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 The study was aimed to evaluate semen characteristics of Thai native 
crossbred (T) and purebred (F) stallions after preservation by cooled storage and 
cryopreservation. The outcome of this study could benefit to the application of 
artificial insemination technology, which will be an important tool for genetic and 
reproductive management in this species.  
 

Semen were collected by using artificial vagina, from 5-12 years old T (n=5) 
and F (n=4) stallions. The semen characteristics examined were color, osmolarity, 
pH, volume, total motile sperm (TMOT), progressive motile sperm (PMOT), sperm 
viability, morphology and concentration. The seminal characteristics observed were 
opalescent white. Some semen parameters were significant different (P<0.05) 
between breeds. Semen quality of T was better than F stallions in terms of TMOT 
and PMOT. Furthermore, in normal morphologically sperm, head of T sperm were 
larger and rounder than that of F sperm.  
 

The effects of extenders (Kenney, Kenney+ 50 mM L-glutamine, INRA and 
INRA+50 mM L-glutamine) on semen characteristics after cooled storage (5 °C) 
were examined. The cooled samples were evaluated for sperm viability, TMOT, 
PMOT, and motion velocity, which were significantly decreased (P<0.05) after 
storage for 24 - 48 h in all extenders. However, in both T and F, INRA extender 
tended to maintain sperm motility and membrane integrity longer than other 
extenders. 
 

The freezability of semen in different extenders (INRA, INRA+ 50 mM L-
glutamine, Lactose-EDTA, Lactose-EDTA+ 50 mM L-glutamine) with glycerol was 
determined. Lactose-EDTA gave better results (P<0.05) than other extenders in 
post-thaw TMOT and PMOT. Nevertheless, only semen from two T and one F 
stallions could be preserved by cryopreservation (> 30 % post-thaw TMOT).  
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THE CHARACTERISTICS AND PRESERVATION OF THAI 

NATIVE CROSSBRED AND PUREBRED HORSE SEMEN 

 

INTRODUCTION 

 

 There are two main horse groups in Thailand: full-size purebred and Thai 

native crossbred pony horses. Full-size purebred horse breeds include Arabians, 

Standard-bred and Thoroughbred; all of them were originally introduced to Thailand 

by importation. The Thai native crossbred horse is a pony horse that may have 

originated from a Burmese pony (Panasophonkul et al., 2007). However, the scientific 

origin of the breed remains obscure. Nowadays, this native breed is generally used in 

religious ceremonies, for recreational activities, and occasionally for transportation in 

highland areas. Natural breeding with stallions is commonly performed to increase 

horse numbers. The numbers of Thai native crossbred pony is being decrease, by 

means of crossbreeding with the full-size purebred due to owner’s preference for 

bigger horses. Thus, for conservation of the native horse, preservation of semen and 

artificial insemination (AI) may be an important method for increasing population 

numbers, and a detailed study of its semen characteristics was therefore considered 

necessary.  
 

Horse breeding in recent time has been based on the use of AI, which made 

selected stallions to be available to breeders outside the regions where the stallions are 

located. This method could accelerate the usage of native stallion genetic. However, 

semen needs to be preserved either by cooled storage or cryopreservation. Therefore, 

a study of cooled storage on semen characteristics of Thai native stallions could 

provide useful information for implementation of horse AI in the country. 

 

Semen cryopreservation enhances the advantage of AI. Long-term storage 

facilitates semen transport over distances, permits the quarantine of semen, and 
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enables extended use of semen, even after the sire’s death. Hence, a study for 

cryopreservation of Thai native stallions’ semen was also carried out.  

 

To preserve sperm fertility for a long period, extenders must be used to 

provide an environment that is metabolically and physiologically encouraging to the 

survival of sperm cells. The extender also protects sperm from cold shock and the 

negative effects of seminal plasma, and inhibits bacterial growth. A large variety of 

extenders combining assorted ingredients (sugar, electrolytes, buffers, milk or milk 

products, and egg yolk) have been proposed for cooled storage of sperm. Most 

extenders for the dilution, centrifugation and cooled storage of equine semen are 

based either on milk or egg yolk, and maintain the motility and fertilizing ability of 

semen for about 24 h at 5°C (Batellier et al., 1997). Accordingly, skim milk based 

extenders added to glucose and antibiotics, and ultimately added to salts and other 

sugars are now in worldwide used (Shore et al., 1998). Furthermore, extenders 

containing low concentration of egg yolk (2-4%) are thought to improve the motility 

of cooled stallion spermatozoa (Rota et al., 2004). 

 

Ideal semen extenders used for cryopreservation of stallion semen would 

minimize damage resulting from freeze-thaw cycle and maximize recovery of motile 

and viable spermatozoa. Many studies have sought to improve the quality of freeze-

thawed equine semen using different cryoprotective agents (Zahn et al., 2002; 

Alvarenga et al., 2003; Moore et al., 2006), various freeze-thaw protocols (Melo et al., 

2007; Nunes et al., 2008) and extenders containing skim milk/glucose (Kenney et al., 

1975), purified milk fractions (Pagl et al., 2006), lactose-egg yolk (Martin et al., 

1979) or coconut water (Cardoso et al., 2006). Additionally, it is reported that 

supplementing cryopreservation extenders with glutamine could increase frozen-thaw 

equine sperm motility (Trimeche et al., 1999).  

 

The present study was undertaken to examine Thai native crossbred pony 

stallion semen characteristics and the effects of different extenders with and without 
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glutamine supplementation on semen characteristics after either cooled storage or 

cryopreservation, compared to those of full-size purebred stallions. 
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OBJECTIVES 

 

1. To investigate the semen characteristics of Thai native crossbred compare 

with those of full-size purebred stallions. 

 

2. To investigate the effect of different extenders with or without glutamine 

supplementation on semen characteristics after cooled storage and cryopreservation in 

Thai native crossbred, compare with those of full-size purebred stallions. 
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LITERATURE REVIEW 

 

1.  Overview of horses in Thailand 

 

There are two main horse groups in Thailand: full-size purebred and Thai 

native crossbred pony horses. For horse population in Thailand, there are about 5,629 

horses (Data from Statistics of Livestock in Thailand: 2007, Department of Livestock 

Development, Ministry of Agriculture and Cooperatives). Full-size purebred horse 

breeds include Arabians, Standard-bred, Thoroughbred and Warmblood, all of them 

were originally introduced to Thailand by importation. Thai native crossbred is a pony 

horse with an average height of 118.03±8.12 cm, an average body weight of 

209.54±40.88 kg (Sritrakul et al., in press). It may be originated from a Burmese 

breed (Panasophonkul et al., 2007). However, the scientific origin of the breed 

remains obscure. Previous study indicates only one Y chromosome lineage that has 

been found in a large number of horse breeds including Thai native (Lindgren et al., 

2004) and the microsatellite markers also showed high polymorphic genetic 

characteristic (Tawatsin et al., 2005). Nowadays, this native breed is generally used in 

religious ceremonies, for recreational activities, and occasionally for transportation in 

highland areas. Natural breeding is commonly performed to increase the numbers of 

horses in both groups. 

 

2.  Anatomy and physiology of stallion reproductive system  

 

The normal structure of stallion’s reproductive system (Figure 1) includes 

external genitalia and internal genitalia. The external genitalia include scrotum, penis 

and prepuce that protect internal genitalia, thermo regulate the testes, intromission and 

ejaculation. The internal genitalia include two testes with attached epididymides, and 
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four types of accessory sex glands that produce sperm and seminal plasma (Chenier, 

2000).  

 

 

 

A 

B 

D
C

E
 

G
 

F
 

I
 

H
 

A’ 

J

 

Figure 1  Anatomy of stallion reproduction. A, testis; A’, cryptorchid testis; B, vas      

deferens; C, ampullae; D, urinary bladder;  E, seminal vesicle; F, prostate 

gland; G, bulbouretal gland; H, penis; I, prepuce; J, ureter. 

 

The stallion’s penis is classified as a musculocavernous type, and consists of a 

root, which attaches the penis to the skeleton; the main body (shaft) of the penis; and 

the glans penis, is the free end of the penis (Figure 2). In the non-erect state, the full 

size stallion’s penis is approximately 50 cm in length, 3 to 5 cm in diameter, and is 

contained within the sheath or prepuce, which forms two folds around the free end of 

the penis. During erection, the erectile tissue of the penis (corpus cavernosum and 

corpus spongiosum) becomes engorged with blood, and the size and diameter of the 

penis doubles in length and thickness and the glans penis increases by 3 to 4 times. 
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Examination of the penis and prepuce is most conveniently done at the time of 

washing (Davies-Morel, 2002).  

 

 

 

A          B                   C              D                                  E     

 

Figure 2  Structure of the stallion’s penis and prepuce. A, urethral process; B, glans 

penis; C, penile body; D, preputial ring; and E, prepuce. 

 

The testes are the site for production of sperm (spermatogenesis, take 57 days 

in stallion) and the primary male sex hormone, testosterone. The stallion’s testes are 

normally ovoid in shape. Testicular size is related to the stallion’s ability to produce 

spermatozoa. Generally, as testicular size increases, the potential ability to produce 

spermatozoa increases.  In addition to individual differences in testicular size, 

seasonal and age variations exist as well. The scrotum is a pouch of skin in the 

inguinal area that encloses the testes. Normally, stallions have two testicles descended 

in the scrotum. The retention of one (unilateral) or both (bilateral) testicles in the body 

cavity occurs fairly frequently in stallions and is referred to as cryptorchidism (Figure 

1). The stallion’s scrotum is not as pendulous as a bull’s and is held closer to the 

abdomen. The scrotum’s skin is soft and pliable with a greasy texture due to 

sebaceous glands. The scrotum is important in thermoregulation of the testicles. 
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The epididymis (Figure 3) can be divided into three segments; the head 

(caput), body (corpus) and tail (cauda). Within the epididymis, sperm undergo 

modifications (maturation) in which they acquire the ability to swim, capable of 

further development within female reproductive tract (capacition), and to fertilize an 

egg. Most of these changes are complete by the time sperm reach the end of the 

corpus. The migration of sperm through the epididymis requires approximately 8 

days. Most of the spermatozoa are stored in the tail of the epididymis until ejaculation 

(Chenier, 2000; Davies-Morel, 2002).  

 

 

 E 

A 

B 

C 

D 

 

Figure 3  Lateral view of the testis and epididymis of a stallion. A, Testis; B, head of 

epididymis; C, body of epididymis; D, tail of epididymis; and E, 

pampiniform plexus 

 

The accessory sex gland (Figure 1) consists of four types of glands: ampullae, 

seminal vesicles, prostate gland, and bulbourethal glands which were situated between 

the end of vas deferens and root of penis. These glands are responsible for the 

secretion of seminal plasma that makes up the majority of the ejaculate volume. 

Seminal plasma is thought to contain substances beneficial to sperm transport and 

survival in the female reproductive tract (Killian, 1992). However, seminal plasma 
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also contains factors that decrease sperm motility and increase sperm death during 

semen storage (Begley and Quinn, 1982). Identity of motility-reducing factors in 

seminal plasma is unknown; however, a high molecular weight fraction of seminal 

plasma has been shown to reduce the motility of bull sperm (Baas et al., 1983). The 

deleterious effects of seminal plasma can be reduced by collecting and extending only 

the sperm-rich fraction of the ejaculate or by using high dilution ratios of extender to 

semen for whole ejaculates (Jasko et al., 1991). 

 

It is well established in many mammalian species, including the stallion, that 

normal spermatogenesis is dependent upon a functional hypothalamic–pituitary–

testicular axis (HPT) axis which involves the classic endocrine actions of 

gonadotropins, feedback mechanisms of steroids and proteins and, most likely, 

paracrine/autocrine modulation (Matsumoto, 1989; Skinner, 1991; Amann, 1993; 

Spiteri-Grech and Nieschlag, 1993; Huhtaniemi and Toppari, 1995; Gnessi et al., 

1997). Endocrine control mainly involves the changing patterns of secretion of the 

hypothalamic hormone, gonadotropin releasing hormone (GnRH), which travels 

through portal blood vessels to the anterior pituitary. At the anterior pituitary, GnRH 

stimulates the secretion of the gonadotropins, follicle stimulating hormone (FSH) and 

luteinizing hormone (LH). These gonadotropins travel to the testes, where FSH exerts 

its effect on the Sertoli cells and LH on the Leydig cells and testicular hormones such 

as the androgens and inhibin (Amann, 1993; Weinbauer and Nieschlag, 1993). 

Reports in the literature clearly indicate that testosterone is essential for normal sexual 

behavior, maintenance and restoration of spermatogenesis in the adult testis 

(Weinbauer and Nieschlag, 1993).  

 

The seasonal effect on stallion reproduction tends to show less than mare. 

During periods of short daylight, male reproductive function is suppressed due to low 

testosterone concentrations, causing testicular size and sperm production are reduced, 

and sexual behavior is also variable. 

 

 

 

 



10 

3. Semen composition 

 

Semen is composed of spermatozoa (sperm), the male gamete produced in the 

seminiferous tubules of the testis (Johnson et al., 1997), and seminal plasma, which is 

a mixture of fluid secreted from the testes, epididymis and accessory sex glands. The 

stallion ejaculates in a series of five to eight jets or fractions. The composition of each 

fraction varies. The first secretions (presperm) contain no spermatozoa and are 

primarily from the bulbourethral glands. The next two or three jets contain most 

spermatozoa (sperm-rich fractions), and a subsequent sperm-poor fraction with the 

major component, the gel fraction, coming from the seminal vesicles (Mann, 1975; 

Kosniak, 1975; Magistrini et al., 2000; Katila et al., 2002). 

 

Mammalian spermatozoa consist of head, neck and tail (endpiece), enclosed 

within plasma and mitochondrial membrane. The head contains the nucleus with the 

DNA, the male genetic material to be delivered to the ovum, and the acrosome which 

contains hydrolytic enzymes necessary for penetration of the ovum vestments during 

fertilization. The neck is a short linking segment between the flagellum and the sperm 

head. The tail is the longest part of the sperm and consists of midpiece, principal 

piece, and end piece. The equine spermatozoon (Johnson et al., 1980) is similar in size 

and shape to the human (Johnson, 1982). Spermatozoa are not mature when released 

from the seminiferous tubules. Each contains a cytoplasmic droplet on its mid piece 

and must undergo maturation in the epididymis to gain progressive motility, structural 

stability, and fertilizing ability (Johnson et al., 1980).  

 

Seminal plasma (SP) is involved in a multitude of sperm functions and events 

preceding fertilization. The composition of SP varies between fractions as the 

accessory sex glands release their contents in a specific order. Bulbourethral fluid was 

the first to be secreted (pre-sperm fluid), and then epididymal and ampullar secretions 

were appeared in the first fractions of the sperm-rich ejaculate and seminal vesicle 

fluid was formed as the last ejaculatory fractions (Magistrini et al., 2000). SP consists 

of proteins, enzymes, electrolytes and trace elements that essential for sperm 

maturation and fertilization process. Electrophoresis revealed the presence of a variety 

of protein bands of different molecular weight in seminal plasma. Only seven of these 
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bands were present in semen from all stallions (Zahn et al., 2006). This illustrates 

variations in the composition of seminal plasma between individual sires. A 

considerable variation occurs in cysteine-rich secretory proteins (CRISPs) among 

different stallions (reviewed by Leeb et al., 2005) and an association of stallion 

fertility with polymorphism of the CRISP-3 gene (Hamann et al., 2007). However, a 

relationship between CRISPs and the suitability of semen from individual sires for 

cooling has not been proven. Further analysis and definition of seminal plasma 

fractions and proteins responsible for the different cooling ability of individual 

stallions could have a key role for the development of new extender components. 

 

Season and other environmental parameters, such as age and frequency of 

ejaculations, may change the properties of equine semen (Johnson et al., 1991; 

Magistrini et al., 1987; Pickett, 1993; Araujo et al., 1996; Dowsett and Knott, 1996). 

 

4.  Semen collection 

 

Sperm collected using an artificial vagina (AV) and manipulated in the 

laboratory can be damaged by deviations in temperature, osmotic pressure, and 

exposure to contaminants. Damage can also be caused by prolonged exposure to 

components of seminal plasma and to byproducts of metabolism during incubation. 

The goal should be to obtain a complete ejaculate with a single mount and minimal 

sexual stimulation of the stallion before collection of semen, optimizing the potential 

to obtain an ejaculate with relatively low volume and high sperm concentration. An 

increase in the number of mounts resulted in increased seminal volume, decreased 

sperm concentration, and decreased progressive motility after 24 hours at 5°C (Ionata 

et al., 1991; Sieme et al., 2002). 

 

5.  Semen evaluation  

 

A standard procedure for estimating sperm production in stallions is to collect 

2 ejaculates 1 hour apart. Parameters usually included in a conventional evaluation of 

raw semen quality are physical semen characteristic (volume, seminal pH, and 

viscosity), sperm concentration, total number of sperm in the ejaculate, percentages of 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib45#bib45
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib24#bib24
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib17#bib17
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motile sperm, normal morphology, longevity of sperm motility and bacteriological 

status. Although, these evaluations provide a lot of information, their correlations with 

fertility are somewhat conflicting (Mahngren, 1992; Jasko, 1992; Rodriguez-

Martinez, 2000). However, it seems likely that the prediction of male fertility could be 

improved if additional parameters based on the functional characteristics of sperm 

were used. Several functional tests have been investigated, such as the use of 

fluorescent stains as a marker for cell membrane integrity (Harrison and Vickers, 

1990; Althouse and Hopkins, 1995), sperm-oocyte binding tests (Fazeli et al., 1995) 

and the hypoosmotic swelling test (England and Plummer, 1993).  

 

5.1 Daily sperm output (DSO) 

 

DSO is defined as the number of sperm that a stallion can produce on a 

daily basis. In equine breeding, the number of sperm ejaculated is considered an 

important factor in fertility for predicting the reproductive capacity of stallions. 

Evaluation of an animal at DSO also can help when estimating book sizes for stallions 

with very large books or for stallions of marginal fertility whose books must be 

reduced. There have been numerous schedules recommended to allow a stallion to 

reach DSO. Originally, it was proposed that a stallion be collected once daily for 10 

days before total sperm numbers plateaued at DSO (Gebauer et al., 1974). Thus, it is 

much more cost and labor efficient compared with, for example, collecting semen 

once daily for 10 days. 

 

The testicular volume, estimated by testicular measurements, is correlated 

with sperm production (Thompson et al. 1979; Pickett et al., 1987; Love et al., 1991). 

Smaller testicles therefore yield lower sperm output than bigger testicles.  Based on 

this, calculation of testicular volume is commonly performed as an additional 

component of the breeding soundness evaluation (BSE). Testicular volume is 

calculated by using the formula for the volume of an ellipsoid. Stallions that have 

normal testicular size but produce low numbers of sperm might be suspected of 

having a testicular pathology that prevents the testicles from functioning at full 

capacity. 
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5.2 Motility 

 

Sperm motility is important because it is readily identifiable and reflects 

several essential aspects of sperm metabolism. Therefore, motility should be 

evaluated together with other parameters when estimating the fertilizing potential of 

spermatozoa. Usually total motility (any type of motility) and progressive motility 

(spermatozoa moving actively forward) are estimated as percentages. Motility can 

also be described as circling, oscillating and serpentine (Kenney et al., 1983), and the 

speed of sperm motion is also assessed. If semen is exposed to low temperatures or it 

is dried on the slide, motility diminishes rapidly. 

 

Stallion spermatozoa have some species-specific characteristics: an 

asymmetrical head, an abaxial position of the tail, an acrosome of small volume and 

the presence of microtubules in the neck (Bielanski and Kaczmarski, 1979). The 

large, circular motion of normal sperm is due to a high incidence of abaxial 

connections between the sperm head and neck (Kenney et al., 1983). Estimating only 

the progressive motility may underestimate good motility in some stallions. 

 

When fresh stallion semen was subjectively evaluated, low correlations 

were found between fertility and the percentage of motile (r = 0.40) and progressively 

motile (r = 0.46) spermatozoa (Jasko, 1992). In a study where 177 mares (an average 

19 mares/stallion; min 6, max 51) were inseminated with frozen semen from 9 

stallions, the correlation coefficient of the visually estimated percentage of motile 

cells to the first-cycle pregnancy rate was only 0.32 (Samper et al., 1991). Good 

motility of frozen-thawed semen was a poor indicator for pregnancy rates in pigs 

(Hammitt et al. 1989). Similarly, in the horse, the percentage of progressively motile, 

post-thaw spermatozoa is considered to be a poor predictor of pregnancy rates in 

mares (Pickett et al., 1987; Squires et al., 1987; Bataille et al., 1990; Wilhelm et al. 

1996). A very low motility would probably be an indication not to use the semen, but 

a good motility does not necessarily indicate that the fertilizing capacity of 

spermatozoa has been maintained. 
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Percentages of motile spermatozoa were significantly lower at room 

temperature (22°C) than at higher temperatures. Maximum percentages of motile 

spermatozoa were obtained at 37°C or 42°C (Amann and Graham, 1993). Either raw 

or extended semen can be used, but non-extended semen has disadvantages, such as a 

tendency to agglutinate, in which case if the sperm concentration is high the estimated 

percentages of motile spermatozoa may become higher (Van Duijn and Hendriske, 

1968). Samples of a higher concentration are usually judged by the human eye as 

having higher motility (Jasko, 1992). Extending semen prevents the agglutination of 

spermatozoa and reduces the influences of sperm concentration and seminal pH. 

Semen should be extended to a constant sperm concentration (25 to 50 x 106/ml). 

Temperature of the slide should be controlled (37°C) by using a stage warmer on a 

phase-contrast microscope (magnification x 200 to 400), the depth of suspension on 

the slide should be standardized and multiple fields near the centre of the slide 

examined. The standardization can be carried out either by taking a certain amount of 

suspension and using a cover slip of a certain size (10µl drop of semen and a 22- mm2 

cover slip). Multiple fields across at least two suspensions should be examined, and 

one should be certain that the fields examined are near the center. Motility at the 

edges declines more rapidly than in the centre as a result of drying and exposure to air 

(Jasko, 1992). The light microscopic evaluation does not require expensive equipment 

and is easy to perform. However, the greatest variation is caused by a variation 

between examiners, since the evaluation is subjective and requires experience.  

 

Repeatability in assessment can also be achieved by Computer-assisted 

semen analysis (CASA), an objective method that gives extensive information about 

the kinematic properties of the ejaculate based on measurements of individual 

spermatozoa motility patterns (Amann and Pickett., 1987; Jasko et al., 1988; Blach et 

al., 1989). Video images for computerized sperm motion analysis are obtained from 

viewing fields of motile sperm using a microscope. A set number (usually 20 to 30) of 

successive video frames is analyzed at a constant rate, typically 30–60 frames per 

second. When all frames for a given field have been analyzed, computer algorithms 

are used to distinguish sperm from non-sperm objects and to reconstruct sperm tracks 

(Jasko, 1992). Each sperm is classified as either motile or immotile, and the 

concentration of both is calculated. Motility data is further characterized as follows: 
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mean curvilinear velocity (VCL), path velocity (VAP), mean straight-line velocity 

(VSL), straightness (STR = VSL/VAP), linearity (LIN = VSL/VCL), percentages of 

total motility (MOT), progressive motility (PMOT), amplitude of lateral head 

displacement (ALH) and beat cross frequency (BCF). Due to the high cost of the 

instrument, computerized sperm image analysis systems are used primarily for 

research applications. 

 

The maximum sperm concentration in CASA-systems is usually 50 × 

106/ml. A dilution of stallion semen to 25 × 106/ml has been recommended (Varner et 

al. 1991a). The recommend was 3 chambers/ejaculate and 3 fields/chamber should be 

evaluated which would yield a mean spermatozoa number of approximately 500 

evaluated per sample. 

 

5.3 Viability 

 

A total of 20 µl of each sample was mixed with 20 µl of 0.5% eosin stain 

on a glass slide and viewed using light microscopy to determine the percentage of 

viable sperm. Eosin Nigrosin is a supravital stain; live sperm was unstained whereas 

dead sperm was stained red, since the integrity of their plasma membranes had been 

compromised causing an increase in membrane permeability that led to uptake the 

dye. 

 

Popidium Iodide (PI) is a membrane impermeable, fluorescent nucleic acid 

stain. Since PI cannot cross intact cell membranes, it gains access to nuclear DNA 

only when cell membranes are damaged (i.e., only in nonviable cells). Once bound to 

DNA, PI fluoresces red in response to excitation. Ten microliters of stained 

spermatozoa was placed on a microscope slide, overlaid with a coverslip and 200 

spermatozoa were viewed using combination fluorescent and phase-contrast 

microscopy. Nonviable sperm was fluorescent red, whereas viable sperm remained 

unstained and it was visible when viewed using phase-contrast microscopy (Gillan et 

al., 2007). By combining 5- carboxyfluoroscein diacetate (CFDA) with PI, one can 

readily and accurately determine the percentage of nonviable (red) cells and the 

percentage of viable (green) cells either by manually counting a population of sperm 
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or by using flow cytometry. Alternatively, using SYBR-14 and PI, three populations 

of cells can be identified: SYBR-14 stained (green, living) cells, PI stained (red, 

nonviable) cells, and doubly stained (yellow, moribund) cells. Normal values for the 

percentage of viable sperm in a stallion ejaculate have not yet been established for 

clinical assays. Therefore, viability assays for a clinical unknown should be 

performed side by side with a control sample from a known fertile stallion. Most 

typically, over 70% of the sperm in a fresh ejaculate from a normal stallion are viable; 

however, the exact percentage can vary from individual to individual. 

 

5.4 Morphological evaluation 

 

Sperm morphology is an important parameter for assessing semen quality. 

Disturbances in spermatogenesis give rise to morphological sperm abnormalities. 

However, the effects of specific morphological sperm abnormalities on male fertility 

have been investigated less thoroughly in horses than in other domestic animals, i.e. 

swine and cattle. 

 

The relationship between sperm morphology and fertility has been 

evaluated in several studies. Some studies found no relation between sperm 

morphology and fertility (Voss et al., 1981; Dowsett and Pattie, 1982), whereas in 

others increases in sperm abnormalities were associated with decreased fertility 

(Chevalier et al., 1991; Bielanski, 1975, Jasko et al., 1990). A wide range of 

morphological deviations may be acceptable for breeding stallions, if the total number 

of morphologically normal motile spermatozoa in the ejaculate is adequate (Kenney et 

al., 1983). Sometimes the low pregnancy rates after frozen semen inseminations are 

simply due to an excessively small number of live morphologically normal post-thaw 

sperm.  

Morphological features are evaluated by light microscope using different 

sperm stains. The use of fluorescent probes requires epifluorescence optics for the 

microscope. Scanning and transmission electron microscopic techniques are not in 

routine use, but have been useful in some abnormal cases and in research. The 

simplest examination method is to fix sperm cells in buffered formal-saline (Hancock, 

1957; Bane, 1961) or buffered glutaraldehyde solution and view unstained cells with 
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either phase-contrast or differential interference-contrast microscopy (1000x 

magnification). General-purpose cellular stains (Wright's, Giemsa, haematoxylin-

eosin, India ink) can be used (Varner et al. 1991b), but live-dead stains (aniline-eosin, 

eosin-nigrosin, eosin-fast green) are more widely used for determination cell viability. 

Integrity of the plasma membrane is shown by the ability of a viable cell to exclude 

the dye, whereas the dye will diffuse passively into sperm cells with damaged plasma 

membranes (Colenbrander et al., 1992). Differential stains for morphology of sperm 

cells are Spermac (Oettle, 1986), William's and Casarett's stains (Kenney et al., 1983), 

Triple stain, Papanicolau, and Feulgen and Karras among others (Magistrini et al., 

1997). It is generally recommended 200 cells be examined, however evaluation of 100 

sperm cells probably provides a valid representation of abnormalities (Hermenet et al. 

1993). All abnormalities on any given sperm were counted and the overall frequencies 

were classified according to a system developed by Bane (1961). 

 

Sperm head morphometry assessed by Computer-Assisted Semen Analysis 

(CASA) shown a relationship to fertility in studies using various species including: 

horses (Casey et al., 1997), boar (Hirai et al., 2001; Peña ey al., 2005), Iberian red 

deer (Esteso et al., 2006), and canine (Núñez-Martínez et al., 2007). The different size 

of sperm head may result in different cooling rates under the same procedure. There 

was also evidence that sperm head size affects to the sperm’s cryoresistance (Esteso et 

al., 2006). Thus, the sperm head size or shape may be an aspect to consider for 

improving cooled storage and cryopreservation protocols.  

 

5.5 Hypoosmotic swelling test 

 

The hypoosomotic swelling test (HOS test) was first developed for human 

sperm and has since been described for the stallion (Jeyendran et al., 1984; de la 

Cueva et al., 1997; Nie and Wenzel; 2001; Neild et al., 1999; Pinto and lobo, 1997). 

The HOS test is designed basically to be a test for functional membrane integrity and, 

as such, can be considered as an alternative staining for sperm viability determination. 

 

An important property of the sperm cell membrane is its ability to permit 

selective transport of molecules. When spermatozoa are suspended in a hypoosmotic 
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solution, water will enter the spermatozoon in an attempt to attain osmotic 

equilibrium. This inflow of water will increase sperm volume, the initial length of the 

flagellum and the plasma membrane will bulge (balloon). The influx of water only 

occurs in the tail region and creates different types of curls. The appearance of a curl 

in the tail of a sperm is a sign that water has been transported in a physiological 

manner into the cell to reach osmotic equilibrium. This indicates an intact flagella 

membrane (Colenbrander et al., 1992) while cells with damaged membranes (i.e., 

nonviable cells) or cells with weak membranes that rupture in response to the influx 

of water will not experience the increase in pressure and therefore their flagella will 

remain unchanged at the light microscopic level. As early as 1966, Drevius and 

Eriksson (1966) had described the osmotic swelling of mammalian spermatozoa. 

Since then, several studies have shown that the HOS test may be useful for predicting 

the spermatozoa’s ability to fertilize the ova (Cot-ma and Zavos, 1994; England and 

Plummer, 1993; Jeyendran et al., 1984; Ktuni-Diaka and Badnam, 1994), although 

correlations with other semen parameters differ between studies. The percentage of 

swollen spermatozoa has been reported to be significantly correlated with the 

percentage of spermatozoa undergoing capacitation, the percentage of penetrating 

oocytes, and sperm motility (Jeyendran et al., 1984; Ktuni-Diaka and Badnam, 1994). 

Moreover, a significant positive correlation was obtained between HOS test and 

fertilization rate (De Albuquerque and Bestimmung, 1995). Also, Rogers and Parker 

(1991) found a low, but statistically significant, correlation between the results of the 

HOS test and those of the sperm penetration assay. In contrast, England and Plummer 

(1993) found no relationship between the percentage of swollen spermatozoa and 

other measures of semen quality, including motility, morphology, and vital staining 

(eosin).  

 

The HOS-test applied immediately after fresh semen collection is the best 

predictive test of the freezability of stallion semen (Vidament et al., 1997). The most 

frequently osmolality in stallion sperm was between 100 and 150 mOsm (De 

Albuquerque and Bestimmung, 1995) and between 25 and 100 mOsm (Neild et al., 

1999). 
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The HOS test was conducted as previously described (Revell and Mrode, 

1994; Neild et al., 1999) with some modifications. One hundred microliter of stallion 

semen is added to 1 ml of 100 mOsm fructose solution and incubated at 37°C for 60 

min (Nie and Wenzel, 2001). The test solution consisted of fructose and trisodium 

citrate with double-distilled water, and its osmotic strength was 150 mOsm/ kg for 

fresh semen and 100 mOsm/ kg for frozen semen. Following incubation, the 

preparation was thoroughly mixed and ten microliter of semen were dropped on a 

microscope slide and covered with a cover slip, and evaluated with a 400x phase-

contrast microscopy with a 37°C warmed stage. Spermatozoon with intact plasma 

membranes swelled in response to the treatment. This was manifested by bending, 

coiling or shortening of the tails.  

 

6.  Semen preservation and artificial insemination  

 

The use of artificial insemination (AI) in equine breeding has increased during 

recent decades and becoming important method in worldwide. AI offers many 

advantages over natural mating, such as safety for both mare and stallion, reduces risk 

of infectious disease transmission, and decrease inconvenience of horse 

transportation. Adequate short- and long-term preservation of stallion semen is a 

prerequisite for a successful AI procedure.  

 

Success in assisted reproduction technique (ART) is determined mostly by 

gamete quality. It is therefore essential to use a sperm preparation technique which is 

known to select normal, functional spermatozoa from the total sperm population 

presented in the semen sample. In contrast to human ART, where spermatozoa are 

often prepared on a density gradient (Bolton and Braude, 1984), processing semen for 

artificial insemination in livestock rarely involves more than extending the semen 

with a suitable semen extender, either for subsequent cryopreservation (e.g. bull 

semen), or for liquid storage (e.g. boar semen). Selection is made for donors whose 

spermatozoa retain motility and fertilizing capacity during storage. However, the 

situation in other animals, for example in race horses, is similar to that of human ART 

where it may not be possible to select the donors on the basis of semen quality, nor to 
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discard ejaculates considered to be of inferior quality in the expectation of obtaining 

another semen sample.  

 

6.1 Cooled semen 

 

Cooled semen has been routinely used in horse breeding for about 20 years 

(Brinsko et al., 2003) since its acceptance increases among breed registries. 

Furthermore, one of the main causes of the increased use of cooled semen is the high 

proportion of stallions (20–40%) whose sperm responds poorly to cryopreservation 

(Vidament et al., 1997). Cooled-stored stallion semen is usually kept at 4-6 °C for 24-

48h for maintaining both motility (Varner et al., 1988, 1989; Moran et al., 1992; 

Magistrini et al., 1992) and fertility (Varner et al., 1989, Jasko et al., 1992). As 

storage time is increased, the fertility of equine semen declines (Pickett, 1995). 

Fertility rates achieved by breeding with transported, cooled equine semen are 

remains variable between stallions (Brinsko et al., 2000) and laboratories (Douglas-

Hamilton et al., 1984; Katila, 1997; Squires et al., 1988; Brinsko et al., 2003).  

 

The variable between stallions depends on the quality of raw semen, and 

also on the composition of their seminal plasma and sperm-plasma membranes 

(Aurich, 2005). The cooled-sensitive semen can be performed only artificial 

insemination with fresh semen. This reduces major benefits of artificial insemination 

in a considerable number of valuable breeding sires. A genetic component has to be 

taken into account, but in horse breeding, the selection of sires for semen traits has not 

become routine (Leeb et al., 2005). Under natural mating conditions, the semen is 

ejaculated directly into the uterine lumen and exposure of spermatozoa to seminal 

plasma is less than after semen collection (Walton, 1960). Greater concentrations of 

seminal plasma in cooled-stored stallion semen are detrimental to motility and fertility 

(Jasko et al., 1992). Detrimental effects of seminal plasma on spermatozoa during 

cooled-storage may be related to action of specific enzymes. Activity of lipase and 

glycoprotein could be demonstrated in equine seminal plasma and both impair sperm 

motility (Carver and Ball, 2002). However, completely remove of seminal plasma 

does not enhance semen longevity. Therefore 5% to 20% of seminal plasma should be 

retained after centrifugation (Jasko et al., 1992; Loomis, 2006). Beneficial effects of 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib18#bib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib11#bib11
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib5#bib5
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib24#bib24
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib42#bib42
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib18#bib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib13#bib13
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib18#bib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib26#bib26
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seminal plasma may be related to its antioxidant properties that are even enhanced by 

interaction with the semen extender (Kankofer et al., 2005). Results from studies on 

the effects of different seminal plasma fractions on longevity of semen during cooled-

storage are contradictory. Akcay et al. (2006) revealed that fractionated semen 

collection and selective addition of either seminal plasma from the sperm-rich or the 

sperm-poor (post-sperm) fraction to cooled-stored semen resulted in decreased semen 

motility and membrane integrity when seminal plasma from the sperm-rich fraction 

was added. This result suggests a possible harmful effect of seminal plasma from the 

sperm-rich fraction on semen longevity. In contrast with Varner et al. (1987), greater 

sperm motility occurs in sperm-rich fractions in comparison to total ejaculates after 

storage for 24 h.  

 

Semen extenders are mainly based either on milk or on egg yolk. 

Extenders with a composition similar to the original recipe published by Kenney et al. 

(1975) are most popular and used worldwide. These extenders are inexpensive, easy 

to prepare, and can be stored in frozen form and result in acceptable fertility rates. 

Extenders based on egg yolk provide comparable results but are more complicated to 

process and generally do not result in enhanced semen quality or fertility (Malmgren 

et al., 1994). Recently, more defined media has been developed to diminish 

detrimental components also possibly included in complex biological substances like 

milk or egg yolk, and to develop for a constant composition (reviewed by Aurich, 

2005). In stallions with poor semen quality after cooled-storage, different extender 

media should be tested to find the optimal semen extender combination for this 

individual sire. As semen extenders stabilizing the sperm-plasma membrane, it was 

hypothesized that this effect might in turn has negative impacts on semen fertility 

because the ability to undergo the capacitation and acrosome reaction might be 

decreased (Pommer et al., 2002). In vitro induction of the acrosome reaction was 

significantly more effective in semen incubated in the presence of a skim milk 

extender than in the presence of TALP medium. This can be concluded that skim milk 

extender shortens the lifespan and maintenance of fertility of equine semen by 

induction of the acrosome reaction. The authors suggested the improvement of 

extender media decreased this effect (Pommer et al., 2002). However, in this study, 

semen was incubated at 37°C and this condition is certainly not comparable to storage 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib20#bib20
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T43-4SD29PN-6&_user=122832&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000009878&_version=1&_urlVersion=0&_userid=122832&md5=5ef0fcd1f7051b09a8ab351c4bdee3c8#bib40#bib40
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at 5°C. Components responsible for the induction of capacitation and the acrosome 

reaction (e.g. progesterone and calcium) are also present in egg yolk extenders 

(reviewed by Witte and Schäfer-Somi, 2007). However, at least in cooled-stored 

canine semen, egg yolk in semen extender did not contribute to premature induction 

of the acrosome reaction, but a stabilizing effect could be confirmed (Witte et al., in 

press). 

 

6.2 Frozen semen 

 

Preservation of semen is closely connected with the development of 

artificial insemination (AI). The first report on attempted semen cryopreservation 

dates back to the Italian priest and physiologist Spallanzani in 1776 who tried to 

freeze semen with the help of snow (Saragusty et al., 2007b), and who performed the 

first successful insemination in a dog in 1785 (Pesch and Hoffmann, 2007). There has 

been a great development since 1789, when frog spermatozoa were able to fertilize 

eggs after freezing and thawing (Luyet and Gehenio, 1940). Despite this finding, it 

was not possible to start using cryopreserved semen in breeding programs until 

accidentally discovered glycerol act as cryoprotectant for spermatozoa (Polge et al., 

1949). Horse is the first domestic animal on which artificial insemination was 

practiced and equine semen was the first animal semen to be submitted to 

experimental cooling. The first pregnancy from frozen stallion semen is reported in 

1957 (Barker and Gandier, 1957). A dramatic increase in the use of cryopreserved 

stallion spermatozoa has been seen because of large differences among samples 

(Squires et al., 2003) as to fertilizing capacity and ability to withstand 

cryopreservation procedures; subfertility is also common in stallions (Casey et al., 

1997) and about 1/3 of the stallions is largely unfreezable (Vidament et al., 1997; 

Pickett and Amann, 1993).  

 

Processing of semen such as freezing and thawing is detrimental to sperm 

functionality (Watson, 1995) and usually results in the death of large numbers of 

spermatozoa. Mostly critical time of freezing spermis the period of extracellular ice 

crystal formation (Pegg, 2002; Rubei et al., 2004). At this stage exposes the cells to 

osmotic stresses imposed by the water–solute interactions that arise from extracellular 
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ice crystallization (de la Cueva et al., 1997). Exposure of cells to the hyperosmotic, 

still unfrozen solutions results in withdrawal of intracellular water and, consequently, 

to cell shrinkage and, possibly, to influx of ions as well (Holt, 2000). No evident 

differences in fertility results have been presented between using programmable 

freezing compared with freezing in the vapors above a liquid nitrogen surface (Clulow 

et al., 2008). Although the connection between freezing rate and the packaging 

method is well known, the choice of thawing method has to be carefully considered 

(Klug et al., 1992). In Thailand, there is no information available on the freezability of 

semen in the Thai native crossbred horses. 

 
 
 



24 

MATERIALS AND METHODS 
 
Chemicals 

 

All chemicals in this study were purchased from Sigma Chemical Company 

(Sigma, St Louis, MO, USA) unless stated otherwise. 

 

Experimental animals 

 

Nine stallions consisting of Thai native crossbred horses (T; n = 5) and full 

size purebred horses (F; n = 4; 1 Holstein, 1 Standardbred and 2 Thoroughbreds) 

aging between 5 and 12 years were used in the study. The average body weight of T 

was 210 kg, and F was 500 kg. Full size purebred stallions were active breeding sires 

and they used in artificial insemination programs, however there is no breeding record 

for T stallions. Physical examination showed that all stallions had normal 

reproductive tracts (i.e. no cryptorchids were present). The testicular size of each 

horse was measured with calipers. Semen was collected monthly using a Missouri-

type artificial vagina during January to June 2007. A total of six ejaculates were 

collected from each stallion.   

 

Experimental procedures 

 

1.  Semen and sperm head morphometric characters  

 

Testicular size of each stallion was measured with calipers. Immediately 

after the collection, macroscopic parameters as color and volume of each ejaculate 

were evaluated. The gel fraction of semen was removed by filtering through sterile 

gauze. The pH was performed by pH meter. The osmolality of raw semen from each 

stallion was routinely determined using a cryoscopic osmometer (Osmomat 030, 

Gonotec GmbH, Germany). Evaluation of the ejaculate traits of sperm concentration 

(using a hemocytometer) and subjective motility was performed. Total motility and 
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progressive motility of fresh semen were assessed subjectively under a phase contrast 

microscope (x100 and x400 magnification, respectively). Morphological 

abnormalities of spermatozoa were studied in wet preparations made from the formal-

saline fixed samples (Hancock, 1957) and evaluated under a phase-contrast 

microscope at a 1000x magnification. Altogether, 200 spermatozoa were examined 

for normal and abnormal morphology. To measure head size, the sample slides were 

stained for 40 min with Harris' haematoxylin (Hidalgo et al., 2005), and permanently 

mounted before measurement of the sperm head by using the IVOS version 12.3 

systems (Hamilton Thorne Research, Beverly, MA, USA). The images were evaluated 

by morphology software (Oval Metrix Version 4.18). Recognition of sperm and the 

rejection of other cells depended on the hardware and software specifications. The 

analysis software settings were: minimum contrast 15, minimum size 1 µm2, erosion 

level 7.0, camera gain 50, camera contrast 180, and scale 0.147µm/px. The system 

recommended objective lens for equine sperm was 60x. The number of 

morphologically normal sperm heads acquired from each replication for analysis was 

200 sperm, so a total number of 800 sperm per animal were analyzed. The computer 

software reported five basic measurements: the sperm head features of length (L; µm), 

width (W; µm), elongation [(width/length) x 100; %], perimeter (P; µm) and head 

area (A; µm2): and also calculated four non-dimensional derived parameters: 

ellipticity (e) = (L − W) / (L + W); shape factor 1 (Sf1; rugosity) = 4πA/ P2; Shape 

factor 2 (Sf2) = Sf1 x (L/W) and  shape factor 3 (Sf3; regularity) = π (L/W) / 4A 

(Buendía et al.,2002). Membrane integrity of spermatozoa was determined with the 

hypo-osmotic swelling test (HOS test) (Neild et al., 1999), while live sperm was 

determined using the eosin-nigrosin staining test (William, 2003).  

 

2.  Effects of extenders and glutamine on semen characteristics after cooled 

storage 

a.  Preparation of Extenders 

The ingredients for each extender (per 1 L) were as follows: 1) Kenney 

extender (Kenney et al., 1975) consisted of glucose monohydrate (40 g), skim milk 
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(24 g), penicillin G sodium salt 150,000 IU and streptomycin (crystalline) (0.15 g); 2) 

Kenney extender supplement with 50 mM L-glutamine (Kenney-G); 3) INRA 

extender (Vidament et al., 2000) consisted of glucose monohydrate (25 g), lactose 

monohydrate (1.5 g), raffinose pentahydrate (1.5 g), sodium citrate dehydrate (0.25 

g), potassium citrate monohydrate (0.41 g), ticarcillin (0.1 g), skim milk (55.75 g), 

HEPES (7.14 g) and egg yolk  2 % (v/v) and 4) INRA extender supplement with 50 

mM L-glutamine (INRA-G). After adding all the ingredients, the extender were 

centrifuged at 10,000 x g for 20 min to remove insoluble egg yolk droplets prior to 

use. The pH and osmolarity of each extender is presented in Table 1. 

  

Table 1  pH and osmolarity of extenders for cooled semen in stallions. 

 
Extenders pH 

(mean ±SE; range) 

Osmolarity (mOsm) 

(mean ±SE; range) 

 

Kenney (E1) 

 

7.10±0.04 (6.80-7.20)a

 

367.4±3.58 (350-380)a

Kenney-G (E2) 7.38±0.04 (7.20-7.60)b 424.5±8.79 (380-490)b

INRA (E3) 7.18±0.10 (6.60-7.70)a,b 352.4±5.56 (320-375)c

INRA-G (E4) 7.14±0.12 (6.80-7.20)a,b 412.7±7.78 (370-450)b

 

Significant differences (P<0.05) in column are indicated with lower-case letters (a, b, 

c). 

 

 b.  Cooling procedure 

Immediately after dismount, all ejaculates were added E1 at a ratio of 

1:3 as a washing media and diluted semen was centrifuged at 400 x g for 10 min. The 

supernatant was removed and the pellet was diluted to a concentration of 200 x 106 

sperm / ml in each extender, and was then placed in storage in a mobile refrigerator 

(5°C). The semen was transported to the laboratory within 3 h after semen collection. 
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c.  Semen analysis 

 

After transportation, cooled semen was evaluated for motility and 

sperm velocity  with a Computer-Assisted Sperm Analysis (CASA) system (IVOS 

version 12, Hamilton Thorne Research, MA, USA) at 0, 24, 48, 72 and 96 h. 

Parameters evaluated by CASA were total motile spermatozoa (TMOT, %), 

progressively motile spermatozoa (PMOT, %), curvilinear velocity (VCL, mm/s), 

linear velocity (VSL, mm/s), and average path velocity (VAP, mm/s). System 

parameters were set for equine spermatozoa by using equine motility software (Table 

2). A 3-µl drop of each sample was placed on a preheated (37ºC) 2X cell chamber (20 

µm depth). To select cells from the debris, the camera recognized the position of the 

sperm heads in successive frames. At least five fields or 400 spermatozoa per sample, 

with approximately 100 cells per field were evaluated. Sperm tracks with a 

straightness value of less than 60% were considered non-progressive motile 

spermatozoa, while sperm tracks with VAP less than 20µm/s were considered non-

motile spermatozoa. Assess for viability, membrane integrity were evaluated, as 

described above. 
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Table 2  Settings for the Hamilton Thorne IVOS (CASA, Equine motility software  

version12.1, Hamilton Thorne Research IVOS, Beverly, MA, USA). 

 
Parameters Setting 

 

Frame rate (Hz) 

 

60 

Frames acquired (no.) 30 

Minimum contrast 70 

Minimum cell size (pixels) 5 

Medium VAP cut off (µm/s) (MVV) 20 

Medium thredshold straightness (%) 60 

Low VAP cut off (µm/s) 100 

Low VSL cut off (µm/s) 0.0 

Non-motile head size (pixels) 6 

Non-motile head intensity 106 

Static size limit (min/max) 0.61/3.38 

Static intensity limit (min/max) 0.30/1.96 

Static elongation limit (min/max) 20/97 

 

3.  Freezability of semen in different extenders 

 

a.  Preparation of Extenders 

 

One liter of four different extenders were prepared as follows: 1) 

INRA extender (E1) (Vidament et al., 2000) consisted of glucose monohydrate (25 g), 

lactose monohydrate (1.5 g), raffinose pentahydrate (1.5 g), sodium citrate dehydrate 

(0.25 g), potassium citrate monohydrate (0.41 g), ticarcillin (0.1 g), skim milk (55.75 

g), HEPES (7.14 g) and egg yolk (2 % v/v); 2) INRA extender supplemented with 50 

mM L-glutamine (E2); 3) lactose-EDTA extender (E3) (Martin et al., 1979) consisted 

of 25 ml of glucose-EDTA [glucose (0.3 g), EDTA (0.185 g), NaHCO3 (0.06 g), 

ticarcillin (0.1 g) in 50 ml of distilled water ], 50 ml of 11% lactose solution, SDS (0.1 

g) and egg yolk (20% v/v); and 4) lactose-EDTA extender supplemented with 50 mM 
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L-glutamine. Extenders were centrifuged at 10,000 x g for 20 min to remove insoluble 

egg yolk droplets prior to use. Then 3.5% and 4% glycerol base cryoprotectant were 

added to the INRA and lactose-EDTA extenders, respectively. Osmolarities of each 

cryopreservation extender are shown in Table 3. 

 

Table 3  Osmolarity of freezing extenders. 

 

Freezing Extenders Osmolarity (mOsm/kg) 

Mean ±SE (range) 

 

INRA 

 

835.33 ± 35.69 (680-914) a

INRA-G 877.67 ± 37.83 (776-989) a,b

Lactose-EDTA 967.67 ± 43.04 (806-1101) b,c

Lactose-EDTA-G 1023.33 ± 47.64 (833-1189) c

 

Significant differences (P<0.05) in column are indicated with lower-case letters (a, b). 

 

b.  Freezing procedure 

After evaluation, each semen was diluted at a ratio of 1:3 (semen: 

extender) in a Kenney extender (Kenney et al., 1975) and subjected to centrifugation 

at 400 x g at room temperature (30ºC) for 10 min to remove seminal plasma. 

Spermatozoa pellets were resuspended in four different freezing extenders (E1-E4) 

and then placed in a mobile refrigerator (5°C) for equilibration during transport to the 

laboratory for further processing.    

 

Semen samples were equilibrated at 5°C over a 3 h period and stored 

in liquid nitrogen at -196°C. Before freezing (BF), semen samples were evaluated for 

motility, motion velocity, viability and membrane integrity. All samples were 

required to have an original motility of at least 50% in order to be considered 

acceptable for freezing in this study. Frozen semen was thawed in a 37°C water bath 

for 30 s immediately prior to analysis.  
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c.  Semen analysis 

 

Analyses of motility, viability, and membrane integrity were 

described as above. To distinguish between different acrosomal conditions, the 

acrosome was visualized by staining with Fluorescein isothiocyanate conjugated 

peanut agglutinin (Arachis hypogaea, FITC-PNA) and propidium iodide (Cheng et 

al., 1996). Microscopic examination (Olympus BX50, Japan) was conducted with an 

oil immersion objective at 1000X magnification. Functional plasma membrane 

integrity of freeze-thawed semen was determined with hypoosmotic swelling tests 

(HOS tests; Neild et al., 1999). A minimum of 200 spermatozoa were individually 

observed at 400X magnification and classified by the presence or absence of a 

swollen tail (curled/coiled principal or end piece). The percentage of HOS test 

positive spermatozoa (number of spermatozoa with swollen tails per total number of 

spermatozoa × 100) was recorded for each sample (Jeyendran et al., 1984; Nie and 

Wenzel, 2001).  

 

A post-thaw motility ≥30% is a generally accepted criterion for 

decent freezability of stallion semen production (Boyle, 1999). Freezability of stallion 

semen was calculated by the number of ejaculates selected after freeze-thaw over the 

total number of ejaculates (Vidament et al., 1997). 

 

Statistical analysis 

 

1.  Semen and sperm head morphometric characters 

 

Data are reported as mean ± SEM. Data was analyzed statistically by 

ANOVA (SPSS/PC+ statistics package, version 11.5 for Windows, SPSS Inc, 

Chicago, IL, USA). For each morphometric parameter, normality and homogeneity of 

the data variance distribution were checked by the Kolmogorov-Smirnov and 

Levene’s tests. One way ANOVA producing significant F-values was followed by 

Fisher’s Least Significant Difference (LSD) test for multiple comparisons between 
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animals. An independent-samples T test was used for comparisons between groups of 

animals. The coefficient of variation (CV) was calculated for within-animal and 

between-animal groups (Buendía et al., 2002). 

 

2.  Effects of extenders and glutamine on semen characteristics after cooled 

storage 

 
The percentage of live sperm, motility, velocity and pH between the 

different extenders during a 96 h period were analyzed by ANOVA (SPSS/PC+ 

statistics package, version 11.5 for Windows, SPSS Inc, Chicago, IL, USA) followed 

by LSD tests to identify statistically significant differences between extenders.  

 
3.  Freezability of semen in different extenders 

 

Data were analysed statistically by ANOVA (SPSS/PC+ statistics package, 

version 11.5 for Windows, SPSS Inc, Chicago, IL, USA) followed by Fisher's Least 

Significant Difference (LSD) tests to identify statistically significant differences 

between extenders. Sperm parameters in fresh and frozen spermatozoa were 

compared using t-tests for two related samples with a P-value<0.05 considered 

significant.  
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RESULTS AND DISCUSSION 

 

Results 

 

1. Semen and sperm head morphometric characters 

 

1.1 Testicular size  

 

Mean testicular size (length x width x height) of T for the left and right 

testes were 8.9 x 5.2 x 5.3 cm and 8.3 x 5.3 x 5.1 cm, respectively, while the testicular 

size of F were 12.9 x 10.3 x 6.7 cm and 12.7 x 10.1 x 6.7 cm, respectively.  Mean 

testicular volume (± SEM) of left and right testes in T were 131.3 ± 14.5 and 119.8 ± 

14.5 cm3 and in F were 266.6 ± 32.6 and 260.0 ± 35.7 cm3, respectively. The 

testicular sizes of left and right testes were not significantly different (P>0.05) in both 

T and F. However, both left and right testicular sizes and volumes of T were smaller 

(P<0.05) than those of F. 

 

1.2 Semen Characteristics  

 

Raw semen characteristics of T and F stallions were presented in Table 4. 

Ejaculate traits of T were significantly different (P<0.05) from F, except with regard 

to gel-free volume, percentage of live sperm, percentage of normal morphological 

sperm, percentage of positive HOST sperm, and semen pH. Sperm concentrations 

ranges were 55 - 2,655 x 106 cells/ ml and 105 - 740 x 106 cells/ml, and percentages 

of live sperm ranges were 77.2 ± 2.2 to 81.7 ± 2.0% and 73.5 ± 3.35 to 76.4 ± 3.0%, 

in T and F, respectively.  
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Table 4  Ejaculate traits of Thai native crossbred (T; n=30) and purebred (F; n=24) 

stallions (mean ± SEM). 

 
Parameters T F 

 

Total volume (ml) 

 

64.0±5.2 a
 

48.6±3.2 b

Gel free volume (ml) 44.0±2.1 47.0±3.2 

Sperm concentration (x106/ml) 309.0±30.7 a 374.5±28.4 b

Total sperm (x109/ejaculate) 10.5±0.7 a 17.3±1.7 b

Total motility (%) 77.8±1.3 a 73.0±2.0 b

Progressive motility (%) 55.4±1.3 a 46.8±1.7b

Lived sperm (%) 75.5±1.3 73.9±1.6 

Normal morphologically sperm (%) 49.7±1.3 48.1±2.8 

Host positive sperm (%) 58.7±1.9 57.8±1.7 

pH 7.6±0.03 7.6±0.04 

Osmolarity (mOsm/kg) 329.3±3.8 a 314.6±2.2 b

 

Significant differences (P<0.05) in line are indicated with lower-case letters (a, b). 

 

Sperm morphology of individual ejaculate samples of T and F stallions 

were presented in Table 5. All categories of sperm morphology were varied among 

stallions. Considering the average of T and F groups, there were not significantly 

difference (P>0.05) in percentage of normal morphology sperm, however, 

percentages of each types of morphologically abnormal sperm were significantly 

differences (P<0.05). Overall, sperm with an abnormal midpiece had the highest 

proportion of morphologically abnormal sperm in both T and F stallions. 

Morphologically normal and abnormal sperm of T stained with eosin/negrosin and 

detected by light microscopy were presented in Figure 4 and evaluated by scanning 

electron microscopy were presented in Figure 5. 
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Table 5  Percentage of sperm morphology of Thai native crossbred (T; T1 – T5) and 

purebred (F; F1– Standard-bred; F2– Warm-blood; F3 and F4– 

Thoroughbred) stallions (mean ± SEM). 

 

Stallions Normal 

morphology 

Abnormal 

head 

Abnormal 

midpiece 

Abnormal 

tail 

Proximal 

cytoplasmic 

droplet 

Distal  

cytoplasmic 

droplet 

 
T1 48.9 ± 1.8 a 8.9 ± 0.7 a 12.7 ± 0.8 a 1.1 ± 0.2 a 10.9 ± 0.8 a 17.6 ±1.4 a

 
T2 43.8 ± 2.4 a,c 14.2 ±1.5 b 29.3 ±1.6 b,c 1.8 ± 0.4 a,b 8.2 ± 1.1 a,b 2.9 ± 0.5 b

 
T3 60.8 ± 2.7 b 11.5 ± 1.4 a,b 16.2 ±1.6 a,c 1.4 ± 0.3 a 4.9 ±1.2 b,c 5.2 ± 1.1 b,c

 
T4 38.3 ± 2.7 c 9.2 ±1.1 a 10.3 ± 0.8 a 2.6 ± 0.5 b,c 28.9 ± 2.2 d 10.6 ± 1.7 d

 
T5 58.3 ± 2.2 b 9.1 ±1.4 a 19.8 ± 1.6 a 1.6 ± 0.3 a,c 3.3 ± 0.5 c 7.9 ± 1.1 c,d

 
Mean T 
 
(range) 

49.7 ± 1.3 

(19 – 75) 

10.2 ± 0.5 *

(2 – 33) 

16.5 ± 0.8 *

(3 – 41) 

1.6 ± 0.1 * 

(0 – 7) 

11.4 ± 1.0 *

(0 – 42) 

10.5 ± 0.8 *

(0 – 36) 

 
F1 40.1 ± 3.6 a 13.8 ± 1.3 a 31.6 ± 3.4 a,b 5.4 ± 1.3 a 3.5 ± 0.8 a 5.5 ± 2.0 

 
F2 61.5 ± 2.7 b 10.2 ± 2.1 a 14.3 ± 2.5 a 2.7 ± 1.0 b 5.7 ± 1.2 a,b 5.5 ± 2.1 

 
F3 35.9 ± 3.9 a 17.3 ± 2.8 b 29.9 ± 3.2 b 0.3 ± 0.2 c 9.3 ± 2.0 b 7.4 ± 1.5 

 
F4 58.0 ± 5.1 b 11.7 ± 1.6 a 17.3 ± 2.8 a 4.4 ± 1.1 a,b 3.9 ± 0.8 a,b 4.7 ± 1.3 

 
Mean F 
 
(range) 

48.1 ± 2.8 

(21 – 72) 

13.4 ± 1.1 

(4 – 23) 

23.9 ± 2.1 

(9 – 43) 

3.3 ± 0.6 

(0 – 13) 

5.5 ± 0.7 

(1 – 17) 

5.8 ± 0.9 

(0 – 16) 

 

Significant differences (P<0.05) within T or F are indicated with lower-case letters (a, 

b, c, d). 

Significant differences (P<0.05) between T and F are indicated by * in superscript  
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Figure 4  Light microscopy of Thai native crossbred stallion sperm after eosin / 

nigrosin staining; a – normal sperm; b –  pear shaped head; c – narrow head 

with abnormal midpiece; d –  acrosomal defect with abnormal midpiece; e – 

coiled tail below head; f – terminal coiled tail; g – proximal cytoplasmic 

droplet and h – distal cytoplasmic droplet (1000x). 
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Figure 5  Scanning electron microscopy of Thai native crossbred stallion sperm; a – 

normal sperm (top) and loose narrow head (below); b – narrow head with 

proximal cytoplasmic droplet; c – round head; d – acrosomal defect; e – 

acrosomal defect and bent tail and f – proximal cytoplasmic droplet with 

coiled tail (a-e – 2000x, bar=10 micrometers; f – 3600x, bar=1 

micrometers). 

 

Parameters for the morphometric characteristics of normal sperm heads are 

summarized in Table 6. There were differences (P<0.05) between individual stallions 
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in both T and F. Comparisons between the mean value of each characteristic of T and 

F normal sperm heads found that  the dimensions for length, elongation, perimeter 

and area were higher in T than those of in F (P<0.05). The coefficient of variation 

values (CVs) of normal sperm head morphometric characteristics were quite low, 

ranging from 3.3 (shape factor 1 and perimeter) to 8.5 (elongation) and 3.4 (shape 

factor 1) to 8.8 (elongation) in T and F stallions, respectively (in Table 6). Within-

stallion group analysis indicated that the CVs in both T and F sperm were also low 

(Table 7), while analysis between-groups found that the CVs were quite high for 

perimeter (19.2), area (19.8), length (28.9), shape factor 1 (25.8) and shape factor 3 

(32.0) for T stallions, but only shape factor 1 (26.1) for F sperm. The sperm head 

parameters with a low within-animal CVs and a high between-animal CVs were 

perimeter (2.9, 19.1), shape factor 1 (2.6, 25.8) and shape factor 3 (3.8, 32.0) for T 

and only shape factor 1 (2.9, 26.1) for F sperm. 
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Table 6  Normal sperm head morphometry of Thai native crossbred (T; T1 – T5) and purebred (F; F1 – Standardbred; F2 – Warmblood; 

F3 and F4 – Thoroughbred) stallions (mean ± SEM). 

 

  

Stallion 

Length 

(µm) 

Width 

(µm) 

Elongation 

(%) 

Perimeter 

(µm) 
Area (µm2) Ellipticity 

Shape 

factor (SF1) 

Shape 

factor (Sf2) 

Shape 

factor (Sf3) 

T1 6.24±0.03a 2.99±0.02a 0.35±0.002a 15.98±0.04a 15.88±0.09a,b 2.09±0.01a 0.78±0.002a 1.63±0.006a 0.92±0.004a

T2 6.07±0.02b 3.19±0.02b 0.31±0.003b 15.73±0.04b 16.23±0.09b 1.90±0.01b 0.82±0.002b 1.57±0.007b 0.94±0.003b

T3 6.33±0.02c 3.19±0.01b 0.33±0.002c 16.10±0.04a 16.67±0.08c 1.98±0.01c 0.81±0.001c 1.60±0.005c 0.95±0.002b

T4 6.18±0.02ab 3.11±0.02c 0.33±0.003c 15.76±0.04b 15.90±0.09a,b 1.99±0.01c 0.80±0.002c 1.60±0.008b,c 0.95±0.004b

T5 6.18±0.02a 3.08±0.01c 0.33±0.002c 15.71±0.03b 15.77±0.07a 2.02±0.01c 0.80±0.002c 1.61±0.005a,c 0.95±0.002b

Mean T 6.22±0.01* 3.09±0.0* 0.34±0.001* 15.88±0.02* 16.09±0.03* 2.01±0.005* 0.80±0.001* 1.61±0.003* 0.94±0.002* 

% CV (T) 4.5 6.2 8.5 3.3 6.6 6.5 3.3 4.6 4.2 

Percentile 

25/75 
6.00/6.40 2.90/3.20 0.31/0.35 15.60/16.20 15.40/16.80 1.94/2.10 0.79/0.82 1.56/1.66 

0.92/0.97 
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Table 6  (Continued) 

 

  

Stallion 

Length 

(µm) 

Width 

(µm) 

Elongation 

(%) 

Perimeter 

(µm) 
Area (µm2) Ellipticity 

Shape factor 

(SF1) 

Shape 

factor (Sf2)

Shape 

factor (Sf3)

F1 5.94±0.02a 2.99±0.01a 0.33±0.002a 15.14±0.03a 14.83±0.07a 1.99±0.07a 0.81±0.001a 1.62±0.004a 0.94±0.002a

F2 5.98±0.01a 2.92±0.01b 0.34±0.002b 14.89±0.03b 13.97±0.05b 2.06±0.01b 0.79±0.002b 1.62±0.004a 0.98±0.001b

F3 6.15±0.03b 2.92±0.01b 0.36±0.002c 15.24±0.05a 14.41±0.09c 2.11±0.01c 0.78±0.002c 1.64±0.006b 0.98±0.003bc

F4 5.85±0.01c 2.80±0.01c 0.35±0.001c 14.55±0.03c 13.20±0.05d 2.09±0.01c 0.79±0.001c 1.64±0.004b 0.98±0.002c

Mean F 5.94±0.08 2.89±0.01 0.35±0.001 14.88±0.02 13.90±0.04 2.06±0.004 0.79±0.001 1.63±0.002 0.97±0.001 

% CV (F) 5 6.5 8.8 4 8.5 6.8 3.4 4.7 3.5 

Percentile 

25/75 
5.70/6.20 2.80/3.10 0.33/0.36 14.50/15.20 13.10/14.70 1.97/2.14 0.77/0.81 1.58/1.68 0.95/0.99 

 

Significant differences (P<0.05) within T or F are indicated with lower-case letters (a, b, c, d). Significant differences (P<0.05) between T and 

F are indicated by * in superscript  
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Table 7  Within-animal and between-animal coefficient of variation values (CV) of normal sperm head morphometry in Thai native 

crossbred (T) and purebred (F) stallions. 

 

Stallion Length Width Elongation Perimeter Area Ellipticity 

Shape 

factor 

(SF1) 

Shape 

factor 

(Sf2) 

Shape 

factor 

(Sf3) 

 

T 
         

 

Within-animal CV 4.0 5.4 7.5 2.9 5.9 5.6 2.6 4.3 3.8 

 

Between-animal CV 28.9 17.6 11.2 19.2 19.8 13.9 25.8 13.2 32.0 

 

F 
         

3.2 

 

Between-animal CV 5.3 11.9 17.6 1.6 4.0 16.0 26.1 14.2 

 

7.2 

 

Within-animal CV 4.8 5.8 8.1 3.6 7.2 6.3 2.9 4.5 
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2.  Effects of extenders and glutamine on semen characteristics after cooled 

storage 

 

2.1 Comparisons between extenders 

 

Mean percentages of TMOT, PMOT, HOST positive and live sperm after 

dilution (0 h) did not differ among extenders in T and F (P>0.05; Figure 6). In T, the 

difference of TMOT among 4 extenders was  clearly observed  (P<0.05; Figure 6A) at 

48 h to 96 h of storage, INRA extender tended to maintain TMOT better than Kenney, 

Kenney-G and INRA-G extender; however, at 96 h of storage, Kenney extender had 

more TMOT than the others (P<0.05). TMOT in F was not difference among 

extenders in all periods of storage (P>0.05; Figure 6B). The differences of 

percentages of PMOT and HOST positive sperm in T among extenders were observed 

at 24 h to 96 h of storage (P<0.05; Figure 6C, 6E). Similar to TMOT, T cooled semen 

in INRA extender tended to maintain PMOT better than Kenney, Kenney-G and 

INRA -G extenders. However, semen diluted in Kenney extender at 96 h had more 

PMOT compared to the other extenders (P<0.05). The percentages of PMOT and 

HOST positive sperm in F (Figure 6D, 6F) were not difference among extenders in all 

periods (P>0.05).  

 

The percentage of live sperm in T cooled semen was difference (P<0.05; 

Figure 6G) at 48 h and 96 h of storage, and in INRA and INRA -G tended to be higher 

than that of Kenney and Kenney-G, while in F there was no difference among 

extenders (P>0.05; Figure 6H).  For sperm velocity parameters, VCL, VSL and VAP 

did not differ (0 h) with extenders in both T and F groups (Table 8). In T, VAP of 

diluted semen was difference among extenders (P<0.05) at 24 h to 96 h of storage, 

and Kenney and INRA extender had more VAP (P<0.05) after storage for 24 h, 48 h 

and 72 h; however, Kenney extender had more VAP at 96 h of storage than in INRA 

extender (P<0.05).  

 



 

Figure 6  Semen characteristics of Thai native crossbred (A, C, E and G) and 

purebred horses (B, D, F and H) after storage at 5°C in different extenders 

for up to 96 h.Within the same time interval, significant differences 

(P<0.05) among extenders are indicated with lower-case letters (a, b, c). 

 

Kenney Extender Kenney-G extender 

INRA extender INRA-G extender
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Table 8  Average path velocity (VAP), curvilinear velocity (VCL) and straight line velocity (VSL) of Thai native crossbred (T) and  

purebred stallion (F) sperm after storage at 5°C in different extenders. 

 

T  F Sperm 

velocity 

Storage 

time (h)* Kenney Kenney-G INRA INRA -G  Kenney Kenney-G INRA INRA -G 

VAP 0 81.1 ± 2.7 80.1 ± 2.3 86.3 ± 2.6 80.1 ± 2.5  77.3 ± 4.0 81.6 ± 3.6 79.1 ± 3.4 77.8 ± 4.7 

 24 78.0 ± 2.7 a 68.2 ± 1.9 b 77.5 ± 2.2 a 67.4 ± 2.6 b  69.9 ± 4.0 77. 9 ± 3. 9 71.9 ± 3.8 67.3 ± 4.9 

 48 63.8 ± 2.0 a 52.8 ± 2.6 b 63.0 ± 2.6 a 53.1 ± 2.6 b  60.8 ± 3.0 65.0 ± 3.7 62.0 ± 4.0 57.4 ± 3.6 

 72 56.0 ± 2.5 a 44.1 ± 2.5 b 49.5 ± 2.7a 42.5 ± 2.6 a,b  59.0 ± 3.7 a,b 55.6 ± 2.5 a 59.5 ± 4.0 b 49.3 ± 3.3 a,c

 96 47.8 ± 3.1 a,b 45.1 ± 1.9 a 41.3 ± 1.9 c 35.5 ± 2.1 b,c  57.4 ± 2.8 a,b 50.0 ± 1.9 a 54.7 ± 3.5 b 44.8 ± 2.6 a,c

VCL 0 165.3 ± 5.1 170.4 ± 5.2 175.5 ± 4.2 169.2 ± 4.9  156.1 ± 5.6 166.1 ± 6.3 159.7 ± 5.0 155.4 ± 11.4 

 24 161.7 ± 5.6 a,b 150.1 ± 3.8 a 161.7 ± 3.7 b 181.2 ± 4.3 a  144.2 ± 5.5 160.5 ± 6.1 148.5 ± 5.4 143.3 ± 8.4 

 48 143.7 ± 3.8 a,b 125.5 ± 4.9 c 142.7 ± 4.4 a 125.0 ± 4.5 c  134.2 ± 4.3 141.5 ± 6.5 137.5 ± 6.5 124.7 ± 8.8 

 72 130.9 ± 4.8 a,b 114.5 ± 4.1 c 119.0 ± 4.9 b 102.5 ± 5.6 a,c  125.1 ± 8.6 125.4 ± 5.3 126.3 ± 9.0 116.0 ± 6.4 

110.5 ± 4.8 a,c
 96 117.7 ± 5.1 a,b 110.4 ± 3.9 a 101.8 ± 4.6 c 93.0 ± 3.8 b,c  130.5 ± 4.0 a,b 119.2 ± 3.3 a 127.7 ± 5.5 b
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Table 8  (Continued) 

 

T  F 

INRA -G 

Sperm 

velocity 

Storage 

time (h)* Kenney Kenney-G INRA INRA -G  Kenney Kenney-G INRA 

VSL 0 49.8 ± 2.0 48.0 ± 1.8 51.3 ± 2.4 47.2 ± 2.2  49.0 ± 11.5 50.3 ± 11.0 49.9 ± 12.5 48.0 ± 12.3 

 24 46.1 ± 1.5 a 39.5 ± 1.4 b 44.4 ± 2.8 a,b 40.6 ± 2.5 a,b  45.4 ± 3.3 48.3 ± 2.8 45.7 ± 3.50 42.5 ± 3.8 

 48 35.6 ± 1.2 a 28.6 ± 1.6 b 35.4 ± 2.1 a 30.2 ± 2.0 b  37.3 ± 2.2 43.8 ± 2.3 37.1 ± 3.03 

27.9 ± 2.6 a,c

24.4 ± 1.6 b

33.2 ± 2.8 

* Within the same time interval and within breed, significant differences (P<0.05) among extenders are indicated with lower-case letters 

(a, b, c). 

 72 29.6 ± 1.5 a 23.7 ± 1.4 b 26.6 ± 1.9 a 22.6 ± 1.7 a,b  35.1 ± 2.6 a,b 33.0 ± 1.6 a 35.1 ± 2.8 b

 96 25.0 ± 1.7 a,b 22.6 ± 1.1 a 21.7 ± 1.3 b 19.6 ± 1.3 a,b  32.5 ± 2.2 a,b 29.1 ±1.6 a,b 35.0 ± 2.6 a
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For VAP in F, cooled semen was not difference among extenders (P> 

0.05) leading up to 48 h of storage, and at 72 h and 96 h, INRA-G tended to be lower 

VAP than in Kenney, Kenney-G, and INRA extender. VCL and VSL in T was also 

difference among extenders (P<0.05) from 24 h of storage. Those diluted with 

Kenney and INRA tended to be higher VAP in than Kenney-G and INRA-G from 24 

h to 72 h of storage, but at 96 h, Kenney extender had more VCL and VSL than in 

INRA (P<0.05). In F, VCL was not difference at 24 h to 72 h of storage (P>0.05) 

among extenders, and at 96 h, INRA-G tended to be lower than the others. VSL of F 

was not difference from 24 h to 48 h of storage (P>0.05) among extenders, and at 72 

h and 96 h, INRA-G extender tended to be lower VSL than in Kenney, Kenney-G, 

and INRA extender. 

 

2.2 Comparisons within cooled extenders 

 

Period of cooled storage significantly decrease in semen characteristics in 

each extender was observed (Table 9). TMOT and live sperm in both T and F stallion 

were decreased (P<0.05) at 48 h in all extenders examined. The PMOT of T semen in 

Kenney and INRA were decreased (P<0.05) at 48 h, but only at 24 h when semen 

were diluted in Kenney-G and INRA-G, while the PMOT of F diluted semen 

decreased (P<0.05) at 48 h in all extenders. Percentages of HOST positive sperm 

decreased (P<0.05) at 24 h, except those diluted in INRA in both T and F, which were 

decreased (P<0.05) at 48 h. T sperm velocities (VAP, VSL and VCL) were decreased 

(P<0.05) at 48-72 h in Kenney and 24-48 h in other extenders. Sperm velocities of F 

were decreased (P<0.05) at 24-48 h in Kenney, 48-96 h in Kenney-G, 48-72 h in  

INRA, and 24-96 h in INRA-G. Considering all parameters of semen characteristics, 

INRA maintained for longer than other extenders for both T and F after cooled 

storage. 
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Table 9  Periods of cooled storage at serial time in which semen characteristics of Thai native crossbred (T) and purebred (F) horses were 

significantly decreased (P<0.05), compared to fresh diluted semen. 

 

T (h) 
 

F (h) parameters 

 

Kenney 

 

Kenney-G 

 

INRA 

 

INRA-G 

 

 

Kenney 

 

Kenney-G 

 

INRA 

 

INRA-G 

 

TMOT 

 

48 

 

48 

 

48 

 

48 

  

48 

 

48 

 

48 

 

48 

PMOT 48 24 48 24  48 48 48 48 

Live sperm 48 48 48 48  48 48 48 48 

HOST positive sperm 24 24 48 24  24 24 48 24 

VAP 48 24 48 24  48 48 48 96 

VSL 48 24 24 24  24 48 72 24 

VCL 72 48 48 48  24 96 72 48 

pH* NS NS NS NS  NS NS NS NS 

46 

* NS – not significantly changed 
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The pH of diluted semen in different extenders were not significantly 

changed (p>0.05) during the period of storage (Table 10). 

 

Table 10  pH of diluted semen of Thai native crossbred (T) and  purebred stallion (F) 

sperm after storage at 5°C in different extenders. 

 
Extenders Stallion 

group 

Storage 

time (h) Kenney Kenney-G INRA INRA -G 

 

T 

 

0 8.11±0.07 8.11±0.06 7.48±0.09 7.45±0.10 

 24 8.17±0.06 8.13±0.06 7.51±0.09 7.53±0.10 

 48 8.21±0.06 8.17±0.06 7.52±0.08 7.54±0.09 

 72 8.23±0.06 8.18±0.06 7.52±0.07 7.55±0.09 

 96 8.28±0.07 8.11±0.07 7.50±0.08 7.52±0.08 

 

F 

 

0 8.13±0.06 8.07±0.07 7.78±0.11 7.76±0.12 

 24 8.15±0.07 8.10±0.07 7.78±0.11 7.78±0.10 

 48 8.17±0.05 8.14±0.06 7.79±0.11 7.80±0.11 

 72 8.24±0.05 8.21±0.05 7.76±0.10 7.78±0.11 

 

3. Freezability of semen in different extenders 

 

3.1 Effect of extenders on frozen semen characteristics 

 

Motility, progressive motility, intact membrane- acrosome and positive 

membrane integrity before freezing (BF) and post thawed (PT) in T and F semen were 

shown in Figure 7. The mean percentage (± SEM.) of total motility, progressive 

motility, intact membrane-acrosome and positive membrane integrity BF semen in T 

and F were 78.91±1.09, 73.78±2.09; 50.99±1.05, 46.08±1.70; 63.0±1.65, 59.43±2.34; 

61.16±0.70 and 57.23±0.48 respectively. All BF semen parameters were not 

significantly difference in INRA extender compared with Lactose-EDTA extender, 
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except total motility of T semen. The motility, intact membrane-acrosome and 

positive membrane integrity of post-thawed semen were reduced after freezing 

(P<0.05) in both T and F. Total motility and progressive motility of post-thawed T 

semen were significantly higher in Lactose-EDTA extender than INRA, INRA with 

glutamine and Lactose-EDTA with glutamine. Although, intact membrane- acrosome 

and positive membrane integrity of post-thawed T semen, and motility, intact 

membrane- acrosome and positive membrane integrity of post-thawed F semen were 

not significantly difference, Lactose-EDTA extender tended to maintain these 

characteristics better than other extenders.  

 

Motion velocity (VAP, VSL and VCL) of semen before freezing and post-

thawed in T and F were shown in Table11. Before freezing, VAP and VCL of T 

semen, and VCL of F semen in INRA extender were significant difference (P<0.05) 

compared with Lactose-EDTA extender, however they were not difference (P>0.05) 

from extenders added with glutamine compared with extender without glutamine. The 

VAP, VSL and VCL of post-thawed semen were reduced (P<0.05) in both T and F. 

The post-thawed VAP and VCL of F semen were different (P<0.05) in INRA 

extender compared with Lacose-EDTA extender. 

 

Adding 50 mM L-glutamine into extender had no adverse effect on 

motility, velocity parameters, membrane integrity and acrosome integrity. Moreover, 

all characteristics of post- thawed semen in extender with 50 mM L-glutamine were 

tended to lower than extender without 50 mM L-glutamine, such as, VAP, VSL and 

VCL of post thawed semen in Lactose-EDTA with glutamine or the motility, 

progressive motility, membrane integrity and acrosome integrity of post thawed 

semen in INRA added with glutamine. 
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Figure 7  Total motility, progressive motility and acrosome integrity of T and F 

sperm in different extenders before  freezing and post-thawed. Within the 

post-thawed period, significant differences (P< 0.05) between extenders are 

indicated with lower-case letters (a, b, c). 
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 Table 11  Semen motion characteristics of Thai native crossbred (T) and full-sized   

purebred stallion sperm (F) in different extenders before freezing (BF) and 

post-thawed (PT). 

 

T F Motion 

Velocity 

 

Extender Mean BF Mean PT 

 

Mean BF Mean PT 

 

VAP INRA 85.7±2.5 a 49.9±2.5 

 

79.0±4.4 46.7±2.6 a

 INRA-G 82.0±2.4 a,c 46.4±2.1  78.4±4.2 44.3±1.9 a

 Lactose-EDTA 77.1±2.0 b,c 47.3±1.3  71.4±3.7 41.1±3.2 a,b

 Lactose-EDTA-G 73.8±2.1 b 45.8±1.9  70.3±3.7 36.4±2.8 b

       

VSL INRA 49.6±1.6 40.5±3.1  48.4±3.2 35.8±2.5 

 INRA-G 47.9±1.6 36.6±3.0  47.1±3.1 33.7±2.0 

 Lactose-EDTA 53.1±1.3 42.4±2.9  49.4±2.8 32.5±2.8 

 Lactose-EDTA-G 51.4±1.6 40.0±2.8  46.3±3.2 29.1±2.4 

       

VCL INRA 174.4±5.6 a 100.2±6.6  162.1±6.3 a 98.0±4.2 a

 INRA-G 170.1±4.9 a,b 96.2±5.9  160.8±8.4 a,b 92.9±4.2 a,b

 Lactose-EDTA 165.3±3.0 b,c 93.1±4.7  142.1±7.0 b,c 82.1±5.5 b,c

 Lactose-EDTA-G 162.7±3.7 c 91.4±5.0  140.6±7.7 c 72.4±4.4 c

 

Within the same time interval, significant differences (P<0.05) between extenders are 

indicated with lower-case letters (a, b, c). 

 

3.2 freezability of the semen 

 

The number of suitable ejaculates for freezing was shown in Table 12. 

Only one purebred stallion and two Thai native crossbred stallions were ejaculated 

suitable semen for freezing, which were contained sperm motility >50% and post-

thawed motility ≥30%. One T preferred both extenders INRA and Lactose-EDTA (3/5 
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and 2/5 ejaculates passed protocol), and one T preferred Lactose-EDTA (2/5 

ejaculates passed protocol). Only one of four F stallions preferred Lactose-EDTA (2/5 

ejaculates passed protocol). Freezability of T semen samples was 40% (8/20), and that 

of the F semen sample was 25% (5/20). The numbers of good semen passed freezing 

protocol were higher when they were frozen by using Lactose-EDTA and INRA 

extenders. 

 

Table 12  Freezability of T and F semen samples frozen by using INRA, INRA-G, 

Lactose-EDTA and Lactose-EDTA-G extenders. 

 

Number of ≥30% motility post-thawed ejaculates 

 

 

Stallions 

Number 

of 

ejaculates 

Number 

of >50% 

motility 

ejaculates

 

INRA 

 

INRA -G 

 

Lactose-

EDTA 

 

Lactose-

EDTA -G 

 

Total 

 

F1 

 

6 

 

5 

 

1/5 

 

1/5 

 

2/5 

 

1/5 

 

5/20 

F2 6 2 0 0 0 0 0/20 

F3 6 5 1/5 0 0 0 1/20 

F4 5 4 0 0 0 0 0/20 

T1 6 5 0 0 2/5 0 2/20 

T2 6 5 1/5 0 1/5 0 2/20 

T3 6 5 1/5 0 1/5 1/5 3/20 

T4 6 5 3/5 2/5 2/5 1/5 8/20 

T5 6 3 0 0 0 0 0/20 
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DISCUSSION 

 

1. Semen and sperm head morphometric characters 

 

Raw semen quality of T was better than that of F stallions in terms of TMOT 

and PMOT. Total number of sperm per ejaculate depends on weight and testicular 

volume (Thompson et al., 1979; Love et al., 1991), and thus, T produced less 

sperm/ejaculate than F. The mean semen pH of both T and F were in normal range 

(pH 7.35 - 7.7) (Davies-Morel, 1999). The higher osmolarity of T semen might be due 

to the greater volume of gel in this breed when compared with F. The mean 

osmolarity values of T and F semen in this study were lower than those reported by 

Griggers et al. (2001) (331.5 mOsm) but higher than the presumptive normal range 

(290 - 310 mOsm) (Davies-Morel, 1999). 

 

The percentage of each type of sperm morphology was variable for individual 

T stallions and also for F stallions. Percentage variation in semen quality between 

stallions was found both within breeds (Dowsett and Knott, 1996) and between breeds 

(Dowsett and Knott, 1996; Pickett, 1993; Kavak et al., 2004). The percentages 

morphologically normal sperm for T and F stallion were 49.7 % and 48.1 %, 

respectively. These mean values correspond to earlier findings by Long et al. (1993) 

(47.5%) and Pickett (1993) (51%), but are lower than the findings by Parlevliet et al. 

(1994) (Dutch Warmblood; 66%), Dowset and Knott (1996) (Standardbreds; 67.8%) 

and Kavak et al. (2004) (Estonian; 74.4%). Nevertheless, this study showed that in 

horses, as in other species such as rams (Abdel-Rahman et al., 2000) and bulls (Brito 

et al., 2004), native breeds produce semen of a better quality than that ejaculated by 

imported or maladapted breeds. The overall percentage of morphologically normal 

sperm of T and F stallions were closed to 50% for average normal morphologically 

normal sperm in stallions (Card, 2005), 43.4% for acceptable fertility (Neild et al., 

2000), but lower than the value for fertile stallions (75.5 %; Pesch et al., 2006). For 

morphologically abnormal sperm, high percentages of abnormal midpiece sperm were 

observed in both T (16.5 %) and F stallions (23.9 %). The high proportion of sperm 

with midpiece abnormality (25.3%) was also reported by Voss et al. (1981), however, 
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the stallions could still give the acceptable pregnancy rates of 62.5 to 91.7% (Voss et 

al., 1981). The cause of the abnormal midpiece sperm may due to a response to 

environmental effect as seen in bull scrotal insulation study (Brito et al., 2003; Barth 

and Oko, 1989). In addition to impaired epididymal function, insults to spermaocytes 

or spermatids could also result in an increase in cytoplasmic droplet in bulls (Brito et 

al., 2003). There were higher percentages of both proximal and distal cytoplasmic 

droplets in T than F stallions. However, these types of abnormality may (Pesch et al., 

2006; Jasko et al., 1990) or may not (Voss et al., 1981; Love et al., 2000) affect 

stallion fertility. A greater impact of sperm abnormality on fertility could be caused 

by an abnormal head, especially a detached acrosome, as well as by the structural 

integrity of the plasma membrane and other important organelles, which could be 

determined under transmission electron microscopy (Pesch et al., 2006; 

Veeramachaneni et al., 2006).  

 

All stallions studied here had more than one billion morphologically-normal, 

progressively- motile sperm per ejaculate. On this basis, it might be assumed that all T 

stallions were fertile, compared to the proven-fertile F stallions. However, their actual 

fertility or pregnancy rates were required for further studies to be determined.  

 

The morphometric characters of normal sperm heads were significantly 

differences within individual T or F stallions, and between T and F stallions. 

Difference in sperm head size within breed was reported in Warm-blood (Ball and 

Mohammed, 1995) and Spanish thoroughbred stallions (Hildalgo et al., 2008), and the 

difference sperm head between breed was observed in Arabian, Warm-blood, 

Thoroughbred and Morgan stallions (Ball and Mohammed, 1995). The results of this 

study confirm that there is a variation in the normal sperm head characteristics both 

within- and between- breeds of stallions, including the Thai native crossbred. In 

general, sperm heads in T group were larger and rounder than that of F group. This 

characteristic may render T sperm more sensitive to types of extenders employed in 

cooled storage semen (Phetudomsinsuk et al., 2008a). The cooling rate for stallion 

sperm can affect sperm motility during cooled storage (Varner et al., 1988; Moran et 

al., 1992). The different size of sperm may result in different cooling rates under the 

same procedure. There was also an evidence that the ‘smaller’ and ‘more elongated’ 
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sperm head, the better the sperm’s cryoresistance (Esteso et al., 2006). Thus, the 

sperm head size or shape may be an aspect to consider for improving cooled storage 

and cryopreservation protocols.  

 

Compared to previous studies of using Harris’ hematoxylin staining technique, 

almost all the morphometric parameters of F sperm head in this study were higher 

than those of sub-fertile stallions of unmentioned breeds (Casey et al., 1997) and 

Spanish Thoroughbred stallions (Hildalgo et al., 2005) respectively, namely: length 

(5.94 µm, 5.77 µm, 5.67 µm); width (2.89 µm, 2.89 µm, 2.85 µm); perimeter (14.88 

µm, 14.59 µm, 15.00 µm) and area (13.90 µm2, 12.66 µm2, 13.42 µm2), respectively. 

Nevertheless, some parameters in this study were lower than the study with 

unmentioned breed of stallions (Gravance et al., 1997) which reported values of 

length 6.01 µm, width 2.97 µm, perimeter 15.64 µm and area 13.48 µm2.  

 

Within-animal group percentage CVs for all head morphometric parameters 

were low for sperm in both T (from 2.6 for shape factor 1 to 7.5 for elongation) and F 

(from 2.9 for shape factor 1 to 8.1 for elongation), which reflected a homogeneous 

sperm population within individuals. The results were similar to those studies with the 

unmentioned breed of stallion (from 5.8 for length and perimeter to 8.8 for area) 

(Gravance et al., 1997), ram (from 4.36 for length to 7.33 for shape factor 1) (Sancho 

et al., 1998), boar (from 2.93 for rugosity or shape factor 1 to 9.38 for elongation) 

(García-Herreros et al., 2006), but lower than those of cynomolgus monkey (from 

2.90 for shape factor 1 to 16.39 for ellipticity) (Gago et al., 1999), or alpaca (from 4.7 

for shape factor 1 to 17.8 for ellipticity) (Buendía et al., 2002)  

 

Between-animal group percentage CVs were relatively higher in the sperm of 

T (from 11.2 for elongation to 32.0 for shape factor 3) than F (from 1.6 for perimeter 

to 26.1 for shape factor 1). Identification of individual animals could be considered 

from parameters with low within-animal and high between-animal CVs. Suitable 

parameters using this process were perimeter (5.42 versus 35.45) and shape factor 1 

(7.33 versus 36.98) for ram (Sancho et al, 1998), perimeter (2.69 versus 14.43), shape 

factor 1 (rugosity; 2.93 versus 26.26) and shape factor 3 (regularity; 2.45 versus 

16.31) for boar (García-Herreros et al., 2006). The present study suggested that 
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perimeter (2.9 versus 19.2), shape factor 1 (2.6 versus 25.8) and shape factor 3 (3.8 

versus 32.0) for T and shape factor 1 (2.9 versus 26.1) for F sperm were suitable 

parameters. The crossbred genetic background may result in more variation of sperm 

dimensions with between-animal comparisons compared to the purebred.  

 

2. Effects of extenders and glutamine on semen characteristics after cooled 

storage 

 

During cooled storage, the quality of T semen in the extenders that were 

examined was divergent from 24 h of storage, which differed from the experience 

with F semen. The characteristics of F semen were not significantly different among 

extenders during the period leading up to 96 h. This may indicate that T sperm was 

more sensitive or less tolerant to various categories of extenders than F sperm. INRA 

tended to provide a better quality of stored semen than other extenders in both T and 

F. The superior results of INRA, compared to EZ-mixin, the ingredients of which are 

similar to Kenney extender, have also been reported in the study by Rota et al. (2004). 

This may be due to the more complex composition of the extender (Brito et al., 2004) 

and the beneficial effects of egg yolk (low-density lipoproteins and/or 

phosphatidylcholines) on the preservation of sperm membrane integrity (Kenney et 

al., 1975).  

 

The percentage of HOS test positive sperm persisted longer in INRA than in 

Kenney extender in both T and F semen (Table8), which could be an evidence of the 

superiority of INRA. However, the extender pH and osmolarity also affected semen 

characteristics. It has been suggested that to optimize sperm motility and viability, the 

extender pH should be 6.6-7.2 (Wendt et al., 2002), and osmolarity is 300-325 mOsm 

(Pommer et al., 2002).  The higher osmolarity of Kenney extender may be involved in 

this inferior result (Table1). Furthermore, high osmolarity could also be responsible 

for the adverse effect of extenders supplemented with glutamine (Kenney-G and 

INRA-G) on PMOT, HOST positive sperm and sperm velocities of T semen, and on 

HOS test positive sperm of F semen (Table 8). Thus, supplementing extenders with 

50 mM glutamine did not increase sperm viability, even being described as a cellular 

survival factor in enterocytes, immune system-derived cells, and cancer cells (Fuchs 
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and Bode, 2006). Also, in contradiction to studies of frozen-thaw semen, 

supplementation had adverse effects on sperm motility and membrane integrity. This 

may be due to the prolonged exposure of sperm to the high osmolarity of extenders. 

Various concentrations of adding glutamine to extenders and also adjusting extender 

osmolarity closed to seminal osmolarity should be considerd. An appropriate 

glutamine concentration may have some effects on increasing in sperm motility. 

 

3. Freezability of semen in different extenders 

 

Our study revealed that the use of glycerol as a cryoprotectant improved T 

semen cryopreservation, and the Lactose-EDTA extender gave better post-thaw 

percentages of total motile and progressive motile sperm (P<0.05) than did INRA 

extenders. Supplementing glutamine into the extenders did not produce any beneficial 

effects on post-thaw semen quality, as post-thaw F semen quality was not significant 

difference (P>0.05) between either extender. The harmful of adding glutamine in 

extenders may be due to high osmolarity in extender causing adverse effect on semen 

quality. 

 

T semen quality after a 3h equilibration in glycerol-containing extenders was 

significant difference (P<0.05) between INRA and Lactose-EDTA extenders with 

regard to the number of total motile sperm; No difference (P>0.05) was seen in F 

semen quality parameters, indicating a higher sensitivity of T stallion sperm to 

extender composition and/or osmolarity (see Materials and Methods; Table 1) 

(Phetudomsinsuk et al., 2008a). The morphology of T sperm heads was larger and 

rounder than F sperm heads (Phetudomsinsuk et al., 2008b), suggesting a possible 

reason for differences in sensitivity to extenders. 

 

In general, the average percentage of post-thaw motile sperm in the INRA 

extender  was considerably lower in both T (15.9%) and F (15.6%) sperm compared 

to previously observed results (34.7%, Trimeche et al., 1999 and 38.3%, Khlifaoui et 

al., 2005, respectively). This difference could be due to the glycerol concentrations 

(3.5%, 2.5% and 2.5%) and freezing methods (liquid nitrogen vapours versus 

programmable freezing machines) utilized between the various experiments. 
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However, post-thaw motility in comparative studies between 2.5% VS 3.4% glycerol 

(28.3% and 26.0%; Ecot et al., 2000) and concentration of glycerol ranged from 1.7% 

to 3.7% (46-49%; Vidament et al., 2001) resulting in no significant difference. Thus, 

the lower percentage observed in our study may not necessarily be due to the glycerol 

concentration used. Clulow and colleagues (2008) recently demonstrated good sperm 

freezability in selected stallions, with a significantly higher (P<0.05) post-thaw 

progressive motility after freezing in a programmable freezer. The programmable 

freezer also provided more consistent and reliable freezing rates than the use of liquid 

nitrogen vapours. Therefore, freezing methods may affect recovery of total and 

progressive sperm motility after thawing. Under the same conditions, the average 

percentage of post-thaw sperm motility in the Lactose-EDTA with 4% glycerol 

extender was lower for both T (22.5%) and F (17.7%) sperm compared to the 

previously observed at 38-41% motility(Cochran et al., 1984; Cristanelli et al., 1984).  

 

In this study found that supplementing glutamine into the INRA and Lactose-

EDTA extenders did not produce any beneficial effects on post-thaw semen 

parameters of both T and F sperm. In previous studies, beneficial effects of glutamine 

on post-thaw motility were observed when INRA with 2.5% glycerol was used as a 

freezing extender (Trimeche et al., 1999; Khlifaoui et al., 2005). The beneficial effect 

of 50 mM glutamine appeared to be limited in 2.5% glycerol (Khlifaoui et al., 2005). 

Additionally, this beneficial effect on sperm freezability was demonstrated only for 

average (30-35% post-thaw motility) to good sperm (>35% post-thaw motility), but 

not in sperm with poor post-thaw motility (<30%) (Khlifaoui et al., 2005). The 

different glycerol concentration used in this study in addition to poor sperm 

freezability may explain why no beneficial effects were observed.  

 

Comparison of different freezing extenders showed that post-thaw motility 

was higher in the INRA than in the Lactose-EDTA extender, even though both 

contained 4% egg yolk and 4% glycerol (Heitland et al., 1996). However, the 

Lactose-EDTA extender yielded better motility than INRA-82 for epididymal sperm 

freezing, and both extenders were contained 5% glycerol (Papa et al., 2008). 

Numerous factors can affect the outcome of post-thaw sperm motility including 

individual sample variations in freezability, stallion breeds (Boyle, 1999), types of 
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cryoprotectant (i.e. dimethyl-formamide/glycerol; Alvarenga et al., 2005) and freezing 

protocols utilized (liquid nitrogen vapours/programmable freezing machine, Clulow et 

al., 2008; conventional/directional freezing, Saragusty et al., 2007a). Thus, the most 

effective freezing extender for stallion semen remains inconclusive. However, in this 

study found that the Lactose-EDTA extender yielded higher percentages of total and 

progressive sperm motility (P<0.05) than did INRA extenders for T sperm. These 

differences were not observed in F sperm, possibly due to differences in the head size 

and shape of T and F sperm.  

 

Post-thaw percentages of HOS-positive sperm with intact acrosomes were not 

significantly different among extenders in both T and F semen samples (P>0.05). As 

reported by Papa et al. (2008), no difference in the number of sperm with intact 

plasma membranes between INRA (47.9%) and Lactose-EDTA (49.3%) extenders 

was observed. The percentages of live sperm with intact acrosomes ranged from 37.1-

40.9% in T sperm and 29.0-33.2% in F sperm, comparable to previous studies (37-

42% using skim milk–egg yolk with 3% glycerol, Wilhelm et al., 1996; 34.5% using 

INRA82 with 5% glycerol, Landim-Alvarenga et al., 2005; and 40% using either skim 

milk–egg yolk or lactose-EDTA with 4% glycerol, Kirk et al., 2005).  

 

Post-thaw percentages of HOS-positive sperm were 18.6-20.3% for T samples 

and 13.2-21.3% for F samples. Both were lower than previously-reported values 

(30.2% using Lactose-EDTA with 4% glycerol: Neild et al., 1999; 26%, Saragusty et 

al., 2007). The low recovery rate of post-thaw motility in this study may be respond 

for these inferior results, since there was significant correlation between HOS and 

progressive motility (0.57, Neild et al., 1999; 0.77, Saragusty et al., 2007a).  

 

The less adverse effect of cryopreservation on sperm plasma membrane 

integrity (live sperm with intact acrosomes) than motility and membrane function 

(HOS test positive) was observed in this study. Sperm motility was also more affected 

by semen handling factors (Neild et al., 1999) and osmotic stress (Ball and Vo, 2001) 

than from issues of plasma membrane integrity. 
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Characteristics of motile sperm such as VAP and VCL in T sperm as well as 

VCL in F sperm displayed significant differences between the various extenders 

before freezing, and VAP and VCL in F after thawing (Table 11). The Lactose-

EDTA-G extender had the highest osmolarity and lowest motion velocity values. 

Thus, osmolarity of the extender could affect not only the percentage of sperm 

motility (Ball and Vo, 2001), but also on its motion characteristics. Nonetheless, all 

parameters displayed significant decreases after a freeze-thaw cycle, similar to 

previous reports (Blach et al., 1989; Wilhelm et al., 1996).  

 

The freezability (>30% post-thaw motility) results listed in Table 12 indicated 

that only two of five T stallion sperm samples could be used for semen 

cryopreservation. One T stallion preferred both INRA and Lactose-EDTA extender 

(3/5 and 2/5 ejaculates passed), and one T stallion preferred Lactose-EDTA extender 

(2/5 ejaculates passed). For F stallions, only one out of 4 stallions preferred Lactose-

EDTA extender (2/5 ejaculates passed). However, the use of other freezing protocols 

and cryoprotectants may improve post-thaw semen quality and should be further 

investigated. 
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CONCLUSION 

 

The results presented here indicated that the semen quality of T is better than F 

stallions in term of sperm motility. Variations in percentages of normal and abnormal 

morphological characteristics of sperm in individual Thai native crossbred stallions 

were similar to those of purebred stallions. Furthermore, the morphometric 

characteristics of normal sperm heads were also variable between stallions. Sperm 

heads of T were larger and rounder than those of purebred stallions. Perimeter, shape 

factor 1 and shape factor 3 of sperm could be used as parameters for the identification 

of individual T stallions.  

 

For cooled storage of semen, INRA extender tended to provide better sperm 

motility and membrane integrity of stored semen than Kenney extender in both T and 

F semen. Overall, cooled storing of semen maintained sperm characteristics for less 

than 48 h. Furthermore, supplementing cooled storage extenders with 50 mM of 

glutamine had adverse effects on sperm motility and membrane integrity, which may 

be due to increase in the osmolarity of extenders. 

 

Cryopreservation of semen using Lactose-EDTA with 4% glycerol gives a 

higher probability of good post-thaw sperm motility than did other extenders. 

Supplementing glutamine to extenders did not produce any beneficial effects on 

freezability of stallion sperm. However, better extenders and an appropriate freezing 

protocol for stallion semen should be further studies. 
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Appendix A  

General characteristics of Thai native crossbred horses 
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General characteristics of Thai native crossbred horses 

 

Thai native crossbred characteristic were mostly like pony, however some 

characteristics were different. Thai native crossbred horse’s height is below 14.2 

hands, with big head, thick body and short legs. It is very strong and resisting. Body 

sizes of Thai native crossbred horsewere determined in Appendix Figure1 and 

presented in Appendix Table1. 

 

Appendix Figure 1  The criteria of body measurement of Thai native crossbred horse 

       CG = Chest Girth 

       UG = Umbilical Girth 

        L1 = Length from tuber ischium to point of shoulder 

        L2 = Length from tuber ischium to olecranon 

       WH = Height at withers 

Source:  http://ojas.ucok.edu/01/papers/hapgood01.htm 
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Appendix Table 1  Mean ± SD of bodyweight  (kg), Hieght and Chest Girth, 

Umbilical Girth, Length from tuber ischium to point of shoulder, 

and Length from tuber ischium to olecranon (cm) of Thai native 

crossbred horse (n= 37) 

 
Parameter Mean ± SD 

 

BW  (kg) 
 

209.54±40.88 
WH (cm) 118.03±8.12 
L1   (cm) 114.77±8.88 
L2   (cm) 93.19±7.96 

CG (cm) 133.81±8.57 

UG (cm) 142.57±11.50 
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Appendix B 

Seminal plasma proteins of Thai native crossbred and purebred stallion semen 
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Seminal plasma proteins of Thai native crossbred and purebred horses  

Equine seminal plasma is a complex mixture of secretions from the testes, 

duct system and accessory sex glands. This is the natural medium involved in final 

maturation of spermatozoa and events preceding fertilization through hormonal, 

enzymatic and surface-modifying events (Jobim et al., 2005). The panel of proteins 

identified in seminal plasma are various hormones, enzymes, inhibitors of proteinases 

and other components, growth factors, proteins and glycoproteins which are still 

unknown nature or function. A possible correlation between seminal plasma proteins 

and fertility in stallions based on molecular weights and isoelectric points, suggested 

that the proteins may be related to those found in experiments with bovine semen, 

which proved to have stimulatory or inhibitory effects on fertility (Brandon et al., 

1999). This preliminary study aimed to investigate the profiles of seminal plasma 

proteins of Thai Native Crossbred and Purebred stallions. 

 

Materials and methods 

 

1. Animals 

 

Seminal plasma was collected from nine stallions consisting of Thai native 

crossbred horses (T; n = 5) and full size purebred horses (F; n = 4; 1 Holstein, 1 

Standardbred and 2 Thoroughbreds) aging between 5 and 12 years old. A total of six 

ejaculates were collected from each stallion.   

 

2. Protein assay 

Seminal plasma was obtained by two steps of centrifugation at 3000 g for 15 

min, changing tubes between them. The resulting supernatant was transferred to 

cryovials and stored in -20°C freezer until analysis. Total protein concentration was 

measured using the Bradford assay kit (Bradford, 1976), with bovine serum albumin 

as a standard and measured the absorbance by using spectrophotometer (Beckman 

coulter, DU® 530, life Science UV/Vis) at 595 nm. One-dimensional SDS-PAGE was 
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performed under denaturing condition using 10% polyacrylamide gels containing 

SDS at 100 volts, 15 mA, for 2 h.  

 

3. Results 
 
A standard BSA curve of absorbance versus micrograms protein of five 

dilution: 5, 25, 50, 75, 100 µg/µl was shown in Appendix figure 2.  There were 

variation in total seminal plasma proteins concentration among stallions in both T and 

F (Appendix table 2). The mean concentration in seminal plasma of Thai native 

crossbred (T) and purebred (F) stallions were  66.23±5.62 and 72.69±7.64 mg/ml, in 

T and F respectively which were not significantly different (P>0.05).  Protein profiles 

for T and F seminal plasma were shown in Appendix figure 3. In both T and F, total 

of twelve bands of proteins from 14.4 to 116 kDa were identified, of which four bands 

were presented in all stallions (band 2-16 kDa; band 3-18 kDa, band 5-22 kDa and 

band11-60 kDa). The protein compositions and amounts of each protein of seminal 

plasma were also varied among stallions. 

 

y = 0.0067x - 0.0194
R2 = 0.9924

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 20 40 60 80 100 120

amount substance (mg/ml)

Ab
so

rb
an

ce
 a

t 5
95

 n
m

 

 

Appendix Figure 2  The standard curve of bovine serum albumin protein (Bradford 

assay, 595 nm)  
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Appendix Table 2  The total protein concentration in seminal plasma of Thai native 

crossbred (T) and purebred (F) stallions 

 

Stallions Seminal plasma protein concentrations (mg/ml) 

(mean±SE) 

 

T1 

 

76.19±2.81 a,b

T2 71.33±4.2 a,b,c

T3 57.84±2.13a,c  

T4 96.99±1.44 b

T5 38.34 ±1.60 c

Total T 66.23±5.62 

 

F1 

 

61.81±9.33 a,b

F2 49.908±1.30b  

F3 99.99±2.39 a

F4 79.08±2.62 a,b

Total F 72.69±7.64 

 

Within the same group of stallion, significant differences (P<0.05) between seminal 

plasma proteins were indicated with lower-case letters (a, b, c). 
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Appendix Figure 3  Seminal plasma protein profiles of Thai native crossbred (T1 – 

T5) and purebred  (F1 – F4) stallions seminal plasma in 10% 

sodium dodecyl sulfate polyacrylamide gel electrophoresis 

(SDS-PAGE). A total of 12 different bands (no. 1 – 12) were 

detected and 4 of these bands (no. 2, 3, 5 and 11) were presented 

in all of the samples.  

 

Conclusion 

The preliminary results indicated that the mean concentration of T and F total 

seminal plasma protein were similar. Also, in both T and F, twelve bands of seminal 

plasma protein profiles were detected and four of these bands were presented in all of 

the samples. The seminal plasma protein concentration and profile were varied among 

stallions in both breeds. Its relation with semen quality needs further investigation. 

http://en.wikipedia.org/wiki/Sodium_dodecyl_sulfate
http://en.wikipedia.org/wiki/Polyacrylamide_gel
http://en.wikipedia.org/wiki/Electrophoresis
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Appendix C  

A first pregnancy of Thai native crossbred horse resulted from artificial insemination 

with frozen semen in Thailand 
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A first pregnancy of Thai native crossbred horse resulted from artificial 

insemination with frozen semen in Thailand 

 

This preliminary study was carried out to determine the feasibility of stallion 

frozen semen usage for artificial insemination (AI). The result obtained could be 

useful for the development of alternative reproductive management of horses in the 

country.  

 

Materials and methods 

 

1. Animals 

 

Semen was collected from a Thai native crossbred stallion, aged 7 years old. 

The stallion was sexually rested for 1 week. A mare approximately 7 years old 

(judging the age by examining its teeth) was previously foaling in February 2007 and 

she had regular every 21 days of estrous cycle. 

 

2. Semen collection and cryopreservation 

 

Semen was collected using a Missouri type artificial vagina while the stallion 

was mounting a teaser mare in oestrus in July 2007. Immediately after dismount the 

ejaculate was initially evaluated for total volume, gel-free volume, concentration, and 

motility. The original motility of sample needed to be least 50% to be considered 

acceptable for freezing in this project. Total number of spermatozoa was measured 

using a Neubauer counting chamber. After evaluation, semen was diluted at a ratio of 

1:3 (semen: extender) in a Kenney extender (Kenney et al., 1975) and subjected to 

centrifuge at room temperature (30ºC) at 400 x g for 10 min in 15 ml capacity 

centrifuge tube to remove seminal plasma. Spermatozoa pellets were resuspended in 

Kenney freezing extenders with 3.5% glycerol to final concentration of approximately 

200 x 106 sperm / ml and then placed in a passive cooling device (EquitainerTM) (5°C) 

for equilibration during transport to laboratory room for further processing.  Semen 

sample was equilibrated at 5 °C for 2 h, and then loaded into 0.5 ml polyvinylchloride 

straws. Before freezing (BF), sample was evaluated motility, motion velocity, 
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viability and membrane integrity. Prior to freezing, straws were sat in nitrogen vapor 

3 cm above liquid nitrogen for 10 min, and then submerged in liquid nitrogen, finally 

stored in liquid nitrogen (-196°C).  

 

3. Semen analysis  

 

Frozen semen was thawed at 37°C water bath for 30 sec immediately prior to 

processing for analysis.  

 

Experimental endpoints included total sperm motility (TMOT; %), progressive 

motility (PMOT; %), and curvilinear velocity (VCL; µm/s), linear velocity (VSL, 

µm/s), and average path velocity (VAP, µm/s), as measured by computer assisted 

spermatozoal analysis (CASA; HTM–IVOS 12; Hamilton Thorne Research, Beverly, 

MA), by selecting five fields per sample. System parameters for CASA were 30 

frames acquired at 60 frames per second; minimum contrast, 70; minimum cell size, 5 

pixels; VAP cut-off, 10µm/s; and cut-off for progressive cells, 15 µm/s; VSL cut-off, 

0 µm/s and straightness, 60%. The slow cells were considered static. A 3-µl drop of 

each sample was placed on a preheated (37ºC) 2X cell chamber (20 mm depth) 

 

The functional plasma membrane integrity of frozen-thawed semen was 

performed with the hypoosmotic swelling test (HOS test; Neild et al., 1999). At least 

200 spermatozoa were observed at magnification 400× and classified by the presence 

or absence of a swollen tail (curled/coiled principal or end piece), while live sperm 

was determined using the eosin-nigrosin staining tests (William, 2003). 

 

4. Artificial insemination (AI) 

 

4.1 Estrus detection  

 

Mare was observed daily for visual signs of standing estrus. The ovaries 

were scanned by ultrasonography twice daily for at least 35 mm diameter of a 

preovulatory follicle detection.  
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4.2 Artificial Insemination technique 

 

According to previously cycle record, ovulation was occurred from follicle 

with around 40 mm diameter. Thus, AI was performed once when the follicle was 

approximately 40 mm diameter and the uterus with slightly edematous endometrial 

gland was observed. The mare was secured in breeding stocks, the tail was wrapped 

and deflected to one side. One 0.5 ml straw of semen containing approximately 100 x 

106 spermatozoa was thawed at 37 °C for 30 seconds, and then diluted into 30 ml of 

Kenney extender. Semen was inseminated using a sterile rigid insemination tube 

toward the uterine horn, in which ovulation was presumed to occur. Pregnancy 

diagnosis was performed at 18, 25 and 35 days after ovulation using ultrasonography.  

 

Result 

 

The color of collected semen was milky white. Gel free-volume, total motility 

(TMOT), progressive motility (PMOT), viability and concentration of fresh semen 

were 35 ml, 90%, 80%, 94% and 135 x106 sperm/ml respectively. The TMOT, 

PMOT, lived sperm and HOST positive membrane integrity of sperm before freezing 

(BF) and post-thawed (PT) were shown in Appendix Table 3. 

 

A dominant follicle was observed in the right ovary.  Mare was inseminated 

once and ovulation was occurred within 6 hours after AI. A single embryo sac with 

embryo was detected in one uterine horn at 18th, 25th and 35th day after ovulation 

(Appendix figure 4). 
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Appendix Table 3  Motility, motility pattern, lived and HOS test positive sperm 

before freezing (BF) and post-thawed (PT) stallion semen  

 

Parameter BF PT 

 

TMOT (%) 90 48 

PMOT (%) 85 32 

VAP (µm/s) 129.1 88.6 

VSL(µm/s) 81.5 72.9 

VCL(µm/s) 240.6 164.0 

ALH 9.4 7.2 

BCF (Hz) 38.7 41.5 

STR (%) 60 76 

LIN (%) 33 41 

Area (µm2) 5.5 5.4 

Rapid cell (%) 86 40 

Static cell (%) 1 51 

Lived sperm (%) 94 47 

HOST positive sperm (%) 78 40 
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             a     b 

 

 

    c 

 

Appendix Figure 4  Thai native crossbred embryo after insemination with frozen 

semen a) at 18 days; b) at 25 days; and c) at 35 days old and 

non-gravid uterine horn  
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Conclusion 

 

In conclusion, the results of the present study demonstrated that Thai native crossbred 

stallion sperm could be frozen in Kenney extender with 3.5% glycerol. And resulted 

in pregnancy after inseminated with low insemination sperm number as 200 x106 

sperm/ml in 0.5 ml straw at uterine horn with rigid tube in appropriate time. The 

pregnant mare is anticipated to parturient a foal around June, 2009.  This will be the 

first report of a success using frozen semen for artificial insemination in a mare in 

Thailand.  
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