically breeding strategies when a large number of
mares will need to be mated. Artificial breeding by mean of artificial insemination has
thus become a tool of choice for equine industry. Semen to be used for artificial
insemination can be divided into three types according to the techniques used,
including fresh, cooled and frozen-thawed semen. Fresh semen and cooled semen
can be used to inseminate mares with high pregnancy rates (around 60 — 70%). In
contrast, pregnancy rates of mares can significantly low with large variability of
pregnancy results (10 — 40%). This results from poor quality of equine sperm
following cryopreservation and thawing. For example, sperm viability and motility
decrease immediately after thawing, and sperm will need be inseminated within 6 h
of ovulation (Samper, 2007) . In addition, two-third of the stallion populations will
give sperm that are intolerant to cryopreservation. This has become a large obstacle
of equine breeding since we may not be able to cryopreserve sperm even if the
stallions have high genetic background stallions with good performance at

competition.

Equine sperm are fairly sensitive to cold stress especially during
cryopreservation. The membrane fluidity of sperm membrane decreases rapidly
when temperature is reduced under their physiological temperature (Loomis and
Squires, 2005; Nicolson, 2014). Cryoinjury induces several changes at sperm structure

and functions such as plasma membrane disruption and poor fertilizing ability. This



cryoinjury can be occurred at any steps of freezing and thawing of the sperm (Parks
and Graham, 1992). To decrease cryoinjury during cryopreservation steps, freezing
extender with cryoprotective agents (CPA) will need to be used. Two types of CPAs,
including penetrating and non-penetrating CPA are commonly supplemented in the
semen extender (Mottershead, 2000). It is worth nothing that only penetrating CPA is
insufficient to protect sperm against cryoinjuries, and therefore both penetrating and
non-penetrating CPAs are synergistically required. Of non-penetrating CPA used for
improved cryopreservation, Hydroxyethyl starch (HES) has been demonstrated to
protect cells against cryoinjuries. The large molecule of carbohydrate which is
composed of glucose core and several branches of hydroxyethyl group modify the
outflow rate of water from the sperm during freezing, thereby preventing osmotic
stress and minimizing intercellular ice formation (Stolzing et al., 2012). The
cryoprotective effect of HES has been originally demonstrated for red blood cells.
However, the effect of HES on cryopreservability of sperm has yet to be
demonstrated in the stallion. The effects of different concentrations of HES and the
protective effects of HES during cryopreservation will be studied in order to improve

sperm quality following freezing, thawing and insemination.

Objectives

1. To study the effects of different concentrations of HES added in semen

extender on sperm quality during cold storage.

2. To study the effects of different concentrations of HES added in semen

extender on sperm quality following cryopreservation and thawing.

Hypothesis

1. Supplementation of HES in chilled and freezing extenders increased quality of
equine sperm.
2. Different concentrations of HES affected quality of chilled and frozen-thawed

equine sperm.



Expected output

1. The study provides information on an appropriate concentration of HES used

for cold storage and cryopreservation.

2. Improved quality of equine semen following cooing and cryopreservation can
be applied in field practice for increasing pregnancy rates of mares after

insemination.

3. The results obtained from this study can be published in an international

journal.

Keywords (English): cryopreservation, hydroxyethyl starch (HES), sperm, stallion

Keywords (Thai): nsududs, lensendiedia anisy, ogd, Wolh



CHAPTER Il

LITERATURE REVIEW

Characteristics of stallion sperm

The spermatogenesis cycle in stallion is around 57 - 60 days. This composes
of three different spermatogenic phases including spermatocytogenesis, meiosis and
spermiogenesis for 19.4, 19 and 18.6 days, respectively. In the stallion, the daily
sperm production is 7 - 8 x 10° sperm/day (Johnson et al., 1997). As similar to other
domestic species, the sperm are produced within the seminiferous tubules under the
control of several factors such as endocrine, paracrine and autocrine. The mature
stallions have ability to produce sperm since they reach the mean age of 18 months
(puberty). The processes of spermatogenesis occur in a wave like fashion, starting
from the spermatogonium (diploid, n=2) resided at the basement membrane of the
seminiferous tubules. The junctions of Sertoli cells, spermatogenic nursing cells, form
tight junctions that protect the spermatogonium as the blood-testis-barrier. The
primary spermatocytes are released from the blood testes barriers and develop into
spermatids (haploid, n=1). The spermatids are further developed to form structurally
mature sperm and released into the lumen of the seminiferous tubules. The
structure of mature sperm consists of head, midpiece and tail which is similar to
other species (Figure 1). The head of sperm contains the nucleus that is covered by
acrosomal cap. The midpiece is the position of mitochondria that serve as the energy
producer. The tail is responsible for movement and is critical to determine pattern of

motility during sperm transit and fertilizing ability.



Plasma membrane

Lipid bxlyer

Figure 1 Structure of equine sperm. The spermatozoa are divided into 3 parts, head,
midpiece and tail. Each part of the sperm essentially contributes a unique function

during sperm maturation and fertilization.

(modified from http://projects.nfstc.org/pdi/Subject03/pdi s03 m02 01 b.htm)

Of the structures of sperm, plasma membrane plays an important role for
sperm viability and fertilizing ability. The lipid bilayers cover all part of the sperm as
similar to other somatic cells. However, the sperm plasma membrane is distinct from
the somatic cells in that the membrane is reorganized by several factors during
hyperactivation and capacitation within the female reproductive tract. More
specifically, the lateral and the ‘flip-flop” movement of cholesterols between the
inner and outer membrane cause membrane dynamic which often refers to as
membrane fluidity. When the sperm are inseminated into the female reproductive
tract, the sperm undergo capacitation that renders the remodeling of plasma
membrane such as the cholesterol efflux and re-localization of several other
proteins (Lopez-Gonzalez et al., 2014). It is therefore essential to preserve sperm
plasma membrane integrity and its function during semen storage prior to the
insemination, especially when cold or cryopreservation is applied. Poor semen
handling and cryopreservation results in abnormal sperm morphology and disruption

of sperm viability and functions.



Semen cryopreservation

Stallion sperm are among several species that are highly sensitive to cold
temperature especially during the transition phase from liquid to gel states. Due to
its high cold sensitivities, the results obtained following semen cryopreservation, in
terms of sperm quality and pregnancy after insemination are generally poor, ranged
between 0 — 50%. In equine practice, three categories of stallion population have
been classified, including good, moderate and poor freezers (Samper, 2007). The
post-thaw sperm of good freezing group is 40 — 60% and the pregnancy rate is
around 60 — 70%. While the post-thaw sperm poor freezer is 10 — 15% and the
pregnancy rate is less than 30% (Cristanelli et al., 1984).

During cryopreservation process, sperm will expose to extremely unusual
environments during cooling and freezing that potentially render the cryoinjury. The
cryoinjury or cryo-damage affected the sperm at several levels, such as plasma

membrane integrity, mitochondrial and DNA (Aurich, 2005; Yeste, 2016).

When the sperm are exposed to freezing temperature, extracellular water will
first form ice crystal resulting in an increase solute concentration. The osmolality of
the solution will change and make the cell membrane exposing to the osmotic
stress. Intracellular water will move across the plasma membrane in order to get
cellular equilibrium. If penetrating CPA is added in the semen extender, the
cryoprotective agent will replace the intracellular fluid and acts to reduce
intracellular ice crystal formation. The formation of lethal intracellular ice formation
also depends on other factors, especially the cooling rate of cryopreservation
process. Improper cooling rate during cryopreservation of stallion semen such as too
slow or too fast freezing is critically harmful to stallion sperm. If the cooling rate is
too rapid, intracellular fluid remains at high amount upon freezing point. This
condition causes extensive formation of intracellular ice crystals that potentially
induce cellular damage. By contrast, too slow cooling induced dehydration of cells
which enormously induces chemically cytotoxic condition. For sufficient protection

of equine sperm during cryopreservation, it would need an optimal process during



cryopreservation in particular the extender composition and cooling rate

(Mottershead, 2000).

In order to minimize cryoinjuries that can occur during cryopreservation
process, the freezing extender is needed. The extender provides nutrients, buffer,
antibiotics and cryoprotective agents. Cryoprotective agents can be generally divided
into two types according to their property to pass across the plasma membrane,
penetrating and non-penetrating cryoprotective agent (CPA). In most protocol of
cryopreservation, the permeable CPAs such as glycerol, DMSO and ethylene glycol
are required, and each particular CPA has different molecular size and indeed the
transmembrane properties. In horse, glycerol is the most common CPA used for
semen cryopreservation. The optimal concentration of this CPA can be variable from
2 to 5 %. However, the exact concentration CPA to be added in the semen extender
is still unknown especially for horses where there are some interaction of CPA and
other compositions of the extender. In addition, it is worth nothing that each
particular stallion gives semen that differently reacts to semen extender and thus a
large variation in cryo-survival of sperm following cryopreservation is frequently
observed. Other components within the freezing also play a crucial role in
determining the success of semen cryopreservation. The non-permeable CPA is
frequently added in the freezing extender. Both permeable and non-permeable CPAs
acts synergistically to reduce cryoinjuries such as to reduce intracellular and

extracellular ice formation and osmotic buffer (Stolzing et al., 2012).

Hydroxyethyl starch

Hydroxyethyl starch is a synthetic modified polymer based on purified starch
of corn or potatoes (Treib et al., 1999; Boldt, 2009). The structure is composed of
glucose core with hydroxyethylation at carbon position C2, C3 or C6 (Treib et al,,
1999; Boldt, 2009).

Hydroxyethyl starch or HES is a non-penetrate cryoprotective agent due to its
large molecule. The action of HES is like natural absorbent that absorbs water

molecule around 0.5 g water per 1 g of HES (Kérber and Scheiwe, 1980) . The quality



of HES is dependent on their molecular weight, molar substitution and C2/Cé ratio in
their structure (Kozek-Langenecker, 2005). HES can be classified into three molecular
weights; the high molecular weight is >450 kDa; the medium one is 200 - 400 kDa
and the low molecular weight is <200 kDa. The stability of HES depends on
molecular weight, the higher form has low degradation rate due to its complex
structure. Degree of molar substitution or MS is the number of hydroxyethyl group
on the glucose core, the high MS is 0.62 — 0.75 or Heptastarch, the medium MS is 0.5
or Pentastarch and the low MS is 0.4 or Tetrastarch. Moreover, the C2/C6 ratio can

be considered as high ratio is >8 and Low ratio is <8.

The natural degradation of HES occurs in blood stream which is caused by
the alpha-amylase in serum. When the complex structures of HES have been
destroyed, they will loss of osmotic support property. They will lose of viscosity and

will be excreted by renal system.

KA I
[ch,ch0]

CH,CH,O CH,CH,0 | CH,CH,O |

Figure 2 Structure of HES (modified from Stolzing et al., 2012) there are some

hydroxyethyl groups on glucose core that connect with covalent bonds.

Hydroxyethyl groups can deposit on carbon atom at C2, C3 or C6.



Figure 3 Cryoprotective mechanism of HES in cryopreservation compared with DMSO

during cooling (modified from Stolzing et al., 2012).

HES principally protects cells by stabilization of extracellular osmolarity
changes during cooling. HES, as large molecule, also maintains its structure around
cells resulting water to diffuse across plasma membrane. The reduction of
intracellular water tremendously decreases intracellular ice formation during freezing.
The HES synergistically acts with the action of penetrating cryoprotectants such as
DMSO. HES is commonly used as plasma substitutes in order to stabilize the blood
osmotic pressure and blood pressure. However, the HES has also beneficially been
used for cryopreservation of somatic cells and sperm. The experimental studies on
cryopreservation is summarized in Table 1. It has been used to substitute animal
biological product such as bovine serum albumin (BSA) that may carry infection
agents such as hepatitis virus. The effect of HES (10 mg/ml) was similar to BSA when
incubated with human sperm in terms of the percentage of sperm recovery,
acrosome integrity and sperm motility (Matson and Tardif, 2012). HES has also been
used in combination of permeable CPA (glycerol) for cryopreservation of ram sperm.
The results indicated that HES (16% of saturate HES with egg yolk and glycerol) had
beneficial effects on post-thawed sperm quality (Schmehl et al., 1986). However, the
data of HES on quality of equine sperm is limited. Oldenhof et al. (2013)

demonstrated that HES at increasing concentration (20 %) could improve freezing



ability of equine sperm. Nevertheless, the effect of HES on fertility has not been

tested.

10
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CHAPTER Il

MATERIALS AND METHODS

Experimental Design

Experiment 1: effect of HES on sperm quality during cold storage

The semen collected from six stallions was divided to five aliquots and
incubated with non-fat dry milk extender with different concentrations of HES (2.5%,
5%, 10% and 15%, w/v). The semen incubated with NFDM without HES served as a
control group. The sperm were maintained in different conditions at 4 °C for 48 h.
The sperm quality was examined at 0, 24 and 48 h after cold storage. The
parameters for sperm evaluation included the total and progressive motility, viability,

acrosomal integrity and functional membrane integrity and DNA integrity

Experiment 2: effect of HES on sperm quality following cryopreservation and thawing
The semen was collected from six stallions, aliquot to five groups and then
randomly allocated to freeze with freezing extender containing different
concentrations of HES (2.5%, 5%, 10%, and 15%, w/v). The semen frozen without
HES served as control. After cryopreservation, the sperm were thawed and analyzed
for sperm quality at 0 hour (within 10 min after thawing, 1 hour, 2 hours and 4 hours
after thawing. The parameters for quality analysis included the total and progressive
motility, viability, acrosomal integrity, functional membrane integrity, DNA integrity

and longevity test.

Materials and methods

Animals

Stallions
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The samples were collected from six fertility-proven stallions at the First
Livestock and Agriculture Division, Veterinary and Remount Department, Thai army,
Kanchanaburi province. The breeds of the stallions were Oldenburg, Warmblood,
Irish Sport Horse and Holsteiner. Their ages were ranged between 5 - 15 years old
and the weights were approximately 400 — 500 kg. The stallions were fed with

concentrate food for three times a day with water and pangola grass ad libitum.

Semen collection

The stallion’s semen was collected by artificial vagina (AV) (Missouri model,
Manufactured by: NASCO). The phantom mare was used. The AV was filled with
approximately 1 liter of 45 — 50 °C water. The amount of water added in the AV was
adjusted for individual stallion. The semen collection from each stallion was
performed at least 3 replicates with at least 2 days intervals. After semen collection,
the semen was observed for volume and color. The semen was filtered through
sterile gauze to remove gel fraction of the semen. The gel free fraction was extended
with non-fat dry milk extender prior to semen evaluation. The evaluations of the
semen included sperm morphology and motility. The semen samples having less
than 70% normal head of sperm morphology, 50% normal tail morphology and 50%
progressive motility were excluded from this study. These parameters are based on
previous reports that fertile stallions should have around 50% normal sperm
morphology (Parks and Lynch, 1992). In addition, high percentages of abnormal
sperm (>60%) or head defect (>30%) critically affect to fertility (Parks and Lynch,
1992; Stolzing et al., 2012).

The semen to be used for the study was centrifuged at 26 °C for 10 min in
order to remove excessive seminal plasma. The sperm pellet was resuspended with
non-fat dry milk extender and transported to the laboratory at 4 °C using Equitainer.
This device gradually decreases temperature of the samples to 4 °C at a cooling rate
of -0.05 °C/min. The semen samples were delivered to the laboratory within 4 - 6

hours post semen collection.



15

Preparation of semen extender

The non-fat dry milk glucose-based semen extender (NFDM) was used for
semen washing and cold storage. This extender composed of glucose monohydrate
49 g, non-fat dry milk powder 24 g, sodium bicarbonate 1.5 g, penicillin (100 unit/ml)
and streptomycin (100 pg/ml) in 1,000 ml deionized water. The osmolalities of NFDM
measured by micro-osmometer (The FISKE® Micro-Osmometer model 210, USA) were
350 to 360 mOsm/kg. The extender used for experiment 1 was NFDM extender
supplemented with different concentrations of HES 0, 2.5%, 5%, 10% and 15%. The

HES was purchased from Sigma-Aldrich chemicals.

The freezing extender used was prepared using glucose EDTA based medium
supplemented with 20% (v/v) egg yolk. The primary extender was composed of 6 ¢
sorbitol, 0.37¢ Na acetate, 0.37¢ Na EDTA, 0.12¢ sodium bicarbonate, penicillin (100
unit/ml) and streptomycin (100 pg/ml) in 100 ml. The secondary extender composed
of primary extender, 11% (v/v) lactose EDTA, 20% (w/v) egg yolk plasma, 0.5% (v/v)
Equex STM and 4% (v/v) glycerol. This freezing extender was supplemented with 0%,
2.5%, 5%, 10% and 15%, respectively.

Hydroxyethy! starch (HES)

This study used hydroxyethyl starch from Sigma Aldrich. The Product Number
is H6382 (CAS Number: 9005-27-0 MDL: MFCD00131356). The appearance of chemical
was white powder, pH 7.0 — 8.0 in 20% slurry solution. It was prepared from corn
starch. The Degree of substitution is average of 1 -OH group per 10 glucose units
converted to -OCH2CH20H. The solubility in water has been reported as less than 20
me/mL and a 100 mg/mL preparation in water forms an opalescent suspension.
There is no measured molecular weight but based on the starch starting material, it

is assumed to be greater than 1 million.

Semen cryopreservation and thawing
The semen to be cryopreserved was diluted with semen extender (NFDM).

The semen was centrifuged, and the pellet was resuspended with freezing extender
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to make a final concentration of 200 x10° sperm/ml. The semen was equilibrated
with freezing extender for 60 min. The post-equilibrated sperm was examined for
motility prior to cryopreservation. The semen was then loaded into a 0.5 ml freezing
straw and layered in the nitrogen vapors, 4 cm above liquid nitrogen level. The
sperm was frozen in this condition for 10 min and the straws was plunged into liquid
nitrogen. The frozen semen was stored in liquid nitrogen for approximately 1 week
prior to thawing. The frozen semen was thawed in 37 °C water bath for 30 sec. The
liquefied semen was released into a 1.5 ml microtube and resuspended with NFDM

extender prior to semen evaluation.

Sperm evaluation

Sperm morphology
Head morphology

The semen was smeared on a glass slide and air-dried. William’s staining was
performed. The head morphology of the sperm was examined under a light
microscope at 1000x magnification. A total of 200 sperm was assessed and classified

as either normal and abnormal morphology (Brito, 2007).

Tail morphology

The semen was diluted and fixed in formal saline solution at a ratio of 1:20
(sperm: formal saline). A droplet of fixed sample (10 ul) was dropped onto a glass
microscopic slide. Tail morphology was classified under a light phase-contrast
microscope at 400x — 1000x magnification. The normal and abnormal sperm tail was

identified from 200 sperm (Brito, 2007).

Motility

The sperm motility was evaluated by subjective evaluation. The sample was
placed on a microscopic slide under the cover glass. The motility was examined for
at least four to five fields under a light microscope at 100x and 400x magnification.
The progressive motility was recoded as percentage of sperm that moved

straightforward in relation to the total sperm analyzed (Parks, 1997).
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Sperm concentration

The semen samples were first fixed and diluted with appropriate amount of
formal saline (1:20 — 1:100 (v/v)). The diluted sample was loaded into a chamber of
hemocytometer. The sperm heads were counted (5 small squares) at 400x
magnification and recorded. The sperm concentration was calculated and expressed

as the number of sperm x10°per ml (Aurich et al., 1997).

Sperm viability

The sperm viability (integrity of sperm plasma membrane) was assessed using
dual fluorescence probes. The mixture of fluorescent probes consists of 4 uM calcein
and of 2 uM ethidium homodimer-1. The probes were mixed with the sperm sample
at a ratio of 1: 1. Then the samples were incubated at 37°C for 10 min. The
fluorescent labelled sperm were examined using a fluorescent microscope. The red
colored sperm head indicated the leakage or disruption of sperm plasma membrane
(dead sperm), while green colored sperm indicted the presence of esterase enzyme
activity (alive sperm) (Douglas-Hamilton et al., 1984). In this study, the only green
sperm represented intact plasma membrane, while the green-red and red sperm

indicated non-intact plasma membrane.

Functional membrane integrity (hypo-osmotic swelling test)

The plasma membrane function integrity was measured by hypoosmotic
swelling test (HOS test). The sperm sample (25 ul) was incubated at 37 °C with
sucrose-based HOS solution (250 pl, 100 mOsm/kg) for 30 min. The HOS solution
with 5% formaldehyde used for inactive the action of HOS medium. Sperm with
swollen or coiled tails indicated the functions of sperm plasma membrane to
respond to the hypoosmotic condition. The number of swollen tailed sperm were
counted and expressed as percentage relative to the total sperm numbers

(Pamornsakda et al., 2011).

Acrosomal integrity

The sperm sample was smeared as small circle area on a glass microscopic

slide. After air-drying, the sperm plasma membrane was permeabilized with 95%



18

ethyl alcohol for 30 seconds and air dried. The fluorescein (FITC) conjugated the
peanut agglutinin used to localize the outer acrosomal membrane. The Ethidium
homodimer-1 used as a counter staining. After staining, the sperm were examined
using an epidfluorescent microscope at 1000 magnification. The sperm were
classified as intact acrosome, partial damasge, severe damage and completely loss.
The sperm with intact acrosome presented a bright green color over an acrosomal
region. The sperm with patchy pattern of the acrosome indicated the damage of
acrosomal membrane, while the sperm only red colored nucleus (without FITC PNA

staining) indicated the complete loss of acrosome (Medeiros et al., 2002).

DNA integrity

The sperm was evaluated the DNA integrity by Acridine Orange (AO) fluorescent
staining under the fluoromicroscope. The semen was smeared on a glass slide and air
dried. The slide containing sperm was fixed in Carnoy’s solution (30 ml methanol and
10 ml glacial acetic acid) for overnight. Then, the slide was soaked into the Acridine
Orange mixure (10 ml of 1% (w/v) AO solution, 40 ml of 0.1 M citric acid and 2.5 ml of
0.3 M Na,HPQ,.7H,0) for 10 min and then rinsed with distilled water. A total of 200
sperm was examined with a fluorescence microscope at 1000 magnification. The
normal sperm was demonstrated in green color and fragmented DNA was shown in
yellow to red color.

Longevity test

Longevity test of sperm used to assess ability of sperm to survive during a
time-course of incubation. The frozen-thawed sperm were washed free from
cryoprotectant. Then resuspended the sperm sample with non-fat dry milk extender
and evaluated for sperm viability and motility at 0 (10 min), 1, 2 and 4 h post-
thawing. The progressive motility and viability were recorded as percentage. (Aurich

et al., 1997; Cocchia et al,, 2011)

Statistical analysis
Data analysis was performed by SPSS statistic program (version 22).

Descriptive statistic was described the specific data of each stallion including age and



19

quality of semen. The results are presented by means and standard error of the
mean (SEM). The effects of HES on semen quality (motility, viability, acrosome
integrity, DNA integrity, functional membrane integrity (HOS test) and longevity test)
were statistically analyzed by One Way Analysis of Variances (ANOVA). Logarithm
transformation was performed when the data were not normally distributed. The
Kruskal-Wallis One Way ANOVA and Mann-Whitney U Test were combined to analyze
the non-parametric data. In all cases, P-value <0.05 was considered statistical

significant.
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CHAPTER IV

RESULTS

The 18 semen samples from six stallions (3 ejaculates per stallion) were used
in experiment 1 and experiment 2. The quality of ejaculated semen is descriptively
described in Table 2. The quality of stallion semen used in the current study was

within range of semen normally obtained from fertile stallions and acceptably for

semen cryopreservation.
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The semen was extended in NFDM extender and transported to the
laboratory within 6 hours. Table 2 demonstrates that short-term cold storage did not
significantly affect to semen quality as the averages of sperm motility before and
after transportation were comparable (78.10+2.43% versus 76.39+5.47%,

respectively).

Table 3: The average quality (mean + SEM) of stallion semen (n = 18 replicates)

chilled for 6 hours

Membrane Acrosome
Horse > . . DNA
Motility (%) Viability (%) functionality integrity
No. integrity (%)
(%) (%)

1 62.50+2.50 68.38+2.07 57.75+4.66 62.25+2.17 83.63+7.02

2 80.00+4.08 77.25+4.58 66.38+1.28 80.88+6.12 96.13+1.31
3 82.50+2.50 74.50+3.58 49.88+5.78 72.88+7.24 90.88+2.95
4 70.00+7.07 73.38+3.48 58.25+5.14 80.13+2.10 92.00+4.14

5 75.00+15.00 78.00+£4.50 75.00+3.00 73.00+£6.00 90.25+1.06

6 88.33+1.67 84.67+0.60 70.33+2.45 89.5+4.09 92.67+3.33
Average 76.39+5.47 76.03+3.14 62.93+3.72 76.44+4.45 90.92+1.73
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The experiment 1: effects of different concentrations of HES on sperm quality

during cold storage

The semen collected from six stallions were divided to five aliquots and
incubated with non-fat dry milk extender with different concentrations of HES
supplement (0, 2.5%, 5%, 10% and 15% w/v). The sperm motility and viability quality

were examined at 6, 24 and 48 hours respectively.

The motility and viability of chilled semen (Tables 4 and 5) was gradually
decreased over time of cold storage. Although HES could not maintain sperm quality
during cold storage (6 to 48 hours) to the levels similar to that of non-chilled semen
(0 hour), HES supplementation in the NFDM extender improved sperm quality in
terms of motility and viability (Table 4 and 5). HES supplementation at
concentrations of 2.5 and 5% (w/v) into NFDM extender had no effect on sperm
motility during cold storage for 24 hours compared with control (without HES,
P>0.05). The HES at 2.5% significantly improved sperm motility compared with the
controls when examined at 48 hours of cold storage. However, these HES
concentrations only tended to improve sperm motility at 24 hours of cold storage
(50.00+3.76 and 46.92+4.29 vs. 43.08+3.98 for 2.5%, 5% and control, respectively,
P=0.482). In all examination times, high concentrations of HES (10 and 15% HES)

decreased sperm motility over times of cold storage (Table 4, P<0.05).
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Table 4: The progressive motility (mean + SEM) of chilled sperm incubated with non-

fat dry milk extender and different concentrations of HES (n = 18 replicates).

progressive motility (%)

HES (%) 0 hour
6 hours 24 hours 48 hours
(10 min)
0 79.33+1.82°%° 62.86+3.04% 43.08+3.98% 8.93+3.06°%
2.5 82.67+1.53" 72.14+2.99% 50.00+3.76 20.71+4.32°%°
5 78.00+2.23" 63.57+3.08% 46.92+4.29% 16.43+4.345%
10 69.33+2.06"> 50.71+3.05% 30.77+3.99%° 5.36+2.43P<
15 66.67+1.87"¢ 42.86+3.705¢ 11.92+2.86 1.07+0.57"

Within column lowercase (a,b,c,d) and within row uppercase (A,B,C,D) superscript

letters indicate values that differ statistically (P<0.05)

The sperm viability during 24 hours of cold storage improved when HES was

added at concentration of 2.5% compared with the control (P>0.05, Table 5).

Increasing HES concentrations in the semen extender, however, negatively affected

to sperm viability (Table 5).
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Table 5: The plasma membrane integrity (viability) (mean + SEM) of equine semen

cooled with non-fat dry milk extender and different concentrations of HES (n = 18

replicates).

HES Mean viability (%)
(%) 6 hours 24 hours 48 hours
0 64.25+3.91% 46.33+3.86% 18.75+4.31%0¢
2.5 78.87+4.23" 58.83+2.78% 30.63+4.29
5 66.88+4.36"" 48.42+2.61% 26.50+4.53°°
10 62.75+3.69* 43.92+2.75% 18.50+4.12>°
15 60.70+2.23* 23.25+2.81% 8.18+2.03

Within column lowercase (a,b,c,d) and within row uppercase (A,B,C,D) superscript

letters indicate values that differ statistically (P<0.05).
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The experiment 2: effect of HES on sperm quality following cryopreservation

and thawing

The semen was randomly aliquoted into five groups and were frozen with
freezing extender containing different concentrations (w/v) of HES (2.5%, 5%, 10%,
and 15%). The sperm frozen without HES (0 HES) served as a control group. After
cryopreservation, the sperm were thawed and analyzed for sperm quality within 10
minutes (0h) and the longevity of post-thaw sperm was performed for 6 hours.

Cryopreservation and thawing of equine sperm generally decreased sperm
quality in all parameter analyzed. Concentrations of HES added in the freezing
medium significantly influenced the post-thaw sperm quality. The HES at 2.5% was
found to be optimal as this concentration significantly improve sperm quality in
terms of motility (41.54+2.49 vs. 33.85+2.66), viability (51.86+3.42 vs. 37.91+3.72) and
also acrosome integrity 40.33+4.91 vs. 29.13+2.46) when compared with the control
(P<0.05). In addition, membrane functionality (HOS-test) and DNA integrity tended to
be improved (P= 0.768 and P= 0.163, respectively). As similar to the results obtained
from cold storage semen, increasing concentrations above 2.5% had no further
improvement in sperm quality (Table 6). High concentrations of HES especially the

10% and 15% HES adversely affected to sperm quality.
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Table 6: The quality (mean + SEM) of post-thaw semen with different concentrations

of HES supplemented extender (n = 18 replicates).

HES Membrane DNA integrity ~ Acrosome
Motility (%)  Viability (%)
(%) functionality (%) (%) integrity (%)

0 33.85+2.66° 37.91+3.72°  31.13+4.14°°  87.94+1.66° 29.13+2.46°
2.5 41.50+2.49° 51.86+3.42° 32.69+3.25° 91.19+1.52°  40.33+4.91°
5  3385+3.50° 43.05+3.88%° = 27.81+2.77° 88.34+2.49°°  29.05+3.74°
10 19.23+2.88° 36.27+3.53%  2506+2.53%°  87.25+2.17%°° 19.04+2.01°

15 5.77+2.03%  29.45+3.38° 18.3142.22" 84.38+1.79° 10.27+1.52

Within column, lowercase (a,b,c,d) superscript letters denote values that differ

statistically (P<0.05).

The results for longevity during storage for 6 hours after thawing are shown in
tables 7 and 8. Overall, sperm longevity decreased over period of sperm incubation
for 6 hours. At 1 hour post-thawing, sperm frozen with 2.5% HES tended to have
higher progressive motility when compared with control and 5% HES group (Table 7).
The advantage of 2.5% HES in protecting sperm against cryoinjury during freezing and
thawing by means of motility was more pronounced at 2 and 4 hours post-thawing.
At these time points, the 2.5% HES resulted in significant higher motility compared
with the control non-HES group (P<0.05). However, the means motility obtained from
sperm frozen with 2.5% HES were not significantly different from 5% HES group
(P>0.05). Although no significant improvement of sperm motility of 2.5 and 5% HES
groups was obtained, the sperm had higher motility 17.50+4.91 and 13.13+3.89 than
the control (9.38+2.74, P>0.05). In all periods of examination, high concentrations of

HES (>10%) were detrimental to sperm motility (Table 7).



29

Table 7: The longevity test by mean of progressive motility (mean + SEM) of equine

sperm frozen with different concentrations of HES (n = 18 replicates).

HES Mean Motility (%)
(%) 1 hour 2 hours 4 hours 6 hours
0  33.08+2.37"  2571+1.72%¢ 12504250  9.38+2.74%
25 44.62+2.68""  37.86+2.80°  24.17+2.88%  17.50+4.91%
5  37.69+3.23"  3357+387%  19.17+358%°  13.13+3.89%"
10 2538215  20.36+2.13"  11.67+1.98%  5.00+1.64%°
15 14.23+2.93  11.07+1.83%9 625422359 31341 62

Within column lowercase (a,b,c,d) and within row uppercase (A,B,C,D) superscript

letters indicate values that differ statistically (P<0.05).

As similar to the results obtained for motility assessment, the viability of
sperm gradually decreased over time of examination. The equine sperm frozen with
2.5% and 5% had higher viability than the control when examined during 1 to 4
hours post-thaw (P>0.05, Table 8). At 6 hours post-thawing, sperm cryopreserved
with 2.5% HES had significantly higher viability than of the control (37.19+3.50 vs.
27.88+3.30, P<0.05). Increasing HES concentrations to 5 and 10% had no further
effect to protect sperm viability (P>0.05).



Table 8: The longevity test by mean of viability (mean + SEM) of equine sperm

frozen with different concentrations of HES (n = 18 replicates).

HES Mean viability (%)

(%) 1 hour 2 hours 4 hours 6 hours

0 38.75+4.61"%°  41.73+4.45""  3150+3.60°°°  27.88+3.30%
2.5 46.28+4.42"%  50.62+2.89"  37.53x4.50%  37.19+3.50%
5 43.66+4.06™  43.46+4.03%°  3653+3.10"  33.75+2.64%°
10 39.03+2.62"%  39.19+2.84%° 331312115 33 86+1.95%P°

15 31.50+3.03"%° 33924272  26.30+2.87%° 28.88+2.80"5%¢

Within column lowercase (a,b,c,d) and within row uppercase (A,B,C,D) superscript

letters indicate values that differ statistically (P<0.05).
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CHAPTER V

DISCUSSION

It has been well accepted that equine sperm are sensitive to cold stress in
particular the cryopreservation and thawing (Amann and Pickett, 1987). These
shortcomings result in poor sperm quality and subsequently low pregnancy rate after
insemination (Amann and Pickett, 1987; Gibb and Aitken, 2016). It is therefore
necessary to understand cryoinjury that occurs during cryopreservation and thawing.
Furthermore, study the effect of cryoprotective agents added into freezing medium
has become a practical way for improving post-thaw quality of equine sperm. This
study demonstrated the protective effects of HES on sperm quality following cold
storage and cryopreservation. However, the effects were found to be in a manner of
dose-dependence. It was clearly demonstrated in the experiment 1 that equine
sperm could withstand the cold stress for a short period of time (6 hours) as the
sperm quality did not significantly affect to sperm quality. This result is similar to that
observed in a previous study (Douglas-Hamilton et al., 1984). However, long-term
cold storage of equine sperm negatively affected to sperm quality (Medeiros et al.,
2002). The factors that contribute to cold induced sperm damage have been
demonstrated including individual variation of animals (Amann and Pickett, 1987),
cooling rate (Brinsko et al., 2000), compositions of extender (Medeiros et al., 2002;
Cocchia et al., 2011) and duration of semen storage (Aurich, 2008; Gibb and Aitken,
2016). It seemed likely that the sperm obtained from stallions used in the study
were fairly sensitive to cold stress as the sperm quality in terms of motility and
viability at 48 hours was poor (Tables 4 and 5). Although sperm quality and
pregnancy rates after insemination with 48 hours cold stored are generally
acceptable in practice (Jasko et al., 1992; Aurich, 2008), semen used in the study may
suffer from temperature fluctuations from time-lapse examination. The mammalian

sperm are sensitive to abrupt change of temperature (Brinsko et al., 2000). The
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damages caused by low temperature is known as cold shock, which affects to the
quality of sperm including motility and structures of the sperm (Parks, 1997; Medeiros
et al., 2002).In addition, it has also been recommended to rotate the extended
semen in order to prevent sperm precipitation that may potentially generate or

accumulate the oxidative stress (Ball, 2008).

In the current study, the results indicated that HES concentrations affected to
quality of sperm during cold storage even the extender with different concentrations
of HES had no different in osmolarity. The HES at concentrations of 2.5 and 5% had
no detrimental to sperm motility and viability during 24 hours of cold storage. The
2.5% HES significantly improved sperm viability when compared with control (no
HES). However, the motility did not significantly differ. The results are in an
agreement with previous report in chilled ram semen indicating that HES could help
to maintain sperm quality (Schmehl et al., 1986). It is likely that HES appear to
protect the sperm plasma membrane (viability) by modulating fluid surrounding the
sperm cells. This protective effect of HES was found to be in a manner of dose
dependence as high concentrations of HES negatively affected to sperm quality. The
HES used in the study have high molecular weight with high stability (Kérber and
Scheiwe, 1980; Stolzing et al., 2012). Although the HES added into the medium did
not affect to medium osmolarity, it could form a large complex molecule with water.
The medium therefore becomes more viscous (Oldenhof et al., 2013) and sperm
may require more energy necessary for progressive motility. In addition, HES
molecules naturally absorb water around the cells (Kérber and Scheiwe, 1980) and
subsequently cover the cell plasma membrane (Stolzing et al., 2012). It is therefore
possible that extensive water loss may have occurred in the sperm maintained with
high concentrations of HES (HES 10% and 15%). This condition potentially alters
sperm hydration status or generates excessive osmotic stress, thereby damaging
sperm membrane structure.

For cryopreservation, equine sperm have been demonstrated to sensitive to
cold shock due principally to the low ratio of phospholipids and cholesterols within

the plasma membrane when compared with other species (Parks and Lynch, 1992;
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Pamornsakda et al,, 2011). The damage caused by the cold stress or cryopreservation
frequently results in disruption of sperm structures and alters the sperm functions.
The present study revealed the positive effect of HES on sperm quality post-thaw.
However, the similar results of concentration dependency were observed. HES at
concentration of 2.5% in the freezing medium was optimal for cryopreservation of
stallion sperm, while high concentrations of HES (more than 10% w/v) were
detrimental to sperm quality. Although the results obtained in this study are in an
agreement with other studies that the HES at optimal concentration could protect
sperm from cryoinjuries, the optimal concentration (2.5% HES) used for
cryopreservation of stallion sperm in this study was however different from other
previous reports. For examples, 10% HES was found to be optimal for maintaining
phase transition of equine sperm plasma membrane during cooling (Oldenhof et al.,
2013). In other species, the concentrations of HES have been reported to be
between 5 to 16% in ram sperm (Schmehl et al., 1986; Oldenhof et al., 2013). It is
therefore likely that several factors interplay with the HES molecules and the
effectiveness and toxicity of the HES can be variable depending on species and the
molecular weights (types) of the HES. Furthermore, interaction of HES and other
medium compositions such as intracellular cryoprotective agents play a predominant

role in determining the HES effectiveness (Schmehl et al., 1986).

For longevity test, the equine sperm collected from 6 stallions had post-thaw
sperm quality within the international standard (>30% post-thaw motility). The
results also clearly demonstrated that HES supplement in the freezing medium could
also influence on sperm longevity for up to 6 hours. This 6-hour interval is normally
used in practice for efficient insemination with an acceptable pregnancy rate (WOODS
et al,, 1990). The current study found that supplement 2.5% HES in the freezing
extender was found to be best to maintain sperm longevity for at least 6 hours
(Table 8) because the sperm viability was significantly higher than the control (no
HES). The improvement of quality of frozen-thawed sperm is important to increase
fertility rate after insemination. However, it is still necessary to use the sperm frozen

with HES for insemination in order to test the sperm functionality. From the previous
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study in equine sperm indicated that the optimum concentration of HES was 10%
with INRA82 extender. They used HES molecular weight of 70 kDa (Leopold, Graz,
Austria) (Oldenhof et al., 2013). However, this experiment used >1,000 kDa HES in
conventional freezing extender. The different optimum concentrations found in the
two studies were likely due to confounding factors such as different molecular
weight HES and different compositions of the base extender. In addition, as previous
mentioned, the interaction between penetrating cryoprotectant such as glycerol and
HES also play a key role to determine HES efficacy or toxicity. The various
combinations of HES and different concentrations of glycerol for sperm freezing are
of interest in the future. These studies should perform simultaneously with the
examination of extracellular and intracellular ice formation as the HES combines with
water molecules outside the cells. This binding, in principle, reduces extracellular
and intracellular ice formation during cryopreservation and thawing. However, these
types of studies have yet to be performed.

In conclusion, equine sperm are sensitive to cold stress during cold storage
and cryopreservation. Modifications of cold storage and freezing extenders by
supplementation with HES improved sperm quality. However, the protective effects
of HES against sperm damage were dependent on concentrations of HES added. HES
at a concentration of 2.5% (w/v) demonstrated the highest effectiveness when
compared with other concentrations and therefore is the recommened dose for
equine sperm. High concentrations of HES between 10 to 15% HES negatively
affected to sperm quality during cold storage and cryopreservation. Studies to reveal
interactions of other extender compositions and also to determine pregnancy rate

after insemination of sperm frozen with HES will be further examined.
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