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Ensuring that captive Asian elephant (Elephas maximus) populations such as those 
in zoos, circuses, tourist camps or timber logging camps (Riddle and Stremme, 2011) are 
self-sustaining is a crucial element in minimizing the illegal capture of wild elephants 
(Sukumar, 2006). Unfortunately the captive population is decreasing and, just like the wild 
population (Dublin et al., 2006), is threatened with extinction (Thitaram et al., 2008). A major 
factor in the population decline is a low birth rate within the captive population (Thitaram, 
2012);  important contributors to this disappointing birth rate include (1) the relatively small 
number of bulls made available for breeding, (2) poor semen quality and fertility among the 
bulls that are available, (3) a high risk of females developing reproductive tract pathology if 
they do not produce calves fairly regularly starting within a few years after reaching puberty 
(Hildebrandt et al., 2006).  

Artificial insemination (AI) using fresh, chilled or frozen semen has been developed 
as a tool for assisting elephant breeding and genetic management in captivity (Schmitt et al., 
2001; Thongtip et al., 2009). Transporting preserved semen for AI helps reduce the risks of 
injury and/or disease transmission inherent to male-female contact during mating 
(Hildebrandt et al., 2006), and is considerably easier and more welfare-friendly than 
transporting live elephants between camps or zoos for natural breeding (Thongtip et al., 
2009). Manual semen collection, a relatively non-invasive technique, has been widely and 
successfully used in the elephant (Schmitt and Hildebrandt, 1998; Saragusty et al., 2009; Kiso 
et al., 2011). Indeed, many attempts at preserving Asian elephant semen have been reported 
during the last decade; on the other hand, the success of elephant semen preservation is still 
unacceptably low in terms of both semen quality and fertility (Thongtip et al., 2004; 
Saragusty et al., 2005; Saragusty et al., 2009; Kiso et al., 2012). Research into improved 
methods for semen preservation must therefore be continued and should, in particular, focus 
on robust techniques that can be used to preserve semen from a greater range of individual 
bulls. This is important in terms of maintaining genetic diversity within a shrinking gene 
pool. Currently, a high proportion of ejaculates collected from captive Asian elephants have 
extremely low percentages of motile sperm, although the reason(s) for the apparently poor 
semen quality is not yet clear (Thongtip et al., 2008b). Certainly, the quality of frozen-thawed 
semen needs to be improved if it is to be of use for conventional AI. An added complication 
is that the pregnancy rate following AI is low, even when semen of apparently adequate or 
good post-thaw quality is used (Thongtip et al., 2009), emphasizing that  routine semen 
quality parameters such as sperm concentration, and percentages of motile and 
morphologically normal sperm are insufficiently predictive of the fertilizing capacity of 
stored elephant semen. Parameters that more closely relate to fertilizing ability and/or 
establishment and maintenance of pregnancy need to be developed and validated to help in 
the selection of bulls/ejaculates for use in captive breeding programmes. 

In this chapter, the current status of the captive Asian elephant population and the 
limitations of breeding management in this species are outlined. Moreover, the techniques of 
semen collection, semen analysis and sperm preservation are described. Finally, the urgent 
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need to determine why such a high proportion of captive Asian elephant bulls exhibit 
apparently very poor semen quality, and whether this can be remedied, will be discussed.    

Status of the Asian elephant population 

Wild populations 

The Asian elephant is discontinuously dispersed across a number of traditional 
range states, the most important of which are Bangladesh, Bhutan, Cambodia, China, India, 
Indonesia, Laos, Malaysia, Myanmar, Nepal, Sri Lanka, Thailand and Vietnam. Recent 
phylogenetic studies of the Asian elephant have resulted in the species being divided into 
three subspecies; Elephas maximus indicus from the mainland of the Asian continent, 
Elephas maximus maximus from Sri Lanka and Elephas maximus sumatranus from the island 
of Sumatra, Indonesia (Sukumar, 2006). The number of Asian elephants in the wild has 
declined over the last two decades by an estimated 30,000 – 50,000 animals (Dublin et al., 
2006), and the wild population is still at considerable risk of further decline. The rapid 
economic development and consequent expansion of the human population in the range 
countries has had major impacts on availability and continuity of habitat for elephants (i.e. 
habitat loss and fragmentation), leading to genetic isolation of small populations and 
increased risks of human-elephant conflict (Sukumar, 2006). In addition, poaching for 
elephant tusks has not only reduced the size of the population but also changed the sex ratio, 
because poaching largely concentrates on large bulls; over time, this may lead to an increased 
risk of inbreeding within the small, and effectively isolated, wild populations. Elephant meat, 
hide and other products are also valuable commodities that make elephants a desirable target 
for poachers (Menon, 2002). 

Captive populations 

Asian elephants have been closely connected to mankind for thousands of years, 
beginning as beasts of burden and means of transport during ancient wars (Sukumar, 2003). 
Presently ,the number of elephants in captivity throughout the world is estimated at between 
12,000  and 15,000 animals, based on data from regional studbooks and on government 
estimates presented in a report at the Asian Elephant Range States Meeting 2006 (AsERSM: 
Dublin et al., 2006). Instead of being used as engines of war, nowadays the captive elephants 
are used primarily for ‘entertainment’ in zoos, circuses, and tourist camps although, in the 
natural range countries, many are still put to work in timber logging camps  (Riddle and 
Stremme, 2011). Female elephants are also over-represented in many captive populations, 
primarily because of the difficulty of managing elephant bulls, especially during their “musth 
periods”; as a result, many zoos or camps will only hold a very small number of bulls or even 
none at all. Even in the camps that have a plentiful supply of bulls, often only one or a select 
few are allowed to become sires. In addition, pregnant elephant cows are considered 
undesirable in the timber logging camps because pregnancy will usually result in the cow 
being unusable for work for the 4 years covering late gestation and the initial lactation and 
calf rearing period. By contrast, in western zoos establishing pregnancy in elephant cows is 
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encouraged (Thitaram, 2012) because otherwise the cows face an elevated risk of 
reproductive pathologies such as dystocia and stillbirth, and also of uterine tumours and / or 
ovarian inactivity if they do not become pregnant at a younger mean age (10 – 15 yr) than 
animals in the wild, or in the camps in the range countries. This phenomenon, known as 
‘asymmetric reproductive aging’, has also been found in other long-living species in captivity 
that have few breeding opportunities (Hildebrandt et al., 2006). The continuous ovarian 
cyclicity of non-reproducing cows means that their reproductive organs will be exposed to 
repeated waves of different sexual steroids, and this has been proposed to have a negative 
effect on reproductive health and to increase the likelihood of a nulliparous cow developing 
genital pathologies as she ages (Hermes et al., 2004). 

As a result of these various challenges, it has become increasingly clear that the 
captive population is threatened with decline (Thitaram, 2012). The decreasing populations, 
in both the wild and captivity, and rising proportion of animals that are either not permitted, 
or no longer able, to reproduce in captivity has led to the Asian elephant being listed in 
Appendix I of the Convention on International Trade in Endangered Species of wild fauna 
and flora (CITES) since 1972, and being included in the endangered group of the Red List of 
Threatened species by the International Union of Conservation of Nature (IUCN) since 1986.  

Breeding management in captivity 

Recently, attempts to develop self-sustaining captive populations have been made, 
not only to maintain the captive stocks, but also as a way to discourage illegal capture from 
the wild population to replenish dwindling numbers of captive animals (Sukumar, 2006). The 
self-sustainability of a captive population is dependent on the use of appropriate methods for 
breeding management. In the past, birth rates among captive elephants in southern India were 
low because cows and bulls were not permitted to associate during periods of heavy work at 
logging camps. Nowadays, both elephant cows and bulls of various ages are allowed to forage 
together in the forest at night, partly because the need for elephants in the logging industry, 
and the physical demands on the individual elephants, have reduced (Sukumar et al., 1997). 
Moreover, increased frequency and duration of social contact between cows and bulls, 
without human intervention, during grazing and elephant bathing times is thought to explain 
the increased birth rates in the Pinnawala elephant orphanage, Sri Lanka (Taylor and Poole, 
1998; Rajapaksa, 2007). In Laos (Lao People’s Democratic Republic) the non-governmental 
organization, ElefantAsia, introduced the “Baby bonus” project to help persuade mahouts or 
owners to allow their elephant cows to become pregnant. The mahouts who participated in 
this project would receive a salary for 4 years, covering the pregnancy and lactation periods 
of their cows, and would not therefore need to worry about the loss of income in the period 
that the cow was not available for work. In addition, the pregnant cows and neonates would 
be monitored and, if necessary, treated by a dedicated team of veterinarians during the late 
gestation and post-partum periods (Duffillot et al., 2010). 

  An essential component of responsible management of a captive population is good 
genetic registration within a studbook system (Riddle and Stremme, 2011). Recently in 
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Thailand, a studbook including details of microchip number, sex, age, distinctive 
characteristics, health status and pedigree information has been created for captive elephants. 
Although the initial objective of the studbook is to curb the illegal trade in captive, and the 
unlawful capture of wild, elephants the studbook system will also be used for planning 
matings and to help minimize increases in inbreeding coefficient (Thitaram, 2012). In 
addition, hormone profiles and ultrasonography of the reproductive system are being used 
increasingly to help in elephant breeding management, both by detecting and documenting 
any reproductive pathologies and by helping to predict ovulation times in cows (Hildebrandt 
et al., 2006). By monitoring estrous cycles and predicting ovulation times, the mating 
schedule can be precisely arranged and the duration of bull-cow contact required to allow 
natural mating can be shortened to only 1-2 weeks (Olson, 2004). In addition, because of the 
limited number of bulls and the desire for reduced contact with bulls, assisted reproductive 
techniques (ART) like artificial insemination (AI) have been increasingly applied in western 
zoos. Transporting semen, instead of live elephants, is cheaper, easier and reduces both cow-
bull contact and human-bull contact (Thitaram, 2012) and the associated risks of injury or 
disease transmission, and can be used to help maintain or increase genetic diversity by 
exchange of genetic material between zoos or camps (Hildebrandt et al., 2006). Since AI is 
less invasive or complicated than other ART techniques, it is suitable for assisted 
reproduction in a wide range of species (Durrant, 2009). In Thailand, inbreeding among 
elephants in captivity has to be monitored carefully because, often, only one sire is used for 
breeding within a particular camp, and arranging matings between camps or zoos is difficult 
because the camps or zoos are isolated from each other. Therefore, AI programmes have also 
been initiated to reduce the risks of inbreeding and to increase pregnancy rates among captive 
elephants in Thailand (Thongtip et al., 2009).   

Semen collection and semen analysis 

Semen collection 

The first step in any AI programme is being able to reliably collect good quality 
semen from the male animal. Techniques used for semen collection can be divided into those 
that can be performed in the standing conscious animal (e.g. per rectum massage of the 
ampullae, and collection using an artificial vagina (AV)) and more invasive methods that 
require general anaesthesia or appropriate analgesia (e.g. electro-ejaculation). Even then, 
most of the non-invasive techniques involve considerable animal training before semen 
collection can be achieved reliably and with minimal distress. AVs are commonly used to 
collect semen in domestic animal breeding programmes because the resulting ejaculate is 
thought to quite closely resemble that produced during natural mating, in terms of 
composition and sperm quality (Durrant, 2009). However, the use of AV collection 
techniques in elephants is not very popular, partly because the mechanics differ significantly 
from the natural mating process. In other domestic species, semen collection by AV generally 
involves a well-trained male mounting a dummy (phantom) female or an estrous female, 
similar to during natural breeding, except that the penis is then redirected into the AV and/or 
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an AV is built into the dummy female (Brinsko et al., 2011). When AVs are used for 
elephants, the animal remains with all 4 feet on the ground and the end of the erect penis is 
diverted into the AV; this is because restraining a bull elephant during mounting of an estrous 
female or dummy while simultaneously ensuring the safety of the person holding the AV is 
not easy. Given this limitation, it is not really possible to collect complete or ‘normal’ 
ejaculates from elephants (Schmitt, 2006). 

Transrectal massage (see Figure 1) was first introduced as a method for recovering 
semen from elephants in 1983 (Heath et al., 1983), and is a relatively non-invasive method 
of semen collection. After removing the faeces and washing out the rectum with a hose, 
manual per rectum massage over the urethra and ampullae is performed; in a receptive bull, 
this will stimulate penile protrusion and erection and, when continued, will result in sperm 
emission and discharge (Schmitt and Hildebrandt, 1998), although it is questionable whether 
it can truly be described as ‘ejaculation’. Because concentrated semen samples can be 
collected using the massage technique even in only minimally trained elephant bulls (Schmitt 
and Hildebrandt, 1998), it has become the accepted standard technique and is widely used at 
the present time in both African and Asian elephants (Saragusty et al., 2009; Kiso et al., 2011; 
Kiso et al., 2012). However, using the rectal massage technique there is considerable 
variation in semen motility scores, from immotile to excellent motility, not only between 
bulls but also between ejaculates from an individual (Schmitt, 2006). 

Electro-ejaculation has proven to be an effective tool for collecting semen from 
several wildlife species, especially those intractable species in which it is either not realistic 
or safe to imagine training to the point where semen could be collected by manual stimulation 
or artificial vagina. During electro-ejaculation, a combination of physical and chemical 
restraint is used to control the animal (Durrant, 2009). Electro-ejaculation has been described 
as a means of collecting semen from recumbent elephants under general anaesthesia 
(Schmidt, 1982; Howard et al., 1984; Mar et al., 1992; Hildebrandt et al., 2012). Electrical 
stimulation was applied to the internal accessory sex glands using a probe introduced via the 
rectum (Howard et al., 1984). However, because general anesthesia and recumbency in 
elephants presents a risk of several potentially serious complications including respiratory 
compromise, tachycardia and hypertension, electro-ejaculation is generally restricted to wild 
or untameable animals (Portas et al., 2007). Moreover, elephant semen recovered using 
electro-ejaculation is often contaminated with gelatinous materials from the accessory glands 
(Schmitt and Hildebrandt, 1998). To avoid the risks of general anesthesia and recumbency, 
standing sedation has been described as a means to enable the transrectal massage technique 
to be used for collecting semen from elephant bulls that are not considered entirely 
trustworthy. This not only eases animal handling, but when xylazine is used as a sedative 
agent its alpha-adrenergic effects appear to reduce the stimulation threshold required to 
trigger semen emission / ejaculation. However, the use of alpha-2 agonists to facilitate semen 
collection by per rectum massage is not recommended as a routine procedure because of the 
potential risk of adverse effects from the sedatives (Portas et al., 2007). 



General introduction 

7 | P a g e  

 

Figure 1 Semen collection from an Asian elephant bull using the per rectum manual stimulation 
technique, at the National Elephant Institute, Thailand. After removing the faeces, the bull’s ampullae 
were massaged manually via the rectal wall. 

Semen analysis 

i. Conventional semen assessment 

With the development of methods for reliably collecting elephant semen, increasing 
attention was devoted to evaluation of semen quantity and quality and establishment of 
normal values for the various parameters (Durrant, 2009). Semen analysis is an important 
diagnostic keystone for male (sub-)fertility evaluation, and a crucial tool for selecting 
appropriate sires or ejaculates for semen preservation and AI. As a general rule, the quantity 
and quality of spermatozoa can give valuable information about testicular function, sperm 
production capacity and the competence of the accessory sex glands to contribute suitable 
seminal fluid (De Jonge, 2012). The conventional parameters used to assess semen quality 
are semen volume, sperm concentration, and the percentages of morphologically normal and 
motile sperm (Petrunkina and Harrison, 2011). 

Physical appearance: Immediately after collection, an initial assessment is made of 
the gross appearance of the semen in terms of colour, consistency and possible contamination 
with foreign materials such as blood, urine or dirt and debris from the penis or prepuce 
(Brinsko et al., 2011). Normal elephant semen has a milky-white or creamy appearance, 
whereas a more yellow appearance usually suggests contamination with urine (Howard et al., 
1984). Contamination with blood (red or brown discolouration) or pus can arise from 
infections anywhere within the male reproductive tract (Moce and Graham, 2008).  
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Sperm concentration measurement: Sperm concentration and the total number of 
spermatozoa in an ejaculate give a rough indication of sperm production capacity and 
therefore have an association with fertility; one exception to this general rule is in cases of 
‘sperm accumulation’ when old, degenerating sperm accumulate in the ampullae, vas 
deferens and/or cauda epididymides. While an affected animal may deliver very many sperm 
cells in an ejaculate, the quality and fertilizing capacity of those sperm will generally be poor 
(Barth, 2007). In general, however, increasing numbers of spermatozoa per ejaculation or 
insemination dose increase the fertility rate until it reaches a plateau or maximum, although 
both the maximum achievable fertility rate and the number of sperm required to reach this 
value differ greatly between individuals (Moce and Graham, 2008); conversely a low number 
of spermatozoa in an inseminate can be the underlying cause of failure to achieve fertilization 
(Petrunkina and Harrison, 2011). On the other hand, the sperm population in an ejaculate 
presents considerable heterogeneity in characteristics, such that simply estimating the 
number of spermatozoa is not a reliable way of predicting fertility (Moce and Graham, 2008). 
The number of sperm in an elephant ejaculate is calculated as the product of semen volume 
and sperm concentration, where the Neubauer haemocytometer (Franken and Oehninger, 
2012) has long been the recommended tool for measuring sperm concentration in elephant 
semen (Howard et al., 1986; Kitiyanant et al., 2000; Saragusty et al., 2009; Thongtip et al., 
2009; Hildebrandt et al., 2012). Alternative methods described for estimating sperm 
concentration in elephants, and widely used in domestic animal semen laboratories, include 
spectrophotometers (Kiso et al., 2011; Kiso et al., 2012).  

Recently, flow cytometry and the ‘NucleoCounter’ have been described as more 
accurate apparatus for assessing sperm concentration while simultaneously detecting the 
percentage of sperm that are viable (membrane intact) (Anzar et al., 2009). For flow 
cytometric assessment, spermatozoa have to be stained with a fluorescence probe, and 
fluorospheres at a fixed concentration are mixed in to the sperm suspension before counting. 
The number of stained spermatozoa and fluorospheres in the suspension are counted 
separately as they pass individually through a light beam or laser in the flow cytometer. Flow 
cytometry can distinguish spermatozoa and fluorospheres in suspension by dint of their 
different sizes and fluorescence signal range. A calculation of sperm concentration is based 
on fluorosphere concentration (x 106/ml; FC), number of fluorospheres (NF) and 
spermatozoa (NS) using the following formula; Sperm concentration (x 106/ml) = (NS/NF) 
x FC x dilution factor of suspension (Eustache et al., 2001). When measuring sperm 
concentration using the NucleoCounter (NucleoCounter SP-100, ChemoMetec, Allerød, 
Denmark), the plasma membrane of spermatozoa has to be permeabilized using a reagent 
supplied with the machine; this allows propidium iodide (PI) coated on the cassette to 
penetrate into the spermatozoa and stain the DNA. The NucleoCounter determines the total 
number of spermatozoa or the sperm concentration in a sample within 30 sec after loading a 
cassette coated with reagent-treated sample. While the NucleoCounter is less complicated to 
use than a flow cytometer (Anzar et al., 2009), it is still a relatively expensive piece of 
equipment (Morrell et al., 2010). 
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Sperm morphology assessment: Another important component of routine semen 
analysis is sperm morphology assessment. Sperm are examined at magnifications of x400 to 
x1000 to assess the percentage with abnormalities of the head (figures 2 and 3), mid-piece 
(figure 4) or tail (figure 5) likely to compromise fertilizing capacity and/or that may give 
information about sperm maturation status, e.g. the presence of cytoplasmic droplets (figure 
6), or other pathological process affecting sperm production and/or storage (Franken and 
Oehninger, 2012). Many different staining and fixation techniques have been described for 
assessing the morphological quality of elephant sperm, these include bright-field miscoscopy 
following  the use of the Spermac, Coomassie blue, modified Kovác-Foote or triple stain 
(Bismark brown, rose bengal and trypan blue) techniques, after fixing the sperm in Hancock’s 
fixative or 1% glutaraldehyde. If only fixation agents (e.g. formalin) are available, sperm 
morphology can be evaluated using a phase-contrast or differential interference contrast 
microscope (Howard et al., 1986; Kitiyanant et al., 2000; Saragusty et al., 2009; Kiso et al., 
2011; Hildebrandt et al., 2012; Kiso et al., 2012). 

 

 

Figure 2 Asian elephant spermatozoa fixed 
and stained with William’s stain to enable 
sperm morphology examination under bright 
field light microscopy at a magnification of 
x1000. Spermatozoa with head shape 
abnormalities are demonstrated: a) normal 
sperm head; b) and c) narrow head; and d) 
pyriform head. In a), b) and d) the black arrows 

indicate the sperm heads. 
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Figure 3 Asian elephant spermatozoa fixed with formal-saline for sperm morphology examination 
using phase-contrast microscopy at a magnification of x1000. Spermatozoa with head shape 
abnormalities are presented: a) normal sperm head (black arrow); b) round head; c) and d) misshapen 
head; and e) and f) detached, abnormal head.  

 

 

Figure 4 Asian elephant spermatozoa fixed with formal-saline for sperm morphology examination 
using phase-contrast microscopy at a magnification of x1000. Spermatozoa with midipiece 
abnormalities are presented: a) bent mid-piece; b) tightly coiled tail; c) abaxially attached mid-piece; 
and d) double mid-piece. 
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Figure 6 Asian elephant spermatozoa fixed with formal-saline for sperm morphology examination 
using phase-contrast microscopy at a magnification of x1000. Spermatozoa with a) proximal and b) 
distal cytoplasmic droplets are presented. 

Sperm motility analysis: Sperm motility has generally been used as the principal 
criterion for selecting elephant semen samples for use in AI or for (cryo)preservation 
(Saragusty et al., 2009; Thongtip et al., 2009; Kiso et al., 2011; Kiso et al., 2012). However, 
the reported correlations between percentages of motile or progressively motile sperm and 
fertility across a variety of species vary widely (r=0.15-0.84) between the various studies that 
have investigated the relationship (Graham et al., 1980). Moreover, the percentages of motile 
sperm are commonly estimated subjectively by conventional microscopy and, since this 
inevitably introduces an element of human bias, such evaluation is increasingly considered 
of questionable reliability that can only partly be remedied by using two evaluators to blindly 
and independently estimate motility (Moce and Graham, 2008). Instead, computer-assisted 
sperm analysis (CASA) has become increasingly recommended as a means of reducing or 
removing human bias to make motility a more reliable parameter for semen quality 
evaluation. While CASA is commonly used to generate percentages of motile and 
progressively motile sperm, these are compound parameters based on algorithms that include 

Figure 5 Asian elephant spermatozoa 
fixed with formal-saline for sperm 
morphology examination using phase-
contrast microscopy at a magnification 
of x1000. Spermatozoa with tail 
abnormalities are presented: a) bent tail 
and b) coiled tail. 
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cut-off values for aspects of sperm movement, such as velocity and path straightness; 
alternatively CASA can also be used to generate data for individual sperm motion 
characteristics such as straight line, curvilinear or average path velocity (VSL, VCL, VAP; 
µm/s), beat cross frequency (BCF; Hz), lateral head displacement (ALH; µm) and linearity 
(LIN; %) or straightness (STR; %) of movement. Such data can be used to generate means 
with standard deviations over a population, or used to classify individual sperm cells into 
populations showing specified motility characteristics (Petrunkina and Harrison, 2011). In 
this latter respect, the motion characteristics of individual spermatozoa can be used to indicate 
sub-population structure within semen samples and indicate the existence of groups, such as 
sperm with fast-linear motion or with characteristics of ‘hyperactivated’ motility (Holt and 
Harrison, 2002; Martinez-Pastor et al., 2008), that are associated with in vitro fertilizing 
capacity (Garcia-Alvarez et al., 2013). Garcia-Alvarez et al. (2013) found that an increase in 
a specific sperm sub-population, that was assumed to represent hyperactivated spermatozoa 
(rapid, non-linear movement spermatozoa with high ALH), after inducing capacitation was 
related to in vitro fertility; moreover the surge in this sperm sub-population proportion was 
based primarily on the transition of sperm from the sub-population defined by fast, linear 
movement with medium ALH.     

The use of mean values for CASA derived motion characteristics to monitor 
biological changes in semen samples after freezing, treatment or activation can lead to faulty 
interpretation. For example, individual values for velocity of motile sperm may present a 
wide range with a skewed distribution, so the mean value does not give a good representation 
of what is going on at the individual sperm level (Holt et al., 2007). For this reason, a number 
of studies have instead used individual sperm motion characteristic data from CASA to 
characterise sub-populations among the motile spermatozoa in fresh or frozen semen of 
various mammalian species including the rabbit (Quintero-Moreno et al., 2007), dog (Rigau 
et al., 2001), boar (Abaigar et al., 1999), stallion (Quintero-Moreno et al., 2003), donkey 
(Miro et al., 2005), red deer (Martinez-Pastor et al., 2005), etc. This manner of analysing 
sperm greatly improves the power of sperm motion analysis for interpreting biological 
characteristics of semen samples (Dorado et al., 2010). The distribution of sperm sub-
population has a relationship with semen quality (i.e. percentage of motile sperm, sperm 
concentration), is influenced by cryopreservation, and differs between individual males and 
ejaculates (Dorado et al., 2010). In addition, it is apparent that the movement characteristics 
of single spermatozoa are dependent on interactions with other spermatozoa (Quintero-
Moreno et al., 2003; Dorado et al., 2010).   

ii. Additional tests for sperm cell quality 

However, it has become increasingly clear that the commonly used panel of semen 
quality parameters is not sufficient to adequately explain differences in male fertilizing 
capacity, or allow reliable prediction of expected fertility level (Petrunkina and Harrison, 
2011). For this reason, additional tests which assess aspects of sperm quality with obvious 
biological relevance to the fertilizing process but not covered in the general panel, such as 
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DNA integrity, sperm viability and acrosome integrity or functionality have been 
increasingly included in semen quality assessments to enhance the reliability of fertility 
prediction.  

Sperm viability assessment: Whether a sperm cell is “alive” or “viable” is commonly 
determined on the basis of plasma membrane integrity (Moce and Graham, 2008). The 
principle of staining to assess sperm viability is that dead cells allow a membrane-
impermeant stain to penetrate into the cell via the damaged and therefore ‘leaky’ plasma 
membrane (Gillan et al., 2005). For Asian elephants, the staining methods that have been 
used most widely to assess live-dead status of sperm to date are eosin-nigrosin (Thongtip et 
al., 2008a) and trypan blue (Kitiyanant et al., 2000; Saragusty et al., 2009), In both cases, 
dead sperm take up the stain while live (membrane intact sperm) remain non-stained; analysis 
is performed using simple bright-field microscopy. More recently, a number of membrane 
impermeant fluorochromes or fluorescent probes such as propidium iodide (PI), ethidium 
homodimer-1 (EthD-1), Yo-Pro and Hoechst 33258 have been described as more reliable 
stains for assessing sperm viability, although analysis requires use of a fluorescence 
microscope or flow cytometer (Gillan et al., 2005). Many CASA systems (when equipped 
with a fluorescence microscope) and the Nucleocounter are also able to analyse viability 
based on the use of fluorescent  probes; for example, the use of the Hamilton Thorne IVOS 
model 12.0 with Hoechst 33258 has been described for analysing the viability of Asian 
elephant spermatozoa (Thongtip et al., 2008b). Distinguishing live and dead sperm can be 
improved further by including acetylated DNA dyes such as SYBR-14. These dyes pass 
through the plasma membrane into living sperm but, once inside the cell, are de-acetylated 
by intracellular esterases and thereby rendered impermeant (no longer able to cross an intact 
membrane) such that the dye accumulates within membrane-intact (live) but not dead sperm 
(Martinez-Pastor et al., 2010).  The combination of SYBR14 and PI and fluorescent 
microscopic analysis has been described for classifying the viability of Asian elephant sperm 
(Sa-Ardrit et al., 2006). 

Assessing sperm acrosome integrity: Sperm acrosome normality is an essential 
aspect of fertilizing capacity because the plasma membrane overlying the acrosome is the 
site of binding to the zona pellucida of an oocyte and the acrosome and its various membranes 
play important roles in the preparation for zona binding and in the subsequent steps involved 
in zona penetration and fusion with the oolema. Acrosomal integrity and ability to undergo 
the normal activation events involved in the preparation for binding (capacitation) and in the 
various fertilization steps (the acrosome reaction and fusion with the oolema) are thus 
essential elements of spermatozoal quality (Kaji and Kudo, 2004). The integrity of the sperm 
acrosome can be evaluated using the coomassie blue stain combined with bright-field 
microscopy (Varner, 2008), a technique that has been reported for evaluating acrosome 
integrity of Asian elephant spermatozoa (Kiso et al., 2012).  

Various lectins have also been shown to exhibit specific binding to one or other of 
the membranes surrounding or overlying the acrosome. Among these, the peanut agglutinin 
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lectin, Arachis hypogaea (PNA), binds preferentially to β-galactose moieties present in the 
outer acrosomal membrane. When combined with a suitable fluorochorme (usually 
fluorescein isothiocyanate: FITC), PNA staining is an increasingly widespread method of 
assessing acrosome integrity or function, because non-specific binding to other membranes 
or areas of the spermatozoa is minimal (Gillan et al., 2005). In the acrosome intact sperm, 
PNA is unable to penetrate through the plasma membrane and outer acrosomal membrane 
and the sperm head therefore remains unstained (Graham, 2001). However, if the acrosome 
reaction has been initiated or the membranes rendered permeable, for example by fixation, 
then the whole of the acrosomal cap will fluoresce. After completion of the acrosome 
reaction, the bulk of the outer acrosomal membrane will have been lost such that only a thin 
band along the equatorial region will retain PNA fluorescence. Sa-Ardrit et al. (2006) and 
Thongtip et al. (Thongtip et al., 2004) have reported analysis of the acrosomal integrity of 
Asian elephant spermatozoa using FITC-conjugated PNA by fluorescence microscopy and 
flow cytometry, respectively.     

Assessing sperm DNA damage: While it is not outwardly visible, damage to or 
abnormalities of the sperm DNA can have serious consequences for fertility, often at the level 
of embryonic survival. In this respect, Silva and Gadella (2006) reported that mild DNA 
damage to bovine sperm had little effect on fertilization and cleavage rates, but led to a block 
to embryonic development at around the four to eight cell stage (Silva and Gadella, 2006). 
Similarly, increased risks of pregnancy loss after human in-vitro fertilization (IVF) and 
intracytoplasmic sperm injection (ICSI) have been reported when the male donor had higher 
than average levels of sperm with DNA damage (Zini et al., 2008). For these reasons, sperm 
DNA damage is considered an important genomic factor contributing to sub-fertility (Sakkas 
and Alvarez, 2010). Conversely, sperm DNA integrity is increasingly considered an 
important sperm quality parameter, and sperm DNA stability tests are commonly offered to 
help prediction of pregnancy outcome for couples that do not have any other indicators of 
fertility potential such as a previous pregnancy (Zini and Libman, 2006). Sperm DNA 
damage can be detected by examining DNA fragmentation, oxidation, chromatin compaction 
or sperm histone-protamine levels (Zini and Libman, 2006).   

Moreover, sperm DNA fragility (fragmentation in response to challenge with acid) 
measured by the sperm chromatin structure assay (SCSA) has been shown to correlate 
significantly with fertility in various species (Gillan et al., 2005). During the last two decades, 
many tests for sperm DNA fragmentation have been developed (Sakkas and Alvarez, 2010), 
some of these assays directly evaluate sperm DNA integrity at neutral pH; these include 
terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) and 
single-cell gel electrophoresis (Comet assay). Other assays indirectly test the resistance of 
sperm DNA to denaturing at acid pH, these include the SCSA, acridine orange test and sperm 
chromatin dispersion (SCD) test (Robinson et al., 2012). The SCD or Halosperm test has 
been widely used for assessing sperm DNA fragility in man (Fernández et al., 2005), boar 
(Enciso et al., 2006), bull (Garcia-Macias et al., 2007), stallion (López-Fernández et al., 
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2007) and ram (López-Fernández et al., 2008), and is particularly suitable for use in wild 
animal species like the Asian elephant because the assay does not require complicated 
facilities or expensive apparatus (de la Torre et al., 2007). In the SCD test, DNA 
fragmentation is determined by assessing the presence or absence of a halo around the sperm 
head using fluorescence or bright-field microscopy, depending on the type of DNA dye 
employed (De Jonge, 2012). 

Sperm preservation 

Long term preservation of semen can maximize the potential advantages of AI, since 
it allows management of the male and female to be separated in both place and time (e.g. by 
transport of frozen-thawed semen).  In elephants, techniques have been developed for both 
short (chilled) and long-term (deep frozen) preservation of sperm (Tables 1and 2). Although 
cryopreservation allows for indefinite preservation of the sperm, the damage inflicted on the 
spermatozoa during freezing and thawing is much more profound than during liquid storage. 
Therefore, chilled storage of elephant semen is currently preferred in AI programmes 
because, although storage duration is limited to a number of hours or days (Durrant, 2009), 
the fertility appears to be much better. While cryopreserved semen is not currently preferred 
for AI, there is always the possibility that assisted reproductive techniques will develop in 
future years so that the semen can be used for reproductive purposes, and there is therefore 
still considerable impetus to cryopreserve semen for genome resource banking (GRB), 
especially in the case of endangered species for which failure to store semen now could mean 
irreversible loss of unique genetic material. GRBs aim to store germ plasm for conservation 
programs so that endangered species can be conserved in situ or ex situ and their genetic 
diversity can be maintained by exchanging material over a global gene pool. GRB facilities 
have been established by many institutes throughout the world (Andrabi and Maxwell, 2007), 
these include the Leibniz Institute for Zoo and Wildlife Research (IZW) that has a sperm 
bank for the storage of epididymal and ejaculated spermatozoa from more than 40 
mammalian species, including the Asian elephant (Fickel et al., 2007). Using frozen semen 
from sperm banks should, assuming the sperm are capable of fertilizing oocytes, allow the 
generation interval to be increased indefinitely (Andrabi and Maxwell, 2007). 

The purpose of sperm preservation is to extend the longevity of spermatozoa by 
diminishing metabolism by cooling (chilling or freezing). Kiso et al. (2011) found that Asian 
elephant spermatozoa survived better at low temperatures (4 and 22oC) than at body 
temperature during storage for 24 h. However, the chilling/freezing procedures also damage 
spermatozoa through processes such as cold shock, and the profound osmotic stress and 
intracellular ice formation associated with freezing. Because sperm structure and function 
can be irreversible damaged by these processes, spermatozoa need special protective media 
for prolonged storage (Fickel et al., 2007). So-called semen extenders for cryopreservation 
normally consist of a non-permeating and a penetrating cryoprotectant, a buffer, one or more 
sugars, salts and antibiotics all of which are aimed at protecting and buffering spermatozoa 
against changes in osmolarity, and pH during chilling (Barbas and Mascarenhas, 2009). In 
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this respect, the exact composition required is species specific; for example, for the Asian 
elephant a freezing extender with an osmolarity of 285 mOsm/kg appears to be preferable to 
330 mOsm/kg, presumably because it is closer to the mean osmolarity of raw semen, at 
approximately 268.5 mOsm/kg (Saragusty et al., 2009). However, the optimal osmolarity of 
semen diluents for elephant sperm is also pH dependent, for example at pH 7 versus 8.5 the 
optimal osmolarity of the diluent has been reported to be 250 versus 275 mOsm/kg, 
respectively. Similarly, survival of spermatozoa during storage at 37oC for 2 h has been 
reported to be higher in a semen diluent with pH 8.5 compared to pH 5.5 or 7 (Jones, 1978). 
The extenders chosen for use in sperm preservation of endangered species are generally 
extrapolated from farm and domestic animals (Fickel et al., 2007). In this respect, semen 
extenders tested in elephants (Tables 1 and 2) include INRA96, Biladyl and Modena which 
were developed initially for use for stallion (Fayrer-Hosken et al., 2008), bovine bull (Muiño 
et al., 2007) and boar sperm (Gadea, 2003), respectively. Extenders designed for human 
sperm, such as TEST egg yolk (Paras et al., 2008), have also been tested for their suitability 
for preserving Asian and African elephant sperm (Kiso et al., 2011).   

Osmotic stress and intracellular ice formation can be reduced by inclusion in the 
diluent of cryoprotectants that are able to alter the physicochemical properties of the aqueous 
phase during the cooling/freezing process (Fickel et al., 2007). For elephant sperm, egg yolk 
has proven to be a favourable non-permeating cryoprotectant (Table 1), while for 
cryopreservation glycerol has been shown to be a useful penetrating cryoprotectant to 
accompany the egg yolk (Table 2). Other penetrating cryoprotectants, such as dimethyl 
sulphoxide (DMSO), ethylene glycol and propylene glycol have also been tested for their 
utility in the cryopreservation of Asian elephant spermatozoa; however the results have not 
been promising (Thongtip et al., 2004; Saragusty et al., 2009). Although glycerol seems, 
therefore, to be the preferred penetrating cryoprotectant for the cryopreservation of elephant 
spermatozoa, it should be noted that possible negative effects of higher concentrations of 
glycerol on fertility have been reported in some species. Several authors have reported toxic 
or apparently contraceptive effects of glycerol when present in relatively high concentrations 
in the inseminate (Fahy et al., 1990). Semen freezing extenders also generally contain 
macromolecules (e.g. lipoproteins, proteins and phospholipids) which help to stabilize the 
plasma membrane and increase its tolerance to the osmotic changes that inevitably occur 
during the cooling process. However, the beneficial effects of specific macromolecules vary 
among species and indeed individuals (Gao et al., 1993; Thurston et al., 2002b; Holt et al., 
2005). In Asian elephants, semen extenders with a source of lipoprotein have been reported 
to be better at maintaining motility and progressive motility of spermatozoa after cooled 
storage for 24h, whereas spermatozoa from African elephants were able to survive well in a 
tissue culture medium (TL-Hepes) without lipoproteins (Kiso et al., 2011).  

Since species-specific aspects of sperm physiology appear to significantly influence 
the extent of cryodamage (Thurston et al., 2002a; Thurston et al., 2002b) and the sensitivity 
of sperm to cold-shock (Gilmore et al., 1998), techniques for sperm preservation have to be 
independently optimized for the species of interest. In species in which sperm have a high 
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sensitivity to cold shock, cryopreservation is generally more successful when protocols with 
a slow cooling rate are used (Fickel et al., 2007). Asian elephant spermatozoa are sensitive 
to cooling induced damage (Saragusty et al., 2005) and exhibit a greater decline in the 
percentage of motile sperm after rapid cooling (immediate dilution with extender at 4oC)  
when compared to more gradual cooling (0.3oC/min: Saragusty et al., 2009). Although a 
number of protocols for preserving Asian elephant sperm have now been developed and 
described to satisfactorily maintain sperm quality, the conception rates from AI with 
cryopreserved spermatozoa are still very low (Thongtip et al., 2009) and a sizable proportion 
of bulls and ejaculates are classified as unsuitable for preservation or AI because of poor 
semen quality before or after the freezing-thawing process (Thongtip et al., 2004; Saragusty 
et al., 2009; Thongtip et al., 2009; Kiso et al., 2011; Kiso et al., 2012).  
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The challenge of poor semen quality  

Awareness of the issue of poor semen quality among captive Asian elephants has 
risen with a series of studies documenting high percentages of dead, morphologically 
abnormal or immotile spermatozoa in the ejaculates of a large proportion of animals 
(Thongtip et al., 2004; Saragusty et al., 2009; Thongtip et al., 2009; Kiso et al., 2011; Kiso 
et al., 2012); however the reason why so many captive bulls have poor semen quality are not 
clear (Thongtip et al., 2008b). Monthly semen collection from July 2004 until June 2005 in 
thirteen bulls at the National Elephant Institute in Thailand did however yield useful 
information with regard to the effects of bull age and season on the semen quality of Asian 
elephants. The percentages of progressively motile and viable spermatozoa in the oldest 
animals (51-70 yr) were lower than in the other age groups examined (10-19 yr and 23-43 
yr). In summer (March to June), sperm concentration and percentage of viable sperm were 
lower than in either the winter (November to February) or the rainy season (July to October). 
Moreover, the blood serum concentrations of testosterone and the thyroid hormone, tri-
iodothryonine, in bulls were positively correlated with semen quality (Thongtip et al., 2008a). 
Inflammation and infection of the accessory sex glands has also been documented as a cause 
of poor semen quality, in particular a high proportion of sperm with detached heads (Kilburn 
et al., 2011) just as has been reported for bovine bulls (Nöthling and Volkmann, 1997). The 
accumulation of spermatozoa within the male reproductive tract has also been associated with 
poor semen quality in cattle and horses, and is especially common after a long period of 
sexual rest (Sullivan and Pickett, 1975; Love et al., 1992; Nöthling and Volkmann, 1997; 
Barth, 2007). Since captive Asian elephant bulls have little or no chance of naturally mating 
with a cow (Thitaram, 2012), poor semen quality as a result of sperm accumulation is a real 
possibility. 

Since the Asian elephant population is threatened with extinction and there are 
relatively few adult bulls in captivity, efforts need to be made to maintain or include as many 
individual bulls as possible in the breeding program with the aim of preserving maximum 
possible genetic diversity. Alongside investigating the underlying causes or contributions to 
poor semen quality, improving techniques for semen preservation and AI will be invaluable 
for those adult bulls from which semen of adequate initial quality can be collected and will 
contribute greatly to an expansion of the effective breeding pool. 

Scope of the thesis 

The principal aims of this thesis are: 1) to increase the utility of semen quality 
assessment for fertility prediction and for assessing the suitability of techniques for semen 
preservation, by introducing sperm DNA stability as an additional parameter of Asian 
elephant semen quality; 2) to improve sperm preservation protocols for both short- (cooling) 
and long-term preservation (freezing); and 3) to identify possible contributors to poor semen 
quality among Asian elephants and, in particular, to investigate the possible contribution of 
sperm accumulation. 
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In Chapter 2, the incidence of sperm DNA resistance to fragmentation was 
investigated for Asian elephant spermatozoa at the various stages of the cryopreservation 
process, such as dilution, cooling, cryoprotectant addition and thawing. At each stage of the 
process, spermatozoa were incubated at 37oC for up to 48h to examine the susceptibility of 
sperm DNA to fragmentation in a dynamic test. Chapter 3 continued the investigation of the 
dynamic test of sperm DNA stability alongside other semen quality parameters that may 
provide valuable predictive information with regard to fertility and/or suitability for cooled 
storage. These additional parameters included the percentages of viable and acrosome intact 
sperm and various aspects of sperm motility, all were monitored in elephant semen stored at 
4oC or 15oC for up to 72h in TEST or BullMax extenders with the additional goal of 
identifying the extender and/or storage temperature best suited for short-term storage of 
elephant sperm. In Chapter 4 attempts were made to optimize cryopreservation diluents for 
Asian elephant sperm by comparing skim-milk versus egg-yolk based extenders 
supplemented with glycerol or methylformamide as penetrating cryoprotectants. In addition, 
retrospective analysis of the association between initial sperm quality on post-thaw quality 
was performed in an attempt to define initial criteria that best help define an ejaculate suitable 
for freezing. To determine whether sperm accumulation is a significant, or incidental, 
contributor to poor semen quality among Asian elephant bulls, alternate day semen collection 
for 10 days was performed on a group of elephant bulls known to have poor semen quality; 
the age of the animals and pre-ejaculatory diameter of the ampullae (the principal sites of 
sperm storage) were also examined to see if they were associated with semen quality and or 
response to the frequent collection protocol (Chapter 5).  

Finally, the results of the various studies are discussed and summarized in Chapter 
6, which includes a suggestion for the optimization of existing, or development of novel, 
procedures to improve semen quality assessment and semen storage techniques in the future. 
Further suggestions are made for approaches to improve our understanding of the causes and 
contributors to poor semen quality among males of this species, with the aim of helping the 
development of assisted breeding techniques to help in the preservation of genetic diversity 
of the Asian elephant. 
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Abstract  

The purpose of this study was to investigate the occurrence of sperm DNA 
fragmentation in Asian elephant (Elephas maximus) spermatozoa at various processing 
stages before and after cryopreservation. Five semen samples from four elephants were 
assessed at four different stages during processing; after (1) collection and re-extension in 
TEST-egg yolk; (2) cooling to 5ºC; (3) equilibration for 1 h with glycerol; (4) after thawing. 
An experimental approach was adopted that allowed comparisons of DNA fragmentation 
rates developed after the various processing stages. For this, spermatozoa were incubated in 
TEST-yolk media at 37ºC for 0, 4, 8, 24 and 48 h, and sperm DNA fragmentation rates were 
estimated using an elephant-specific Halosperm procedure. Incubation at 37°C induced a 
rapid increase in DNA fragmentation, and significant differences between males were 
observed. The overall rate of increase over 4 h was estimated at about 5% per hour, and no 
significant  changes to this rate were observed at the different processing stages, even 
including the post-thaw samples. As semen quality of the 5 ejaculates was relatively poor, 
the basic semen parameter data were compared with 9 different samples collected 11 months 
earlier to see whether the tested samples were atypical or representative of the population, 
As there was no significant difference between the two sets of samples, it is believed that the 
samples tested for DNA stability were not unusually sensitive. These results suggest that 
Asian elephant spermatozoa are more susceptible to DNA fragmentation than spermatozoa 
of other mammals.  
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Introduction 

The Asian elephant (Elephas maximus) is on Appendix I of the Convention on 
International Trade in Endangered Species and is listed as endangered in the IUCN Red List 
of Threatened Species. Throughout the world, elephant populations are facing extinction, 
mainly due to human encroachment on their natural habitats and geographical isolation of 
small populations. In Thailand, despite the Asian elephant having been a national symbol 
since ancient times, the number of both wild and captive elephants is also in steep decline 
(Sukumar, 2006). Although there are still a significant number of elephants in captivity, the 
population may be at risk of inbreeding owing to poor reproductive performance and poorly 
developed breeding programs (Imrat et al., 2010).  For these reasons, good breeding 
management in combination with cost-effective assisted reproductive techniques are 
considered essential to preserve this emblematic animal. Despite numerous efforts to develop 
the widespread use of artificial insemination (AI) in elephants, the highly sophisticated 
technology needed for the delivery of semen to exactly the right place at the right time means 
that the procedure is not easily applied routinely. Nevertheless, significant progress has been 
made over the last two decades (Hermes et al., 2007). 

Poor semen quality and large variations between and within individual bulls is a 
common finding in the Asian elephant. Most semen samples obtained exhibit poor quality 
which, in combination with age and seasonal variations, constrains the implementation of 
effective preservation protocols (Thongtip et al., 2008). Although inseminations with chilled 
or frozen semen (Thongtip et al., 2009) have been performed, numbers are small and results 
are anecdotal; the only reported case of pregnancy following the use of frozen-thawed semen 
finished in a late gestation miscarriage (Thongtip et al., 2009) the reasons for the apparently 
poor fertility of chilled and frozen elephant semen are not entirely clear and might include 
many factors, but it is known that cooling, freezing-thawing and the addition of 
cryoprotectants cause sperm damage, and some sub-lethal effects that may entirely abolish 
the fertilizing ability of individual spermatozoa (Holt, 2000). Consequently, accurate 
assessment of sperm characteristics required for fertilization are essential to ensure the 
maximum likelihood of pregnancy. Apart from the traditional sperm quality measurements, 
the analysis of sperm DNA integrity has been proposed as an important index of fertility 
potential, and several techniques have been developed to assess sperm chromatin integrity 
(reviewed in Zini and Libman, 2006). Intact sperm DNA is essential for the successful 
production of a viable embryo, and although it has been suggested that oocytes may be able 
to repair sperm DNA damage (Shimura et al., 2002), above a certain fragmentation threshold 
the likelihood of ongoing pregnancy is reduced (Bakos et al., 2008).  

Contrary to the impression given in many research publications, sperm DNA 
fragmentation status is not a stable state but is a dynamic process that depends on the 
technical nature of the assessment procedures and the biological characteristics of each 
animal (Lopez-Fernandez et al., 2007; Lopez-Fernandez et al., 2008) the quality of the sperm 
DNA, in terms of DNA fragmentation, can be negatively affected by processes, such as 
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cooling or freezing-thawing (Ekwall et al., 2007; Lopez-Fernandez et al., 2008; Behr et al., 
2009) and, surprisingly, prevented after dilution in some particular extenders (Ekwall et al., 
2007). Moreover, there are not only species specific, but individual differences, where, in 
certain cases, discrimination is only possible after a dynamic study of DNA fragmentation 
(Lopez-Fernandez et al., 2007; Lopez-Fernandez et al., 2008; Behr et al., 2009). 

The aim of the present investigation was to assess the basal level of sperm DNA 
fragmentation in the semen of Asian elephants using the Sperm Chromatin Dispersion test 
(SCDt), (Fernandez et al., 2005), a simple method recently adapted for the study of elephant 
spermatozoa (Imrat et al., 2010). We also aimed to find out whether the processes applied 
before semen freezing itself, i.e. dilution, addition of cryoprotectant, and cooling, caused any 
sperm DNA destabilisation, and whether there was any association between the incubation-
induced rate of DNA fragmentation and the initial quality of the ejaculates. As only a small 
number of semen samples of relatively poor quality were used in this study, some questions 
were raised in review about the value of undertaking this study with poor samples. We have 
therefore compared the basic semen parameters of these samples with another set collected 
approximately one year before, to see whether these were really atypical. If they do indeed 
represent the normal semen quality for captive Asian elephants in Thailand it would not be 
feasible or reasonable to discard most of them as they would represent much of the remaining 
genetic pool.     

Materials and Methods 

Chemicals 

All reagents were purchased from Sigma Chemical Company (Sigma, St. Louis, 
MO, USA) unless stated otherwise. 

Animals and semen collection 

Four sexually mature elephant bulls housed at the National Elephant Institute, Forest 
Industry Organization, Lampang, Thailand (latitude and longitude: 18° 17' 53" N / 99° 30' 
25" E), were used as semen donors for the DNA fragmentation study undertaken in June 
2010. Semen parameters from an additional 9 ejaculates are also reported here for 
comparison; these samples had been collected at the same location in July 2009. Semen 
samples were collected by manual manipulation as described previously (Schmitt and 
Hildebrandt, 1998). Each ejaculate was immediately evaluated for volume, sperm 
concentration, progressive motility, morphology and pH. Sperm concentration was assessed 
using a haemocytometer. Progressive motility was assessed visually using a phase-contrast 
microscope. Sperm morphology was assessed according to a scheme developed by Sarder 
(Sarder, 2008). The pH was measured using a Hanna handheld portable pH meter (Hanna 
Instruments Ltd, Leighton Buzzard, UK). Ethical approval for this study was granted by the 
National Elephant Institute. 
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Semen processing 

Five ejaculates collected from 4 bulls were frozen as previously described by 
Thongtip et al. (Thongtip et al., 2009). These were processed separately through the stages 
leading up to, and after, cryopreservation. Briefly, fresh semen was immediately diluted with 
TEST-egg yolk extender to a concentration of 100 x 106 cells/mL. TEST extender consisted 
of 241.7 mM (N-[tris(hydroxymethyl)methyl]-2-aminoethanesulfonic acid, 2-[(2-hydroxy-
1,1-bis(hydroxymethyl) ethyl)amino] ethanesulphonic acid (TES) 95 mM Tris Base, 22.2 
mM Glucose, 0.63 mg/mL penicillin G potassium salt (~1592 U/mg) and 1 mg/mL 
streptomycin sulphate, supplemented with 20% egg yolk. The diluted semen was cooled from 
room temperature to 5ºC at a rate of 1ºC/min in a cooled cabinet. After cooling, an equal 
volume of TEST extender containing 10% glycerol was divided into four parts and each part 
was added to the semen mixture every 15 min and further equilibrated at 5ºC for 1 h, to yield 
a final sperm concentration of 50 x 106 cells/mL. The equilibrated semen was then manually 
packaged into 0.5 mL plastic straws (Kruuse, Ltd., Leeds, UK). The straws were sealed with 
sealing powder (ARSTM, Chino, CA, USA), placed on a stainless steel rack and held at 2.5 
cm above liquid nitrogen for 10 min before being plunged into liquid nitrogen. Two straws 
per ejaculate were thawed in a 37ºC water bath for 30 s, pooled, re-extended in TEST without 
egg yolk (1:1, v/v) and kept in the water bath (37ºC) during sperm evaluation. 

Assessment of sperm viability and acrosome integrity 

Viability and acrosome integrity were evaluated by simultaneous staining with 
fluorescein-labelled peanut agglutinin (FITC-PNA) and ethidium homodimer-1 (EthD-1; 
Invitrogen®, California, USA) as described previously (Sirivaidyapong et al., 2000). One 
aliquot of diluted semen was adjusted to a concentration of 25 x 106 sperm/mL by adding a 
modified Tyrode’s medium (SP-TALP; (Harrison et al., 1996) that contained 100 mM NaCl, 
20 mM HEPES (pH 7.58), 5.0 mM Glucose, 3.1 mM KCl, 0.4 mM MgSO4•7H2O, 21.7 mM 
lactate, 0.3 mM NaH2PO4•H2O, 15 mM NaHCO3, 1 mM pyruvate, 2.0 mM CaCl2, and 
3mg/mL BSA (pH 7.4 and 300 mOsm/kg). Five hundred µL of semen sample was mixed 
with 100 µL of 4 µM EthD-1 in PBS, and the mixture was incubated at 37°C for 3 min. After 
that, 80 µL of 1 mg/mL single-stranded DNA in PBS was added for 2 min at 37°C to bind 
the excess EthD−1. Then, the sperm suspension was centrifuged at 600g for 5 min and the 
supernatant removed. To ‘wash’ the spermatozoa, the pellet was resuspended with 500 µL of 
PBS and centrifuged again at 600g for 5 min. After removal of the supernatant, 200 µL of 
PBS and 200 µL of 4% paraformaldehyde in PBS were added and the sperm suspension was 
kept in the dark at room temperature for 15 min for fixation.  

To remove the remaining paraformaldehyde, the pellet was resuspended with 500 
µL of PBS and centrifuged at 600g for 5 min. After removal of the supernatant, the pellet 
was resuspended in 200 µL of PBS and 100 µL of 0.1 % Nonidet-P40 (Igepal630) in PBS 
was added (5 min in the dark at room temperature) to permeabilize the sperm plasma 
membrane. Subsequently, the pellet was washed and the remaining permeabilizing detergent 
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was removed by adding 500 µL of PBS and the sample centrifuged at 600g for 5 min. The 
supernatant was removed and the pellet was resuspended in 200 µL of PBS and 200 µL of 
0.1 mg/mL FITC-PNA in PBS was added. For labelling, the suspension was incubated at 
37°C for 15 min. Next, 500 µL of PBS was added to the suspension and the sample was 
centrifuged at 600g for 5 min; this process was repeated once after removal of the 
supernatant. For the last step, the labelled sperm pellet was resuspended in 100 µL of PBS 
and 5 µL of the suspension was mixed with 5 µL of anti-fade solution on a glass microscope 
slide and covered with a cover-slip. To examine acrosome integrity, 200 spermatozoa were 
evaluated by fluorescence microscopy. Spermatozoa were considered to have an intact 
acrosome if the FITC-PNA staining was distributed over the entire acrosome. 

Sperm chromatin dispersion test 

To assess the proportion of spermatozoa with fragmented DNA (SDF) in each 
sample a methodology based on the Sperm Chromatin Dispersion test (SCDt; Halomax, 
Madrid, Spain) was specifically adapted to produce reliable results in elephants. This method 
was first used and described for sperm DNA fragmentation assessment in elephants by Imrat 
et al (2010). For each assay, 25 µL diluted sperm suspension (10 to 15 x 106 sperm/mL in 
PBS) was added to a vial containing 100 µL of low-melting-point agarose and gently mixed. 
An aliquot (2 µL) of the agarose-sperm mixture was then placed onto a pre-treated 8 well-
slide (provided in the kit), covered with a glass cover-slip, and placed in a refrigerator on a 
cold (4 ºC) metallic plate for 5 min. After solidification, the cover-slip was carefully removed 
and the sperm-gel slide preparation placed horizontally in the lysis solution provided in the 
kit, for 5 min. The sperm-gel preparation was subsequently washed in distilled water for 5 
min, dehydrated in a sequential series of 70%, 90%, and 100% ethanol baths for 2 minutes 
each, and subsequently air-dried. The slides were then stained for fluorescence microscopy 
by incubating with 2 µL of 10 x SYBR green (Invitrogen, Molecular Probes, Eugene, Oregon, 
USA) in Vectashield Mounting Medium H-1000 (Vector Laboratories, Burlingame, Ca). 
This staining method allowed differentiation of sperm nuclei containing either fragmented 
(large halos of chromatin dispersion) or unfragmented (small and medium halo) DNA (Figure 
1). To improve sperm head/tail discrimination, slides were counterstained with 2 µL GelRed 
(10X) (Biotium, Hayward, CA, USA) before image acquisition. Digital images were 
produced as TIFF 12-bit images using a black and white cooled Leica DCF 300 camera 
mounted onto a Leica DM microscope using single-band pass filters (FITC-3540B-536/617; 
Semrock, Rochester, NY); the monochrome images were coloured digitally using Adobe 
Photoshop. Digital image analysis was performed using Leica Q-Win software (Leica 
Microsystems, Barcelona, Spain). Magnification lenses of x40 were used and a minimum of 
300 spermatozoa were counted per sample. The percentage of spermatozoa with fragmented 
DNA was then calculated. 
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Dynamics of DNA fragmentation 

To determine the dynamic rates sperm DNA damage during various steps of the 
semen processing protocol, semen samples were assessed at four different stages during 
processing. After collection and extension in TEST-egg yolk (Stage 1); after cooling to 5ºC 
(Stage 2); after equilibration for 1 h with glycerol but before freezing (Stage 3); and 
immediately after thawing (Stage 4). For each semen processing stage (1-4), 1 mL aliquots 
of spermatozoa were taken, divided into five subsamples re-extended in TEST-yolk diluent 
without glycerol, and incubated in a water bath at 37ºC for 0, 4, 8, 24 and 48 h. At each time 
point, the corresponding aliquot was immediately immersed in liquid nitrogen and kept 
frozen until further processing. The dynamics of sperm DNA fragmentation in Asian 
elephants were investigated using incubated semen samples representing five ejaculates, four 
processing stages and five incubation times. Replicates were used as internal controls to 
ensure that results were not compromised by problems introduced by microgel detachment. 

Statistical analysis 

Sperm characteristics were compared between incubation times, processing stages 
and ejaculates using the non-parametric Wilcoxon test. Basic semen parameters for the 
samples used in the DNA fragmentation study and an additional set of 9 samples were 
compared using non-parametric Mann-Whitney tests. DNA fragmentation rates were 
analysed using Statistica 9 (Statsoft (UK) Ltd, Letchworth, UK. Mean iatrogenic DNA 
fragmentation rates for the different processing stages over the  48 h incubation periods were 
compared using the “homogeneity of slopes” model in Statistica 9, Statsoft (UK) Ltd, 
Letchworth, UK) which tests for parallelism; individual pairs of slopes can be compared 
using this method.  

The degree of iatrogenic sperm DNA fragmentation (i-SDF) was also examined 
using a different approach so that the data could be compared with other values in the 
literature. The change in sperm DNA fragmentation induced by incubation can be defined as 
the increase in baseline level of sperm DNA fragmentation (b-SDF) when compared to that 
obtained after a certain period of time (f-SDF; here, the final time was considered to be 4h). 
The rate of iatrogenic sperm DNA fragmentation (ri-SDF) is defined as the increase of DNA 
damage per unit of time, and represents a measure of the sperm DNA longevity under certain 
storage conditions. Hence, i-SDF= f-SDF- b-SDF and the ri-SDF= f-SDF- b-SDF/time 
(expressed in h or min). ri-SDF can also be calculated by linear regression between 0 and 4h. 
In a sense the ri-SDF is a measure of the longevity of sperm DNA molecule per time unit 
under certain conditions of sperm handling, storage and/or processing. Differences in ri-SDF 
between males and processing stages were examined using ANOVA (Statistica 9, Statsoft 
(UK) Ltd, Letchworth, UK) and differences in rate between stages were examined explicitly 
by using orthogonal polynomial coefficients.   
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Results 

Characteristics of the fresh semen samples 

Table 1 summarises the results of the various sperm parameters of the 5 elephant 
ejaculates used for DNA fragmentation analysis. Overall sperm quality differed substantially 
between males and even the values obtained from different ejaculates from the same bull (A 
and D) were variable. Nevertheless it is worth noting that sperm viability (around 50%) and 
the percentage of motile spermatozoa (about 20%) were not significantly different from the 
samples collected in the previous year (P>0.2) (Table 2). The percentage of live spermatozoa 
with intact acrosomes was slightly lower than the viability value (37.8 ± 13.1%), and normal 
sperm morphology in the samples used for DNA fragmentation analysis was estimated at 
nearly 70%.  

Sperm concentration and volume were also variable, but there was no significant 
difference between the samples collected in 2009 and 2010. The pH values of samples 
collected in 2010 were significantly lower than those collected in 2010 (pH 7.53 v pH 9.06; 
t = -4.86; 12DF: P=0.0003). 
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Table 2 Characteristics of 9 Asian elephant ejaculates collected at the NEI in July 2009; not used for 
DNA fragmentation analysis.  

 

ID Motility (%) 

Volume  

(mL) pH 

Concentration  

(106/mL) Viability % 

F 30 7 8.23 309 56 

G 0 20 9.62 457 63.5 

H 10 23 9.26 860 41 

I 5 18 9.17 428 62 

J 30 7.5 7.95 1655 20 

K 20 3.4 9.59 136 18.5 

L <5 15 9.66 515 68 

M <5 32 8.88 1195 42 

N 0 22 9.23 550 23 

Mean <11.7 16.4 9.06 678.3 43.7 

±SD 11,9 9.2 0.61 479.5 19.7 

 

DNA fragmentation assessment 

After the Halomax assay, sperm heads showing compact haloes of dispersed 
chromatin surrounding a compact core are indicative of spermatozoa without fragmented 
DNA (Figure 1a, b). Spermatozoa showing large, spotty and expanded haloes of dispersed 
chromatin and a relatively small chromatin core contain fragmented DNA (Figure 1a, c). 
After a period of incubation at 37°C to assess the dynamics of DNA damage, some of the 
spermatozoa identified as containing fragmented DNA showed a reduced core and a halo that 
tended to be smaller and with less retained material than that observed when the analysis was 
performed at T0 (Figure 1d).  
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Figure 1 Asian elephant sperm DNA fragmentation after the SCDt procedure. (a) Fragmented (large 
red fluorescent halo) and non-fragmented (small red halo) DNA of elephant sperm. (b) Non-
fragmented; (c) fragmented and (d) degraded sperm nuclei. 

The mean baseline level of SDF observed in the 5 ejaculates before any processing 
steps commenced was relatively high (mean ± SD was 32.2 ± 9.8%); this then increased to 
49.5 ± 9.8% after only 4h of incubation at 37ºC and continued to increase as shown in Figure 
2a, reaching 91.5 ± 9.8% after 48 h. After dilution at 37ºC, the initial SDF at t0 was almost 
identical (30.7 ± 9.8%) and the rate of increase over time was also very similar to that seen 
with fresh semen (figure 2b). After equilibration with glycerol at 5ºC the baseline SDF at t0 
was 30.4 ± 9.8%, and this had not increased when the semen was analysed again immediately 
after freeze-thawing (33.5 ± 9.8%). No significant differences between processing stages 
were observed in the rates at which SDF increased (homogeneity of slopes model: F3/84 = 
0.34: P=0.79). When the post-thaw samples were tested within the same analysis, the increase 
in SDF was only marginally significant after 4 h (F1/80=3.81; P=0.054), and then became 
more highly significant after 8 h (F1/80 = 6.92; P = 0.01). When the post-thaw treatment was 
examined separately within a more restricted main-effects ANOVA (Stage 4 only; male x 
time), it was apparent that SDF was significantly increased after 4h incubation (F1/16 = 6.78: 
P=0.019).   
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Figure 2 Graphs showing percentages of spermatozoa with fragmented DNA estimated after incubation 
at 37ºC for different time periods (0h, 4h, 8h, 24h and 48 h). The four graphs show responses (mean ± 
SEM) for the different processing stages evaluated; (a) stage a, (b) stage b; (c) stage c and (d) stage d. 
There were no significant differences in the slopes (N = 5 at each point). 

Comparisons of DNA fragmentation rates (ri-SDF) conducted between 0 and 4h 
showed an overall fragmentation rate of 4.97% per hour. The ri-SDF values for individual 
processing stages were 4.39, 4.11, 4.9 and 6.50 % per hour (S.E.M. = 1.02%) for Stage 1, 
Stage 2, Stage 3 and Stage 4 respectively. These values were not significantly different from 
each other. The mean overall DNA fragmentation rates, calculated between 0 and 4h for the 
5 individual ejaculates and  across the combined processing stage data, were negatively, but 
not significantly, correlated with the percentage of motile spermatozoa (r = 0.775: P>0.05; 
Fig 3a). However, the percentage viability in fresh semen was significantly and negatively 
correlated with the DNA fragmentation rate ((r = –0.963: P = 0.009) Fig 3b). The percentage 
of motile spermatozoa in fresh semen was positively correlated with the percentage of viable 
spermatozoa (r = 0.89, P=0.038) and the proportion of viable spermatozoa with intact 
acrosomes (r=0.944; P = 0.016; Fig 3c). 
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It is also of interest that the 
proportion of spermatozoa with detached 
heads after freezing and thawing was 
correlated with the pH of the fresh semen 
(r = 0.942; P = 0.017) and the volume of 
semen collected (r = 0.94: P = 0.018).  

Discussion 

The results of this study show 
that the dynamic loss of DNA quality in 
elephant spermatozoa is manifested 
rapidly during incubation at 37°C, even 
before cryopreservation. Moreover, those 
samples with initially low SDF values 
underwent aggressive DNA damage over 
the first 4 hours of incubation, increasing 
by approximately 5% per hour. The 
statistical analysis also showed that the 
spermatozoa from different males 
responded differently to incubation, and 
there was a suggestion that even when 
there was a relatively low incidence of 
DNA damage in freshly diluted 
spermatozoa, the subsequent loss of DNA 
integrity during incubation at 37°C could 
be particularly high. These results show 
that the DNA molecule in elephant 
spermatozoa is exceptionally sensitive to 
iatrogenic damage during incubation. 
Pre-treatments such as dilution, cooling, 
equilibration with cryoprotectants and 
freeze-thawing were also followed by 
rapid DNA fragmentation during 
incubation at 37°C.  These results suggest 
that semen samples destined for use in 
artificial insemination are subject to 
iatrogenic DNA damage after collection, 
dilution and thawing and that they should 
be treated with care. The results do not 
necessarily contradict other studies 
showing that elephant spermatozoa can 

Figure 3 The three plots illustrate the 
relationships between DNA fragmentation 
rates for (a) % sperm motility and (b) % sperm 
viability, and (c) illustrates the relationship 
between viability (%) and the proportion of 
intact acrosomes in the live sperm population. 
Each value for % DNA fragmentation rate was 

calculated as the mean across all treatments. 
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be chilled and stored for up to 48h (Graham et al., 2004), or cryopreserved (Thongtip et al., 
2009), with retention of good viability,  but should be regarded instead as providing a 
complementary perspective on the status of the spermatozoa. The results also underline the 
importance of accurate artificial insemination timing with respect to estrus and ovulation in 
order to avoid a long, and possibly damaging, period of storage within the female 
reproductive tract.  

These results suggest that semen samples destined for use in artificial insemination 
should be treated carefully after collection and dilution, in order to avoid substantial DNA 
damage. Even though the DNA fragmentation testing protocol used here, which involved a 
number of hours of incubation at 37ºC, would not normally be applied to spermatozoa prior 
to use for insemination, the fragmentation rates seen here are high compared with other 
species which are robust to the same protocols. For example, species such as boar (Perez-
Llano et al., 2006; Perez-Llano et al., 2010), bull (Gosalvez et al., 2011), koala (Zee et al., 
2009) and even human (Gosalvez et al., 2009) are highly resistant when tested with the same 
protocol. The boar in particular provides a clue to the potential usefulness of DNA 
fragmentation dynamics in predicting the likely retention of fertility during the long-term 
storage of semen, as it is well known that boar semen remains fertile after 5-7 days of storage 
at 15-18oC in appropriate semen extenders. The rapid decline in DNA integrity noted in this 
study was comparable to reports for the rhinoceros (Portas et al., 2009), where the 0 – 6h 
rates varied between about 1.5% and 13% per hour and were notably faster than the 
equivalent declines noted in studies with other species. 

The Asian elephant ejaculates used in this study might be considered relatively poor 
by the standards of those more used to working with domestic species, and the various 
correlations reported between iatrogenic DNA damage and initial semen quality might 
suggest that poor samples should be discarded rather than processed for cryopreservation. 
However, applying this practice to the Asian elephant is likely to result in most samples being 
destroyed rather than preserved. The comparison reported here between samples collected in 
two successive years confirmed that they were not significantly different, and that it would 
not be feasible to anticipate that if current samples were discarded, subsequent samples would 
be more suitable for cryopreservation. This conclusion is supported by a recent study by Kiso 
et al (2011) who, having imposed minimum standards (>60% motility) for the inclusion of 
Asian elephant semen samples within a cryopreservation study, found that only 10 of 75 
ejaculates (13.3%) could be processed. For the purposes of conserving genetic diversity by 
the use of semen cryobanking this practice would be highly inappropriate because it would 
be too selective for genetic traits associated with semen cryopreservation. 

The significant negative correlation between the short-term DNA fragmentation rate 
and sperm viability in fresh semen suggests that the viable sperm population is relatively 
resistant to iatrogenic damage. By contrast, because the membrane-damaged population is 
likely to be producing reactive oxygen species (Agarwal et al., 2006), they probably initiate 
an autonomous and self-perpetuating cycle of cell damage in poor quality semen samples. It 
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is of interest that the DNA fragmentation rate was not significantly faster after freeze-thawing 
than before. This was partly attributable to the high between-bull variance observed in this 
study, but also because the fragmentation rate was already high in the pre-freeze treatments. 
This behaviour has been previously observed in stallion spermatozoa (Lopez-Fernandez et 
al., 2007) but  differs from the situation reported in the ram, where the relatively fast increase 
in ri-SDF detected after around 6h in chilled semen samples, was apparent by 1-2 h in frozen 
thawed samples (Lopez-Fernandez et al., 2008). One interpretation of this finding is that the 
basic Tes-Tris diluent used for sperm extension and equilibration is not suitable for the 
dilution of elephant spermatozoa, even though it performs well for a number of other species 
(Holt, 2001). 

This idea is in agreement with the variable rate of sperm DNA fragmentation 
observed in ram semen at different dilutions; when the same ejaculate is prepared at different 
sperm dilutions and assessed for DNA damage under identical conditions (Lopez-Fernandez 
et al., 2010) the rate of sperm DNA damage is lowest at the highest dilutions.  In addition, 
the pattern of DNA damage among different individuals is not a random occurrence but may 
be mathematically predicted (Lopez-Fernandez et al., 2010).  The inclusion of one or more 
antioxidants, such as glutathione (Gadea et al., 2008), in semen extenders for elephants would 
therefore seem to be a logical way to improve sperm survival during storage and freezing. 
The significant positive correlation between semen pH and the proportion of detached-heads 
after freeze-thaw, coupled with the significant negative relationship with semen volume, 
suggests strongly that there is an association between the stability of spermatozoa during 
freezing and thawing, and the relative contributions to seminal plasma from the prostate 
(acidic) and seminal vesicles (alkaline) within the semen itself. The more neutral pH 
ejaculates were associated with better sperm survival after freezing. The relationship between 
excessive alkalinity of bull and ram semen and poor fertility or motility has been recognised 
for many years and was discussed in some depth by Thaddeus Mann in his classic 1964 
textbook about the biochemistry of semen (Mann, 1964). Likely explanations for the 
variability in pH seen in the present study include the possibility that the rectal massage 
technique used for semen collection in the bull elephants is not sufficiently consistent to 
provide the same mix of seminal plasma components at each ejaculation and the potential for 
urine contamination. As the elephant ejaculate is typically collected as a series of fractions 
that are produced over a period of about 15 minutes, problems with urine contamination can 
be minimised as far as possible. It may also be possible to identify and avoid using the most 
alkaline fractions of semen as one simple way of improving the performance of semen 
freezing methods. 

The study has revealed that DNA fragmentation in elephant spermatozoa is rapidly 
induced by dilution and semen processing, suggesting a need for measures to counteract this 
effect, such as the inclusion of antioxidants in extenders, and the need to process the semen 
with as little delay as possible.  The unintentional double use of one bull demonstrated that 
the high initial incidence of sperm DNA fragmentation (>40%) was a property of the bull 
rather than the ejaculate. This observation indicates that there may have been an underlying 
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pathology that predisposed this individual to unstable sperm DNA, as happens with 
varicocele in humans, or alternatively that this animal simply represents an extreme end of 
the normal range for DNA stability.  

Conclusions 

The current study, although necessarily conducted on a small number of males, has 
provided some novel insights into the events that accompany semen processing, and has 
suggested ways in which the handling techniques could be improved. The results show that 
DNA fragmentation in elephant spermatozoa is rapidly induced by the initial dilution and 
semen processing steps and that cryopreservation itself is not the main cause of DNA 
instability. This suggests the need for measures to counteract these effects, possibly by the 
inclusion of antioxidants in extenders, and also the need to process the semen with as little 
delay as possible after collection. It is also evident that the overall rate of DNA fragmentation 
tends to be higher when the initial semen parameters are poor and, as poor semen quality is 
a regular feature for Asian elephant's semen in Thailand, it will be necessary to develop 
specific techniques that will be suitable for this species. 
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Abstract 

Artificial insemination (AI) is a potentially useful tool for breeding captive 
elephants because it facilitates efforts to minimize inbreeding.  However, cooled storage of 
elephant semen markedly reduces fertility. This study compared the effects on semen quality 
parameters, including sperm DNA fragmentation, of storing elephant semen at 4oC or 15oC 
in a commonly-used diluent (TEST) or a diluent developed to protect against sperm DNA 
damage (BullMax®). Storing elephant semen for >24h in either extender at either temperature 
resulted in decreases in sperm motility, viability, acrosome-integrity and DNA-integrity 
(p<0.05); the decrease in motility was especially rapid. An impression of circular sperm 
movement in TEST was confirmed by a higher curvilinear velocity and amplitude of lateral 
head displacement, but lower straight line velocity and linearity than in BullMax®. Initial 
percentages of spermatozoa with fragmented DNA (%SDF) did not differ between extenders 
or temperatures, but the rate of increase in %SDF during a 48h incubation at 37oC was higher 
in TEST than BullMax® (p<0.05). In conclusion, BullMax® allows more linear movement 
and better preserves DNA-stability in stored elephant sperm than TEST. Sperm DNA 
stability during incubation at 37oC is a promising, discriminative parameter for selecting 
semen storage conditions or bulls for elephant AI. 

 

Keywords: DNA dynamics, extender, SCD, sperm DNA fragmentation, sperm preservation, 
temperature.  
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Introduction 

The Asian elephant is threatened with extinction and, as a result, has since 1972 
been included in Appendix 1 of the Convention for International Trade in Endangered 
Species of Wild Fauna and Flora (CITES). Attempts have been made to establish self-
sustaining captive populations in zoos, or in situ at tourist or timber/logging camps (Brown, 
2000). However, there is a heightened risk of inbreeding as a result of the small, fragmented 
breeding pools in captive populations (Thitaram et al., 2008). Good breeding management is 
considered critical in attempts to minimize the impact of such effects on the long-term 
viability of the captive elephant population. In this respect, artificial insemination (AI) offers 
considerable potential as a tool for genetic management. However, while AI using chilled 
and frozen semen has been performed in Asian elephants, the success rates in terms of calves 
born are currently low (Thongtip et al., 2009). 

The reasons for the reduced fertility of stored elephant spermatozoa are not entirely 
clear but probably involve damage to sperm structure and function during initial cooling or 
prolonged storage. During processing for semen storage by cooling or freezing, the decrease 
in environmental temperature to which the spermatozoa are exposed induces changes in 
membrane properties (e.g. fluidity) and thereby increases susceptibility to damage (Saragusty 
et al.¸2005); moreover, during cryopreservation the spermatozoa are exposed to 
hyperosmotic solutions (Saragusty et al., 2009).  Indeed, Asian elephant spermatozoa have 
been reported to suffer a decrease in motility and loss of viability during cold storage 
(Graham et al., 2004; Kiso et al., 2011), and structural damage at the levels of the plasma 
membrane, acrosome and mitochondria as a result of freezing and thawing (Sa-Ardrit et al., 
2006). In addition, we recently reported that the DNA of Asian elephant spermatozoa is 
susceptible to destabilization and fragmentation during the processing steps prior to freezing 
(Imrat et al., 2012). 

In terms of the semen quality parameters that can be used to predict whether semen 
storage is detrimental to fertility, it is increasingly clear that the parameters routinely used to 
establish male ‘breeding soundness’, i.e. sperm concentration and the percentages of motile 
and morphologically normal spermatozoa (Petrunkina and Harrison, 2011), are insufficient. 
In terms of important indicators of sperm function, loss of acrosomal integrity is an important 
contributor to reduced fertility in frozen-thawed semen (Varner, 2008). Analysis of sperm 
DNA integrity is also increasingly seen as an important additional index of fertility potential 
(Agarwal et al., 2009). Indeed, a recent comparison of sperm DNA fragmentation and 
progressive motility indicated that the DNA fragmentation index was far more effective in 
predicting human IVF success than progressive sperm motility (Simon and Lewis, 2011). 
The sperm chromatin dispersion (SCD) test for sperm DNA fragmentation is particularly 
suitable for use with wild animal species because it does not need complicated facilities or 
expensive techniques (de la Torre et al., 2007).  
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In general, the fertilizing potential of cold-stored semen can be influenced by a 
variety of inter-related factors; these include intrinsic individual male factors, the semen 
collection and handling procedures and the type of semen extender used (Aurich, 2008). In 
the current study, we chose to focus on the semen extender and storage temperature. Semen 
extender composition is known to affect the longevity of Asian elephant spermatozoa during 
storage (Graham et al., 2004; Kiso et al., 2011).In addition, liquid semen from many 
mammalian species appears to have an optimal storage temperature and, while this is 
approximately 4-6oC for many species (Aurich, 2005; O'Hara et al., 2010; Vishwanath and 
Shannon, 2000). In the case of some “poor cooler” stallions, it has also been proposed that 
storage at 15oC may be beneficial (Batellier et al., 2001). For Asian elephant spermatozoa, 
there is as yet no clear evidence that storing sperm at a higher temperature (e.g. 22 oC; Kiso 
et al., 2011) is preferable to cooling to 4 oC. 

In the present study, we examined the effects of 1) time in cold storage, 2) storage 
temperature (4oC versus 15oC) and 3) extender type (TEST versus BullMax®) on the 
maintenance of sperm motility, viability, and DNA and acrosome integrity in Asian elephant 
bull semen. SDF status was examined using a SCD test recently modified and validated for 
elephant spermatozoa (Imrat et al., 2012). 

Material and Methods 

Chemicals 

All reagents were purchased from Sigma Chemical Company (Sigma, St. Louis, 
MO, USA) unless otherwise stated. 

Animals 

Seven healthy Asian elephant bulls ranging between 19 and 40 years of age and 
housed at the National Elephant Institute of the Forest Industry Organization, Lampang, 
Thailand (latitude 18o21.60’N and longitude 99o14.92’E) were used in these studies. All of 
the bulls had subsequently been used as breeding bulls and all have sired calves. However 
none of them were not used for natural breeding during the semen collection periods. During 
the day, the bulls were fed on a mixture of bana grass (fresh grass), pangola grass (dry grass), 
sugar cane, banana, corn and concentrated feed; at night, they were allowed to forage in the 
forest.  

Semen collection 

Semen samples were collected during July-August 2009 and July 2010 by per 
rectum massage of the ampullae (Schmitt and Hildebrandt, 1998). To avoid urine 
contamination, semen collecting tubes were changed frequently during the collection 
process. After each collection, all semen tubes that were not contaminated with urine were 
pooled as a single ejaculate from that bull. Semen volume, pH and sperm concentration were 
measured for each ejaculate immediately after pooling. Sperm concentration was assessed 
using a haemocytometer (Bane, 1952) and sperm viability was estimated soon after collection 
using eosin-nigrosin staining, as described by Thongtip et al. (2008a). 
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Semen analysis 

i.    Assessment of sperm motility 

Diluted semen was evaluated for the percentages of motile and progressively motile 
spermatozoa; further information about the specific kinetic properties of spermatozoa was 
obtained by computer assisted semen analysis (CASA, IVOS model 12.0, Hamilton-Thorne 
Biosciences, Beverly, MA, USA). The CASA settings used were those described previously 
for Asian elephant spermatozoa by Thongtip et al. (2008b). For CASA analysis, a 10-μl 
droplet of semen was introduced into a 20 μm 2X-CEL chamber (Hamilton-Thorne 
Biosciences) on a 37°C warming plate. The slide was then loaded into the CASA and the 
percentages of motile and progressively motile spermatozoa, the average path velocity (VAP; 
μm/s), straight-line velocity (VSL; μm/s), track speed (VCL; μm/s), amplitude of lateral head 
deviations (ALH; μm), beat cross-frequency (BCF; Hz), straightness (STR; %) and linearity 
(LIN; %) were recorded for each sample. Each analysis was based on a minimum of 500 
cells. 

ii. Assessment of sperm viability and acrosome integrity 

Sperm viability (membrane integrity) and acrosome integrity were evaluated by 
simultaneous cytochemical staining with ethidium homodimer-1 (EthD-1; Invitrogen®, 
Carlsbad, CA, USA) and fluorescein isothiocyanate (FITC)-conjugated peanut agglutinin 
(PNA; Arachis hypogaea), respectively, in a modification of the assay described by 
Sirivaidyapong et al. (2000). Briefly, an aliquot of extended semen was further diluted to a 
concentration of 25 x 106 spermatozoa per ml with modified Tyrode’s medium (Harrison et 
al., 1996) containing 116 mM NaCl, 20 mM Hepes (pH 7.58), 5.0 mM Glucose, 3.1 mM 
KCl, 0.4 mM MgSO4•7H2O, 21.7 mM lactate, 0.3 mM NaH2PO4•H2O, 1 mM pyruvate, 2.0 
mM CaCl2, and 3mg/ml BSA, and with a pH of 7.4 and an osmolarity of 300 mOsm/kg.  

To label membrane damaged (non-viable) spermatozoa, 500 µl of this semen was 
mixed with 100 µl of 4 µM EthD-1 in phosphate-buffered saline (PBS) and incubated at 37oC 
for 3 minutes. To remove excess EthD-1, the sample was then incubated for 2 minutes at 
37oC with 80 µl of 1 mg/ml single-stranded DNA in PBS before being centrifuged at 600g 
for 5 minutes. After removing the supernatant, the sperm pellet was ‘washed’ by 
resuspending it in 500 µl PBS and again centrifuging at 600g for 5 minutes. After removal 
of the supernatant, 200 µl of PBS and 200 µl of 4% paraformaldehyde in PBS were added, 
and the sperm suspension was kept in the dark at room temperature for 15 minutes to allow 
fixation. The paraformaldehyde was washed out by adding 500 µl PBS, centrifuging at 600g 
for 5 minutes and removing the supernatant. The resulting pellet was resuspended in 200 µl 
of PBS and incubated with 100 µl of 0.1 % Nonidet-P40 (Igepal630) in PBS for 5 minutes in 
the dark at room temperature to permeabilize the sperm plasma membrane. Subsequently, 
the detergent was removed by adding 500 µl PBS, centrifuging at 600g for 5 minutes and 
removing the supernatant. Again the pellet was resuspended in 200 µl PBS before 200 µl of 
0.1 mg/ml FITC-PNA in PBS was added and the suspension was incubated at 37oC for 15 
minutes. The spermatozoa were washed twice by suspending in 500 µl of PBS and 
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centrifuging at 600g for 5 minutes. Finally, the labeled sperm pellet was resuspended in 100 
µl of PBS and 5 µl of the suspension was mixed with 5 µl anti-fade solution on a glass 
microscope slide and covered with a cover slip. To quantify percentages of viable and 
acrosome-intact spermatozoa, 200 spermatozoa were examined using a fluorescence 
microscope (Figure 1) and categorized as described by Fazeli et al. (1997). 

 
Figure 1 The four categories of elephant spermatozoa after staining with FITC-PNA and EthD-1; (a) 
green fluorescence alone over the entire acrosomal cap indicates a live spermatozoon with an intact 
acrosome, (b) red staining of the sperm nucleus indicates a dead spermatozoon, (c) a small amount of 
green staining along the equatorial segment indicates a live, acrosome-reacted spermatozoon and (d) 
green staining of the acrosomal cap with a red stained sperm head indicates a dead spermatozoon with 
an intact acrosome. 

Assessment of sperm DNA fragmentation 

DNA fragmentation analysis was performed using the SPERM-HALOMAX® kit 
(Chromacell SL, Madrid, Spain), an improved SCD test (Fernández et al., 2003), as described 
in the kit instructions. Semen samples were diluted with PBS to 10 x 106 spermatozoa per 
ml. The eppendorf tubes containing low melting point agarose gel provided in the kit were 
placed in a water bath at 90 -100oC for 5 minutes to melt the gel, and then transferred to a 
water bath at 37oC for 5 minutes to allow the agarose gel to equilibrate. 20 µl of semen 
solution was then introduced into the tube and mixed carefully with the gel. Immediately 
after mixing, 25 µl of the semen-agarose mixture was transferred onto a cooled slide and 
covered with a 22 x 22 mm cover slip. The slide was then placed on a metal plate cooled to 
4oC, to solidify the semen-agarose mixture. Next, the cover slip was removed gently and, at 
room temperature, placed horizontally into the final lysis solution, which had been prepared 
by adding 35 µl of reducing agent to 10 ml of base lysis solution. After 5 minutes in the lysis 
solution, the slide was washed in distilled water for 5 minutes and dehydrated in 70, 90 and 
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100% ethanol solutions for 2 minutes each. Finally, the slide was allowed to air dry before 5 
µl of fluorochrome-anti-fade mix (1:1) was dropped onto a cover slip, which was used to 
cover the slide and thereby stain the embedded spermatozoa. The proportion of DNA-
fragmented spermatozoa was estimated by examining 200 spermatozoa using a fluorescence 
microscope. Development of the characteristic ‘dispersion halo’ indicated spermatozoa with 
fragmented DNA (Figure 2). 

 

Figure 2 Sperm chromatin dispersal (SCD) test; the appearance of Asian elephant spermatozoa stained 
using the Sperm-Halomax® kit. A DNA-fragmented spermatozoon with a dispersion ‘halo’ is indicated 
by the white arrow; the other spermatozoa would be classified as having intact DNA. 

Experimental design 

Experiment 1: Effect of storage for 24 hours at 4oC on quality of Asian elephant semen 

This experiment was carried out during July and August 2009; only semen samples 
with >50% viable spermatozoa (as estimated by eosin-nigrosin staining) immediately after 
dilution were considered suitable for storage. Suitability was determined on the basis of the 
percentage of viable sperm because the aim was to develop techniques applicable to as large 
a proportion of bulls as possible; in this respect, previous studies have indicated that less than 
14% of Asian bull elephant ejaculates have adequate motility at collection (>60% motile: 
Kiso et al., 2011). Moreover, the fact that the initial percentage of viable sperm often greatly 
exceeds the percentage of motile sperm (e.g. 51 ± 14 % versus 20 ± 15 %: Imrat et al., 2012) 
may indicate that a proportion of the immotile sperm are quiescent rather than moribund. 
Ejaculated semen was diluted to a concentration of 100 x 106 spermatozoa per ml in an egg-
yolk based extender, TEST (without cryoprotectant); TEST was previously found to be an 
acceptable extender for the cryopreservation of Asian elephant spermatozoa (Thongtip et al., 
2004). In total, three ejaculates from four different bulls (i.e. twelve ejaculates) were used in 
this study. During processing, the diluted semen was slowly cooled at a rate of 1oC/min from 
room temperature to 4°C. The percentages of motile, viable, acrosome-intact and DNA-
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fragmented spermatozoa in diluted semen were evaluated before cooling and after 8 and 24 
h of storage at 4°C.  

Experiment 2: Effect of extender and temperature on cooled storage of Asian elephant 
spermatozoa 

Semen samples from four bulls were collected in July 2010 (one ejaculate from each 
bull; four ejaculates in total). Each ejaculate was divided into two portions, which were 
diluted with one of the two different extenders, TEST or BullMax® (Gestión Veterinaria 
Porcina, S.L., Madrid, Spain), to a final concentration of 100 x 106 spermatozoa per ml. TEST 
extender was selected as a baseline because it has proven to be one of the better extenders for 
preserving Asian elephant semen during cooled storage (Kiso et al., 2011); BullMax® was 
chosen for comparison because it has been specifically designed to protect spermatozoa 
against DNA damage during storage. Extended samples were further divided into portions to 
be stored at 4°C or 15°C thereby yielding four experimental groups; TEST at 4°C (T4), TEST 
at 15°C  (T15), BullMax® at 4°C (B4) and BullMax® at 15°C (B15). After storage for 0, 24, 
48 and 72 h, the percentages of motile, viable, acrosome-intact and DNA-fragmented 
spermatozoa were analyzed. 

 
Figure 3 Schematic representation of the samples generated to assess susceptibility of stored 
spermatozoa to DNA fragmentation in Experiment 3. From each of the four groups in Experiment 2 
(TEST versus BullMax® extenders: 4oC versus 15oC storage temperatures) aliquots of semen were 
removed after storage for 0, 24, 48 and 72 h, and then incubated at 37oC for 48h. Samples were removed 
and prepared for DNA fragmentation analysis at 0, 4, 8, 24 and 48 h of the 37oC incubation. 

Experiment 3: Dynamics of DNA fragmentation before and after cold storage 

To examine the dynamics of DNA fragmentation in stored spermatozoa, 500 µl 
aliquots of semen from each group (T4, T15, B4 and B15) and at every time point (0, 24, 48 
and 72 h) in experiment 2 were transferred to eppendorf tubes and incubated in a water bath 
at 37°C. Spermatozoa were evaluated for DNA fragmentation after 0, 4, 8, 24 and 48 h of 
this incubation (Figure 3). 
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Statistical Analysis 

Results were analyzed using SPSS 16.0 for Windows (SPSS Inc., Chicago, IL, 
USA). A generalized linear model (GLM) was used to examine the effects of bull, ejaculate, 
storage time, extender, temperature and the interaction between extender and temperature on 
the various parameters of interest. Post-hoc comparison of the effects of storage time was 
performed using Bonferroni tests. Sperm DNA fragmentation dynamics during post-storage 
incubation (experiment 3) were examined by comparing the slopes and intercepts of the 
regression equations between bulls, storage times, extenders and temperatures using analysis 
of covariance (ANCOVA). Slopes that differed significantly indicated differences in the rate 
of change in the %SDF (r-SDF) during incubation at 37oC, while significantly different 
intercepts represented overall differences in the final %SDF (l-SDF). 

Results 

Effect of storage for 24 h at 4oC on semen quality 

Semen quality decreased during storage at 4oC with respect to all of the parameters 
examined (Table 1), although the differences only reached statistical significance (p<0.05) 
after 24 h of storage. Differences between 0 and 24 h (mean ± SEM at 0 versus 24h in each 
case) included decreases in the percentages of motile (32.8 ± 8.4% versus 7.4 ± 2.4%), 
progressively motile (3.8 ± 1.3% versus 0.5 ± 0.2%), viable (75.4 ± 2.6% versus 63.6 ± 
2.7%), and acrosome-intact spermatozoa (70.0 ± 3.9% versus 53.4 ± 4.8%) and an increase 
in the percentage of spermatozoa with fragmented DNA (6.2 ± 1.1% versus 11.3 ± 1.3%). 

 

Table 1 Changes in semen quality parameters for Asian elephant semen (3 ejaculates from each of 4 
bulls) preserved for up to 24h at 4oC. All measures of semen quality declined significantly during 24h 
storage. 

Parameter 
Storage time (n = 12 ejaculates) 

0h 8h 24h 

%Motile 32.8 ± 8.4a 15.0 ± 4.2ab 7.4 ± 2.4b 

%Progressive motile 3.8 ± 1.3a 1.1 ± 0.4ab 0.5 ± 0.2b 

%Viable 75.4 ± 2.6a 72.1 ± 2.4ab 63.6 ± 2.7b 

%Acrosome intact 70.0 ± 3.9a 65.0 ± 4.2ab 53.4 ± 4.8b 

%SDF 6.2 ± 1.1a 8.1 ± 1.5ab 11.3 ± 1.3b 

Values are displayed as mean ± S.E.M. Values in row with the same superscript did not differ significantly (p<0.05). 
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Effect of extender and temperature on semen quality during storage 

As in experiment 1, parameters associated with semen quality such as percentages 
of motile, progressively motile, viable, and DNA-intact spermatozoa declined during the 72 
h incubation (Table 2). However, the rates of decline differed markedly for the different 
parameters. The percentages of motile and progressively motile spermatozoa showed a very 
rapid decrease, with the majority of the decline evident in the first 24 h (p<0.01).  

Table 2 Changes in semen quality parameters for Asian elephant semen (one ejaculate from each of 4 
bulls) stored for up to 72h in TEST or BullMax® extenders at 4oC or 15oC. Mean (± S.E.M.) composite 
values for the two extenders and two storage temperatures. 

Parameter 

Storage time 

(n = 16: 4 ejaculates x 4 storage conditions) 

0h 24h 48h 72h 

%Motile 32.4 ± 5.8a 14.4 ± 3.7b 9.8 ± 3.0b 5.5 ± 1.8b 

%Progressive motile 11.3 ± 3.2a 1.3 ± 0.5b 0.6 ± 0.2b 0.4 ± 0.3b 

%Viable 55.8 ± 3.2a 47.5 ± 3.6ab 43.5 ± 3.7ab 39.1 ± 3.4b 

%Acrosome intact 41.7 ± 5.2 38.4 ± 4.9 34.4 ± 5.0 31.9 ± 4.5 

%SDF 4.8 ± 0.5a 9.3 ± 1.3ab 13.3 ± 1.3b 26.1 ± 2.8c 

Values in the same row with the same superscript did not differ significantly (p< 0.01). 

By contrast, the decrease in the percentage of viable spermatozoa was more gradual 
and only reached statistical significance (p<0.01) after 72 h of incubation, and the %SDF first 
showed a significant increase over initial values at 48h of storage. In the case of acrosome 
integrity, the apparent gradual decline did not reach statistical significance within the 72 h 
storage period. With regard to the effect of extender and incubation temperature, there were 
no noticeable differences in the general semen quality parameters (percentages of motile, 
progressively motile, viable, acrosome-intact and DNA-intact spermatozoa) between TEST 
and BullMax® extenders at 4°C or 15°C during the incubation period (Tables 3 and 4), neither 
was there any effect of the interaction between extender and temperature on the above 
parameters (p>0.5 in all cases). 

One between-extender difference observed subjectively during cooled storage was 
the extent of sperm head agglutination; agglutination was marked in TEST but minimal in 
BullMax®. Closer examination of individual sperm movement, both subjectively and by 
CASA, also revealed between extender differences. After storage for 24-72h in TEST 
extender, the motile spermatozoa displayed vigorous circular movement with wider angles 
of sperm head deviation than for spermatozoa stored in BullMax®.  Indeed, after both 24h 
and 48h VSL and %LIN values for motile spermatozoa in BullMax® were significantly 
higher than for spermatozoa in TEST, whereas VCL and ALH were significantly lower 
(Figure 4).  
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Table 3 Mean (± S.E.M.) for percentages of motile and progressively motile spermatozoa, sperm 
viability, acrosomal integrity and SDF for Asian elephant semen (one ejaculate from each of 4 bulls) 
partitioned between two different extenders; TEST and BullMax® during cold storage (4 oC and 15 oC) 
for 0h, 24h, 48h and 72h. 

Parameter Extender 

Storage time  

(n = 8: 4 ejaculates x 2 temperatures) 

0h 24h 48h 72h 

%Motile TEST 31.3 ± 7.2 17.5 ± 3.8 10.8 ± 4.3 6.4 ± 2.6 

 BullMax® 33.5 ± 9.5 11.4 ± 4.5 8.8 ± 4.4 4.6 ± 2.6 

%Progressive motile TEST 10.8 ± 4.2 0.9 ± 0.5 0.5 ± 0.3 0.1 ± 0.1 

 BullMax® 11.8 ± 5.2 1.6 ± 0.9 0.6 ± 0.4 0.8 ± 0.5 

%Viable TEST 52.5 ± 4.9 45.5 ± 5.4 40.8 ± 5.4 36.6 ± 4.7 

 BullMax® 59.0 ± 4.1 49.5 ± 5.0 46.1 ± 5.3 41.7 ± 4.9 

%Acrosome intact TEST 40.3 ± 8.1 37.5 ± 6.5 32.9 ± 7.0 30.9 ± 5.7 

  BullMax® 43.1 ± 7.0 39.4 ± 7.6 35.9 ± 7.7 32.9 ± 7.3 

%SDF TEST 5.1 ± 0.9 11.6 ± 1.9 14.6 ± 1.6 29.9 ± 3.6 

 BullMax® 4.4 ± 0.6 6.9 ± 1.3 11.9 ± 2.0 22.3 ± 4.0 

Table 4 Mean (± S.E.M.) for percentages of motile and progressively motile spermatozoa, sperm 
viability, acrosomal integrity and SDF for Asian elephant semen (one ejaculate from each of 4 bulls) 
partitioned between two storage temperature; 4oC and 15oC during cold storage for 0h, 24h, 48h and 
72h. 

Parameter Temperature 

Storage time  

(n = 8: 4 ejaculates x 2 extenders) 

0h 24h 48h 72h 

%Motile 4oC 32.4 ± 8.5 13.0 ± 4.4 8.8 ± 3.5 7.9 ± 3.2 

 15oC 32.4 ± 8.5 15.9 ± 6.1 10.8 ± 5.0 3.1 ± 1.3 

%Progressive motile 4oC 11.3 ± 4.7 0.9 ± 0.6 0.4 ± 0.3 0.6 ± 0.5 

 15oC 11.3 ± 4.7 1.6 ± 0.8 0.8 ± 0.4 0.3 ± 0.3 

%Viable 4oC 55.8 ± 4.7 45.7 ± 5.7 40.6 ± 5.6 36.6 ± 4.7 

 15oC 55.8 ± 4.7 49.3 ± 4.7 46.4 ± 5.0 41.6 ± 4.9 

%Acrosome intact 4oC 41.7 ± 7.6 36.5 ± 7.6 31.6 ± 7.6 29.9 ± 6.5 

  15oC 41.7 ± 7.6 40.4 ± 6.5 37.2 ± 7.0 33.9 ± 6.5 

%SDF 4oC 4.8 ± 0.8 9.9 ± 1.7 13.7 ± 1.8 28.4 ± 3.8 

 15oC 4.8 ± 0.8 8.6 ± 2.0 12.8 ± 2.0 23.8 ± 4.1 
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Figure 4 The bar charts present mean motility parameters for cooled-stored elephant spermatozoa; VSL 
(µm/s), VCL (µm/s), ALH (µm) and LIN (%). The first column of graphs illustrates differences between 
the extenders TEST and BullMax®. The right-hand column illustrates differences between storage 
temperatures, 4oC and 15oC. (*) and (**) indicate columns that differ significantly at p<0.01 and 
p<0.05, respectively. 

After 72h storage, the difference in %LIN was no longer significant. There was also 
an effect of storage temperature on individual sperm motility parameters (Figure 4). In 
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particular, spermatozoa stored at 15°C showed higher VSL and %LIN than spermatozoa at 
4°C after storage for 24 and 48h. By contrast, after storage for 72h, the VSL, VCL and ALH 
of motile spermatozoa were all significantly (p<0.01) higher for semen stored at 4°C than 
15°C. In the VAP/LIN scatter plots (Figures 5 and 6), the sperm population in the top right 
quadrant (VAP ≥ 100 µm/s and LIN ≥ 50%; i.e. fast, linear motility) of the plots was 
decreased after 24 h cooled storage in every experimental condition. Over the 24 h period, 
this fast-linear sperm population decreased from 20.1% to 1.4% and from 22.4% to 4.5% of 
the total population in TEST and BullMax® respectively (Figure 5), and from 21.3% to 2.1% 
and 21.3% to 3.4% at 4°C and 15°C, respectively (Figure 6). 

 
Figure 5 A series of scatter plots for linearity (LIN) versus path velocity (VAP) for individual motile 
spermatozoa in elephant semen stored for 0 and 24h, divided on the basis of extender and storage 
temperature; (a) TEST at 0h, (b) TEST at 24h, (c) BullMax® at 0h and (d) BullMax® at 24h.    

DNA fragmentation dynamics in fresh and stored spermatozoa 

In experiment 3, rather than only examining the percentage of spermatozoa 
displaying DNA fragmentation (%SDF) after a given duration of storage (‘static’ test), we 
examined the increase in the %SDF (r-SDF) when the spermatozoa were incubated for a 
further 48 h at 37oC, thereby also indicating changes in the susceptibility to DNA 
fragmentation under the experimental conditions described. While l-SDF (i.e. the final 
percentage of spermatozoa with fragmented DNA) increased significantly (p<0.05) with 
duration of storage, r-SDF (the rate of increase in SDF) did not differ between the various 
storage durations (0, 24, 48 and 72 h; Figure 7). 
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Figure 6 A series of scatter plots of linearity (LIN) versus path velocity (VAP) for individual motile 
sperm in elephant semen stored for 0 and 24h at different temperatures (e) 4oC at 0h, (f) 4oC at 24h, (g) 
15oC at 0h and (h) 15oC at 24h. 

At times 0, 24 and 48h however, the r-SDF (p<0.05) and l-SDF (p<0.01) were 
significantly higher for spermatozoa stored in TEST than for those stored in BullMax®; by 
72h, only the I-SDF differed significantly (p<0.01) between the extenders. When the 
dynamics of sperm DNA fragmentation were compared between storage temperatures, no 
differences were detected for storage durations of up to 48h. After 72h of storage, however, 
the l-SDF was significantly (p<0.01) higher at 4°C than at 15°C (Figure 7). In addition, when 
the various combinations of storage temperature and extender type were compared, it 
transpired that l-SDF at 4°C was significantly (p<0.05) higher than at 15°C when 
spermatozoa were stored in TEST for 24 or 72h (Figure 8). For BullMax®, the l-SDF at 4°C 
tended (p=0.07) to be higher than at 15°C only after 72h of storage (Figure 8). 
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Figure 7 A series of graphs to show the results of the dynamic test of sperm DNA stability for elephant 
spermatozoa stored in two different extenders at two different temperatures; TEST versus BullMax® 
(a-d) and 4oC versus 15oC (e-h). For the dynamic evaluation, semen was incubated at 37oC for 48 h and 
samples were taken to analyze %SDF at 0, 4, 8, 24 and 48 h of incubation. The series were separated 
into the different durations of cooled storage; (a),(e) 0h; (b),(f) 24h; (c),(g) 48h; (d)(h) 72h. 

Individual bull and ejaculate effects on semen quality 

In experiment 1, GLM analysis failed to show any significant bull effect on semen 
quality parameters, although there was a clear effect of ejaculate on all parameters examined 
(p<0.05). By contrast, GLM analysis of semen quality in experiment 2 did indicate a bull 
effect for all semen quality parameters examined (p<0.01). Similarly, examination of SDF 
data for a possible bull effect indicated that both r-SDF and l-SDF differed significantly 
(p<0.01 and p<0.05, respectively) between bulls. In fact, this ‘bull effect’ transpired to be 
due entirely to a different pattern of increase in the %SDF for bull 4 (p<0.01) compared to 
all other bulls (Figure 9). The dynamics of SDF for bull 4 started to differ from the other 
bulls in the period between 8 h and 24 h of incubation at 37oC, when a much more rapid 
increase in sperm damage became apparent (Figure 9). 
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Figure 8 A series of graphs to show the results of the dynamic test of DNA stability for elephant semen 
stored in 4 different ways; TEST extender at 4oC (T4), TEST at 15oC (T15), BullMax® extender at 4oC 
(B4) and BullMax® at 15oC (B15). For the dynamic evaluation, semen was incubated at 37oC for 48 h 
and samples were recovered to analyze %SDF at 0, 4, 8, 24 and 48 h. These series were separated 
depending on the duration of cooled storage; (a) 0h, (b) 24h, (c) 48h and (d) 72h. In (a), samples were 
recovered for sperm DNA analysis before being divided for cooling. 

 
Figure 9 A graph of the differences between elephant bulls in the rate of change in the percentage of 
spermatozoa with fragmented DNA (%SDF) during incubation at 37oC. The change in %SDF for bull 
4 differed significantly (p<0.05) to the other bulls between 8 and 48 h. 

(*) indicates when the %SDF for Bull 4 differed significantly (p<0.05) to all other bulls.  

(**) indicates when the %SDF for Bull 4 differed (p<0.05) only to Bull 2. 

(***) indicates when the %SDF for Bull 4 and Bull 2 differed significantly (p<0.05) from each other, 
and from all other bulls. 
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Discussion 

Experiment one demonstrated that Asian elephant semen decreases significantly in 
quality during storage in TEST extender for 24 hours at 4oC, with respect to the percentages 
of spermatozoa that are viable, motile and have an intact acrosome. This finding was 
confirmed in experiment 2, and found to apply equally to spermatozoa stored for 24-72 h at 
either 4oC or 15oC and in either TEST or BullMax® extender. It was, however, also apparent 
that the time-dependent decrease in the percentage of motile and, in particular, progressively 
motile spermatozoa was considerably more rapid and profound than those in the percentages 
of viable and acrosome-intact spermatozoa. In addition, it was apparent that an increase in 
the percentage of spermatozoa with fragmented DNA was also primarily a phenomenon of 
longer storage durations (48-72 h). The low initial, and subsequent rapid decrease in, sperm 
motility during cooled storage of Asian elephant spermatozoa have been reported previously 
(Graham et al., 2004: Kiso et al., 2011), and prompted Graham et al. (2004) to propose that 
the plasma membrane around the mitochondria and tail, which play important roles in sperm 
motility, may be more sensitive to the detrimental effects of cold than the plasma membrane 
around the head of the spermatozoa, as a result of regional differences in composition (Ladha, 
1998). Whatever the underlying reason, it was clear that while the percentage of motile 
spermatozoa was initially low and decreased rapidly during cold storage, the percentages of 
viable, acrosome-intact and DNA-intact spermatozoa were affected to a lesser degree, We 
would therefore  advise against using the percentage of motile spermatozoa as the sole 
criterion for assessing the quality of stored Asian elephant semen, since it is quite possible 
that motility would recover after the addition of bicarbonate (Holt and Harrison, 2002), a 
compound known to be present at high concentrations in uterine and oviductal luminal fluids 
(Liu et al., 2012).  

On the other hand, sperm movement characteristics as determined by CASA can 
give valuable information about sperm activation status and fertilizing potential (Farrell et 
al., 1998). In experiment 2, while baseline semen quality parameters did not differ between 
treatments, some aspects of sperm movement did. In particular, VCL and ALH were higher, 
and VSL and %LIN lower, for spermatozoa stored in TEST than in BullMax®. Although 
these data apply only to the motile spermatozoa (and therefore a small proportion of the total), 
this may suggest that spermatozoa that retained motility during storage in TEST were more 
likely to show hyper-activated motility, an indicator of capacitation, than those stored in 
BullMax®; sperm hyper-activation is likewise characterized by decreases in VSL and %LIN 
accompanied by increases in VCL and ALH (Mortimer and Maxwell, 1999). While sperm 
hyperactivation as measured by CASA has been reported to be a useful indicator of fertilizing 
capacity during in vitro fertilization (De Geyter et al., 1998), it is not clear whether higher 
percentages of spermatozoa with hyperactivated-like motility during storage in TEST would 
be beneficial or detrimental (e.g. by reducing longevity in the female tract) to fertility post-
AI. Similarly, while storage temperature had no clear effect on percentages of (progressively) 
motile spermatozoa, individual sperm motility patterns did show some differences. While 
VSL and %LIN of spermatozoa were higher after 24 and 48h for semen stored at 15oC, after 
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72 h of storage the direction of the differences were reversed (i.e. higher in semen stored at 
4oC). While correlations between sperm motility parameters and fertility have been described 
for several species (Jasko et al., 1992; Larsen et al., 2000; Liu et al., 1991), it is difficult to 
interpret these findings for elephants because of the low absolute percentages of spermatozoa 
that retain motility during storage.    

In both Experiments 1 and 2, the DNA fragmentation index increased significantly 
over time during cooled storage at either 4oC or 15oC. This increased instability of sperm 
DNA during storage was detected by a static test (i.e. performed immediately after removing 
spermatozoa from storage conditions). The increase in percentage of spermatozoa showing 
DNA fragmentation (i.e. the static test) during storage is comparable to other species, 
including the horse and sheep (López-Fernández et al., 2007, 2008).In experiment 3, sperm 
DNA stability assessment was augmented by a dynamic test, i.e. the increase in DNA 
fragmentation when spermatozoa were incubated for 48h at 37oC. With regard to the dynamic 
assessment of sperm DNA susceptibility to fragmentation under conditions of thermal stress, 
in various mammalian species this has proven to be more predictive of fertility than the static 
test, possibly because the conditions better mimic those to which spermatozoa are exposed 
in the female reproductive tract after insemination but prior to fertilization. In the current 
study with Asian elephant spermatozoa, interesting between-individual differences in the rate 
of sperm DNA fragmentation during incubation at 37oC were observed, just as previously 
reported for stallions, rams, men and boars (Gosálvez et al., 2009; López-Fernández et al., 
2007, 2008; Pérez-Llano et al., 2010). Thus, although static sperm DNA fragmentation 
indices during cooled storage for up to 72 h did not differ between treatments, it may be 
significant that the dynamic response at 37oC (i.e. rate of increase in %SDF) did differ. 
Specifically, the rate of increase in sperm DNA fragmentation was lower in BullMax® than 
in TEST. It seems possible that in elephants as in boars (Fraser and Strzeżek, 2004; Pérez-
Llano et al., 2006) semen extender may influence the susceptibility of spermatozoa to DNA 
damage during storage. As the sperm DNA fragmentation rate is related to the number of 
cysteine residues in Protamine 1 in the sperm DNA, the fact that the elephant has the lowest 
number of cysteine residues reported for eutherian mammals means that it has a high 
predicted susceptibility to sperm DNA fragmentation (Gosálvez et al., 2011). 

Interestingly, the SDF for one bull (bull 4) reached higher levels than for other bulls 
after incubating spermatozoa at 37oC for 24 and 48 h; this was associated with a higher rate 
of increase in SDF over time (P<0.05) than for the other bulls., Surprisingly, bull 4 also 
demonstrated the highest values for percentages of motile spermatozoa after storage. In other 
species, considerable variation between males and/or ejaculates with regard to levels of 
sperm DNA fragmentation, or susceptibility to fragmentation have also been reported 
(López-Fernández et al., 2007, 2008; Pérez-Llano et al., 2010). It is worth noting that because 
there are few adult bulls in the captive Asian elephant breeding population, maintaining as 
many individuals as possible in the breeding population is important in terms of preserving 
genetic diversity. The use of high sperm motility as a criterion for selecting males for semen 
banking is therefore unwise because it would restrict the genetic basis of the population. 
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Since the mean sperm motility in this group of Asian elephants was 20-30 % in 2004 
(Thongtip et al., 2008a) and 11% in 2009 (Imrat et al., 2012), it would difficult to maintain a 
broad genetic basis while rejecting all ejaculates / bulls that do not meet motility criteria. 

In summary, while the quality of Asian elephant bull semen does decrease markedly 
during cooled storage, using sperm motility as the sole indicator of semen quality may be 
misleading when selecting bulls, extenders or storage conditions for suitability in an AI 
program. Although it is also not clear how the dynamic DNA-damage test relates to fertility 
in the elephant, the results of this study do highlight the need to consider additional semen 
quality parameters when trying to establish protocols for semen storage and fertility 
prediction. In addition, while there are effects of bull/ejaculate, extender and storage 
temperature on the ability of Asian elephant bull spermatozoa to withstand cooled-storage, 
more information is required on whether elephant spermatozoa that become immotile can be 
stimulated to move again by the conditions prevalent in the female reproductive tract, and 
how well the various parameters for semen quality or damage correlate with fertilizing 
potential. 
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Abstract 

Semen cryopreservation and artificial insemination (AI) are potentially valuable 
methods for supporting the breeding management of endangered species like the Asian 
elephant. Cryopreservation of Asian elephant semen has however proven problematic with 
respect to maintenance of both adequate semen quality and fertility post-thaw. In this study, 
nine ejaculates from three adult bulls were used to compare the influence of extender (TEST 
versus INRA96®) and penetrating cryoprotectants (3% glycerol, 5% glycerol and 4% 
methylformamide) on post-thaw semen quality. We demonstrate that not only the freezing 
process, but also the quality of the semen before freezing, significantly influences the 
freezability of Asian elephant semen. Pre-freeze motility, viability, semen volume, semen 
pH, sperm concentration and the incidence of sperm mid-piece and tail abnormalities all 
significantly (p<0.05) affected post-thaw semen quality. While extender and cryoprotectant 
did not significantly affect any of the above semen quality parameters post-thaw, the skim-
milk based extender (INRA96®) preserved DNA integrity better (p<0.05) than the egg yolk 
extender (TEST). Considerable between-ejaculate variation in all post-thaw semen quality 
parameters was also noted. It is concluded that strict criteria for semen quality is essential for 
the selection of Asian elephant bull ejaculates suitable for cryopreservation; stricter initial 
selection should improve the mean post-thaw quality. 

 

Keywords: semen cryopreservation; freezability; Asian elephant semen; semen quality       
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Introduction 

In1972 the Convention on International Trade in Endangered Species of wild fauna 
and flora (CITES) listed the Asian elephant (Elephas maximus indicus) in Appendix I; in 
2012 the International Union of Conservation of Nature (IUCN) again included this species 
in the endangered group of the Red List of Threatened Species, reflecting its continued 
vulnerability to extinction in the wild. Although captive populations have been established 
and maintained, they are not currently considered sustainable due to a combination of factors, 
including the risk of inbreeding within the geographically isolated populations, low fertility, 
unbalanced sex ratios and high infant mortality. Artificial insemination (AI) techniques have 
been developed in an attempt to facilitate genetic management (Saragusty et al., 2009; 
Thongtip et al., 2009), and are relatively successful when using fresh or chilled semen 
(Schmitt et al., 2001). In addition, African elephant semen has been cryopreserved 
successfully, and this encouraged attempts to cryopreserve Asian elephant semen using the 
same extenders. Unfortunately, the post-thaw quality of cryopreserved Asian elephant semen 
proved to be very low, and relatively few bulls were capable of providing semen able to 
adequately survive the freezing process (Graham et al., 2004; Thongtip et al., 2004; Sa-Ardrit 
et al., 2006; Saragusty et al., 2009). While post-thaw semen quality depends on a variety of 
factors, fresh semen quality is used as one of the primary indicators of suitability for semen 
cryopreservation in many species; in particular, the percentage of motile sperm is a widely 
used criterion for selecting semen samples prior to freezing (Isachenko et al., 2004; Saragusty 
et al., 2009; Akhter et al., 2010; Stoops et al., 2010). In some species (e.g. the dog), however, 
it has been reported that the percentage of progressively motile and morphological normal 
spermatozoa in fresh semen do not correlate well with the percentage of motile sperm post-
thaw (Nöthling et al., 1997). On the other hand, semen volume, sperm concentration and the 
percentage of morphologically normal sperm in fresh ejaculates have been proposed as useful 
parameters for selecting (caprine) semen samples for freezing (Dorado et al., 2010), and the 
same authors also reported that the percentages of motile sperm and sperm with abnormal 
morphology, in particular acrosome damage, in fresh semen were the best predictors of 
suitability for freezing (Dorado et al., 2009). Similarly, the proportion of spermatozoa with 
damaged plasma membranes (often termed “non-viable”) in fresh semen has been reported 
to best predict the proportion of stallion spermatozoa with membrane damage after freezing 
and thawing (Vidament et al., 1998). However, the most informative fresh semen parameters 
for predicting post-thaw semen quality may well differ between species. 

Extender composition is another factor that plays a significant role in the success of 
sperm cryopreservation (Salamon and Maxwell, 2000). In general, the components of a 
sperm cryopreservation extender include a non-permeating cryoprotectant, a penetrating 
cryoprotectant, a buffer, one or more sugars, salts and antibiotics (Evans and Maxwell, 1987). 
The earliest reports on the cryopreservation of Asian elephant sperm described the use of 
egg-yolk as the non-permeating cryoprotectant and glycerol as the penetrating cryoprotectant 
(Thongtip et al., 2004; Saragusty et al., 2009). Recent studies have indicated that skim-milk 
powder is an equally effective non-permeating cryoprotectant for Asian elephant sperm 
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(Saragusty et al., 2009). Although glycerol is a widely used, and useful, permeating 
cryoprotectant for sperm cryopreservation, several authors have reported toxic or apparently 
contraceptive effects of glycerol included in the inseminate (reviewed by Fahy et al., 1990). 
The results from pilot fertility trials in stallions indicated that using amides as penetrating 
cryoprotectants may help to avoid the postulated contraceptive effects of higher 
concentrations of glycerol. Due to their lower viscosity and low molecular weight, the amides 
may also inflict less osmotic damage on spermatozoa (Alvarenga et al., 2005). 

The aim of the current study was to examine the influence of fresh semen quality 
and extender composition on the ability of Asian elephant spermatozoa to survive 
cryopreservation. Semen volume, pH and concentration and the percentages of motile, viable, 
and morphologically normal spermatozoa were analyzed in fresh semen and used to 
categorize ejaculates into quality groups. TEST (egg-yolk based) and INRA96® (skim-milk 
based) extenders in combination with glycerol or methylformamide (an amide) as 
cryoprotectant were used to evaluate the relative effects of different types of non-permeating 
and permeating cryoprotectants on the ability of sperm to survive cryopreservation. 
Following freezing and thawing, the DNA fragmentation index, and the dynamics of DNA 
fragmentation were also evaluated, using the sperm chromatin dispersion test. As sperm DNA 
stability tends to be disturbed during or after cryopreservation, especially in terms of the 
dynamics of sperm DNA fragmentation (SDF) (Lopez-Fernandez et al., 2007; 2008), SDF is 
considered to be a very informative parameter for assessing post-thaw semen quality. The 
sperm chromatin dispersion test involves an uncomplicated and inexpensive protocol for SDF 
(de la Torre et al., 2007) such that this test is appropriate for use with wild animal species. 
Finally, analyses were performed to determine which pre-freeze characteristics best predicted 
adequate freezability.  

Materials and methods 

Chemicals 

All reagents were purchased from Sigma Chemical Company (Sigma, St. Louis, 
MO, USA) unless otherwise stated. 

Semen collection and evaluation 

Semen was collected from seven Asian elephant bulls (Elephas maximus indicus) 
during October 2009 – January 2010 at the National Elephant Institute (NEI), Lampang, 
Thailand (latitude 18o21.60’N and longitude 99o14.92’E). During the semen collection period 
bulls were not used for natural breeding. Semen collection was performed by per rectum 
massage of the ampullae as described by (Schmitt and Hildebrandt, 1998). The semen was 
recovered into sequential 50-ml tubes covered with an opaque cloth bag and attached to a 
long stick for ease of handling. Immediately after collection, each ejaculate was evaluated 
for volume, pH, sperm concentration, and the percentages of motile, viable and 
morphologically normal and abnormal sperm. 



Effect of pre‐freeze semen quality 

73 | P a g e  

Sperm concentration was assessed using a haemocytometer (Bane, 1952), and the 
percentage of motile sperm was evaluated using a phase-contrast microscope at a 
magnification of x200 to examine a standardized 10 µl drop of semen pipetted onto a pre-
warmed (38ºC) glass slide and covered with a cover-slip  Sperm viability was estimated using 
eosin-nigrosin staining (Björndahl et al., 2003), and only ejaculates with more than 50% 
viable sperm and no evidence of urine contamination (colour, smell, pH) were used for the 
cryopreservation studies. From the seven bulls initially included in this study, we obtained a 
total of 28 ejaculates; however, using the above criteria only 9 ejaculates from 3 bulls (3 
ejaculates from each of 3 bulls) were considered to be of sufficient quality for 
cryopreservation.  

Sperm morphology was evaluated using a protocol developed by Sarder (2008). 
Smears of fresh semen were air-dried and fixed in absolute alcohol for 3 min and then stained 
with William’s stain for 5 min. The William’s stain was prepared from stock solutions I, II 
and III. Stock solution I consisted of 10 g basic fuchsin and 95% alcohol. Stock solution II 
was a saturated bluish eosin in 95% alcohol. Stock solution III consisted of 10 ml stock 
solution I and 170 ml of 5% phenol. 25 ml of Stock solution II and 50 ml of stock solution 
III were mixed to produce the final staining solution, which was filtered before use (Sarder, 
2008). After staining, the slides were washed in running tap water, dried and examined using 
bright field light microscopy at a magnification of x1000. 200 spermatozoa per sample were 
examined for primary (head abnormality) and secondary sperm abnormalities (mid-piece 
abnormality and tail abnormality), or classified as having normal morphology.  

Extenders and cryoprotectants 

Two extenders were selected for this study; INRA96®, a skimmed milk based 
extender (IMV Technologies, L’Aigle, France), and TEST an egg yolk based extender 
(Thongtip et al., 2004). INRA96® is a commercial extender used for both chilled and frozen 
storage of sperm. The INRA96® was supplemented with 2% (v/v) egg yolk as described by 
Pillet et al. (2008). The permeating cryoprotectants trialed were 3% glycerol, 5% glycerol 
and 4% methylformamide. Combination of the 2 extenders with the 3 cryoprotectants 
resulted in 6 freezing media that were tested in this experiment; INRA96® + 3% glycerol, 
INRA96® + 5% glycerol, INRA96® + 4% methylformamide; TEST + 3% glycerol, TEST + 
5% glycerol and TEST + 4% methylformamide. 

Semen freezing and thawing 

Each ejaculate was divided and treated with all six freezing media. Freezing and 
thawing was performed as described previously by Thongtip et al. (2004). In short, fresh 
semen was diluted with TEST or INRA96® to a concentration of 100 x 106 spermatozoa per 
ml immediately after collection. The diluted semen was cooled to 5 ºC at 1 oC/min in a 
cooling cabinet. Subsequently, an equal volume of extender containing twice the desired final 
concentration of cryoprotectant (i.e. 6% glycerol, 10% glycerol or 8% methylformamide) 
was divided into four parts that were added stepwise at 15 minute intervals to the diluted 
semen, at 5 ºC. After complete addition of the freezing extender, the diluted semen (with a 
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final concentration of 50 x 106 spermatozoa per ml) was incubated in a cooling cabinet for a 
further 1 hour, before the equilibrated semen was loaded into 0.5 ml plastic straws (Kruuse, 
Ltd., Leeds, UK). The straws were sealed with sealing powder (ARSTM, Chino, CA, USA) 
and placed on a stainless steel rack that was suspended at 2.5 cm above liquid nitrogen in a 
polystyrene box for 10 min. At the end of the 10 min period in nitrogen vapour, the straws 
were plunged into liquid nitrogen and stored.  

Post-thaw evaluation 

Semen samples were thawed (four straws at a time) by immersing them in a 37 ºC 
water bath for 30s; the semen from 4 straws from a single bull-extender-cryoprotectant 
combination was pooled for subsequent analysis. One milliliter of the sample was used for 
assessment of viability and acrosome integrity, while the other 1 ml was diluted 1:1 (v:v) 
with the original extender (without permeating cryoprotectant); INRA96® or TEST. During 
evaluation, thawed semen was maintained in a water bath at 37 ºC.  

Post-thaw sperm motility was assessed subjectively by examining a 10 µl droplet of 
the diluted sample pipetted onto a glass slide and covered with a cover-slip, using a phase-
contrast microscope at a magnification of x200. Post-thaw sperm morphology analysis was 
performed, as previously, on a thin smear of the diluted sample stained with William’s stain. 
The remainder of the diluted part of the sample was incubated in a water bath at 37 ºC and 
sub-samples were taken for DNA fragmentation analysis after incubation for 0, 4, 8, 24 and 
48 h. DNA fragmentation (SDF%) was analyzed using the SPERM-HALOMAX® kit 
(Chromacell SL, Madrid, Spain) for sperm chromatin dispersion as described previously 
(Imrat et al., 2012a); the time points were chosen specifically to examine the dynamics of 
DNA fragmentation as an additional ‘stress test’ for sperm quality. 

Sperm viability and acrosome integrity were assessed using a modification of the 
flow cytometric technique described by Thongtip et al. (2004). Briefly, 1 ml of the undiluted 
thawed sample was mixed with 1 ml of Hepes-buffered modified Tyrode’s medium (SP-
TALP; 116 mM NaCl, 20 mM Hepes (pH 7.58), 5.0 mM Glucose, 3.1 mM KCl, 0.4 mM 
MgSO4•7H2O, 21.7 mM lactate, 0.3 mM NaH2PO4•H2O, 1 mM sodium pyruvate, 2.0 mM 
CaCl2, and 3mg/ml BSA; pH 7.4; osmolarity of 300 mOsm/kg) and centrifuged at 500 g for 
10 min at room temperature. The sperm pellet was resuspended with SP-TALP and 
centrifuged again. The sperm pellet was again resuspended in 1 ml of SP-TALP and adjusted 
to a concentration of 50 x 106 spermatozoa/ml. For fluorescent labeling, 440 µl of the sperm 
suspension was mixed with 10 µl of 1.25 mg/ml Propidium Iodide (PI) and 50 µl of 0.1 mg/ml 
Fluorescein isothiocyanate (FITC)-conjugated peanut agglutinin (PNA; Arachis hypogaea) 
(FITC-PNA) and incubated at 37ºC for 30 min in a light-tight box. Before flow cytometric 
analysis, the stained samples were filtered through a 41 mm nylon mesh (Spectrum, Los 
Angeles, CA) to remove cell debris and extender particles. 

Stained sperm suspensions were examined using a FACS vantage flow cytometer 
(Becton Dickinson, San Jose, CA) as described by Thongtip et al. (2004). The two dyes were 
excited in the flow cytometer using a 488-nm argon ion laser (Coherent Innova, Palo, Alto, 
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CA) with 80 mW laser power. Nonviable spermatozoa would be PI positive and their red 
fluorescence signal could then be detected using fluorescence detector 2 (FL2) with a 560 
nm short-pass dichroic mirror in the emission pathway, and measured using a band-pass filter 
of 575/15 nm. Acrosome damaged spermatozoa would become FITC-PNA positive and the 
resulting green fluorescence could be detected using fluorescence detector 1 (FL1), and 
measured using a band-pass filter of 530/30 nm. Non-sperm events were gated out of the 
analyses on the basis of the forward scatter (FSC) and side scatter (SSC) properties that 
indicated particles with the size and granularity of sperm cells, respectively (scatter-gated 
sperm analysis). 10000 events from each sample were recorded at 500-1000 events/s and 
analysed using WinMDI version 2.8 (J. Trotter, http://facs.scripps.edu /software.html). 

Statistical analysis 

Coefficients of Variation (CV) for the data for fresh semen parameters was 
calculated using the equation: CV = Standard Deviation (S.D.)/Mean. To analyze the 
predictive value of fresh semen parameters on post-thaw semen quality, simple and multiple 
linear regression analyses were used. Fresh semen parameters were set as independent 
variables (X variables) and post-thaw semen parameters were used as dependent variables 
(Y variables). Normality of distribution of X and Y variables and residual of regression 
models were analyzed using the Kolmogorov-Smirnov test. Logarithmic transformation was 
used when X and/or Y variables did not show a normal distribution and the residuals did not 
show the homoscedasticity. In this respect, the fresh semen volume data and the post-thaw 
mid-piece abnormality data were log transformed. After transformation, the post-thaw 
percentage of motile sperm did not meet the normality criteria and therefore logistic 
regression was used to test the predictive value of fresh semen parameters on the absence 
(0% motility) or presence (>0% motility) of sperm movement post-thaw. Alkaline 
Information Criterion (AIC) and 2 Log Likelihood (using the Hosmer and Lemeshow test) 
were used as criteria in linear and logistic regression analyses, respectively, for choosing the 
best model for regression. A generalized linear model (GLM) was used to examine the effects 
of bull, ejaculate, extender, cryoprotectant and the interaction between extender and 
cryoprotectant on post-thaw semen parameters, with the exception of post-thaw motility. 
Kruskal-Wallis’ test was used for comparing post-thaw motility results between bulls, 
ejaculates and the six freezing media (INRA96® + 3% glycerol, INRA96® + 5% glycerol, 
INRA96® + 4% methylformamide; TEST + 3% glycerol, TEST + 5% glycerol and TEST + 
4% methylformamide). The Y-axis intercepts and the slope of the DNA fragmentation 
dynamic curves were calculated from the regression equation (X=time during 37oC 
incubation, and Y=SDF %). The Y-axis intercepts of the DNA fragmentation curves were 
taken to indicate overall differences in the incidence of sperm DNA fragmentation (l-SDF), 
whereas differences in the slope of the line indicated differences in the rate (dynamics) of 
sperm DNA fragmentation (r-SDF) during incubation at 37ºC. All statistical tests were 
performed using SPSS 17.0 for Windows (SPSS Inc., Chicago, IL, USA). 

 



Chapter 4 

76 | P a g e  

Results 

Fresh semen 

Descriptive data for fresh semen quality are presented in Table1. None of the 
ejaculates presented sperm head defects and this parameter is therefore not displayed in the 
table. Differences were apparent between and within bulls for most parameters, in particular 
for semen volume, and the percentages of motile spermatozoa and tail abnormalities (over 
all CV = 1.32, 0.70 and 0.83, respectively). Low deviation between and within bulls was 
apparent for pH and the percentage of sperm with normal morphology (overall CV = 0.07 
and 0.09, respectively). While the percentage of viable spermatozoa from all selected 
ejaculates was higher than 50% (by definition since this was a selection criterion), the 
percentage of motile spermatozoa achieved a similar threshold for only three of the nine 
ejaculates (B1.3, B3.2 and B3.3). By contrast, the percentage of spermatozoa with normal 
morphology was consistently high (>70%) in all ejaculates.   

Post-thaw semen quality 

Effect of fresh semen parameters on post-thaw semen quality 

Table 2 shows the significant (p<0.05), but mostly weak, relationships between 
fresh semen parameters and post-thaw semen quality (one independent variable) detected 
using regression tests. The percentage of motile sperm in fresh semen significantly influenced 
the percentage motile post-thaw (R2 = 0.40) but showed only weak relationships with 
viability (R2 = 0.07), live spermatozoa with intact acrosomes (R2 = 0.08), normal morphology 
(R2 = 0.27) and tail abnormalities (R2 = 0.25). Fresh semen volume had similar and significant 
relationships with the percentage of viable spermatozoa post-thaw (R2 = 0.27), live 
spermatozoa with intact acrosomes (R2 = 0.27), and mid-piece abnormalities (R2 = 0.28), but 
was largely uncorrelated with the DNA fragmentation effects; r-SDF (R2 = 0.11) and l-SDF 
(R2 = 0.19). Fresh semen pH significantly affected the percentage of motile spermatozoa 
post-thaw (R2 = 0.17), viable spermatozoa (R2 = 0.11), live spermatozoa with intact 
acrosomes (R2 = 0.11), mid-piece abnormalities (R2 = 0.09) and l-SDF (R2 = 0.26). 
Unexpectedly, the percentage of motile sperm in fresh semen (R2 = 0.25) was positively 
correlated with the percentage of tail abnormalities post-thaw and was negatively correlated 
with the percentage of sperm with normal morphology post-thaw (R2 = 0.27). 
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Table 2 Results of simple regression analysis using p<0.05 and fresh semen parameters as independent 
variables (X) and post-thaw semen parameters as dependent variables (Y). The direction of the 
regression slope is shown together with the p-value as positive (+) or negative (-). 

Post-thaw (Y) Fresh (X) R square F p-value 

% Motile* pH 0.168 9.942 0.002 (-) 

 Motile 0.403 27.853  0.000 (+) 

% Viable Volume** 0.271 19.356 0.000 (-) 

 pH 0.109 6.388 0.015 (+) 

 Concentration 0.117 6.87 0.011 (-) 

 Motile 0.073 4.099 0.048 (+) 

 Viable 0.095 5.467 0.023 (+) 

% Live, acrosome intact Volume** 0.274 19.579 0.000 (-) 

 pH 0.113 6.624 0.013 (+) 

 Concentration 0.115 6.787 0.012 (-) 

 Motile 0.078 4.385 0.041 (+) 

 Viable 0.098 5.646 0.021 (+) 

% Normal morphology Motile 0.266 18.887 0.000 (-) 

 Mid-piece abnormality 0.104 6.042 0.017 (+) 

% Mid-piece  Volume** 0.275 19.359 0.000 (-) 

    abnormality** pH 0.094 5.321 0.025 (+) 

 Mid-piece abnormality 0.130 7.654 0.008 (+) 

% Tail abnormality Concentration 0.094 5.418 0.024 (-) 

 Motile 0.247 17.072 0.000 (+) 

 Viable 0.086 4.914 0.031 (+) 

 Mid-piece abnormality 0.099 5.725 0.020 (-) 

% Detached head Viable 0.212 13.980 0.000 (-) 

 Normal morphology 0.226 15.217 0.000 (-) 

 Tail abnormality 0.261 18.357 0.000 (+) 

r-SDF  Volume** 0.113 6.629 0.013 (-) 

l-SDF  Volume** 0.189 12.098 0.001 (-) 

 pH 0.264 18.621 0.000 (+) 

 Concentration 0.087 4.946 0.031 (+) 

*Only %motile post-thaw was examined using logistic regression analysis; R square ~ Cox & Snell R2 and F ~ Chi-

square. **%mid-piece abnormality in post-thaw semen and fresh semen volume were transformed using logarithmic 

function before analysis by simple regression.   
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 The best models (Tables 3 and 4) for predicting the various post-thaw semen quality 
parameters appeared to involve more than one fresh semen parameter (more than one 
independent variable) in the model, even though some fresh semen parameters included in 
the model had not previously been significantly related to post-thaw semen quality. The best 
model (R2 = 0.51) for predicting post-thaw motility involved fresh semen pH, the percentage 
of motile sperm in fresh semen, sperm viability, and the percentage of detached heads. The 
probability of the presence of post-thaw motility (post-thaw (P-T) motility > 0%) could be 
predicted from the following equation; 

P (P-T motile > 0%) =     e[26.527 - 3.04(fresh pH) + 0.135 (fresh % motile) - 0.117(fresh % viable) + 0.007(fresh % detached head)] 

                                      1+ e[26.527 - 3.04(fresh pH) + 0.135 (fresh % motile) - 0.117(fresh % viable) + 0.007(fresh % detached head)]  

where e is the base of natural logarithms, i.e. approximately 2.71828. 

Several regression models were generated from the data presented here. 

The post-thaw percentages of viable sperm and live spermatozoa with an intact 
acrosome could best be predicted using models including fresh semen volume, concentration 
and the percentage of viable sperm pre-freeze (R2 = 0.44): i.e. post-thaw viablity % = 17.384 
– 7.605(log fresh volume) – 0.004(fresh concentration) + 0.089(% viable); and % post-thaw 
live spermatozoa with intact acrosome = 17.1 – 7.647(log fresh volume) – 0.004(fresh 
concentration) + 0.092(% viable).  

For predicting post-thaw percentage of sperm with normal morphology (R2 = 0.41) 
the best model was: post-thaw % morphologically normal sperm = 48.121 + 0.008(fresh 
concentration) – 0.272(fresh % motile) + 5.502(fresh % mid-piece abnormality; for sperm 
with tail abnormalities (R2 = 0.39) the best model was: post-thaw tail abnormality % = 43.285 
– 0.008(fresh concentration) + 0.26(fresh % motile) – 5.398(fresh % mid-piece abnormality). 

In addition the post-thaw percentage of sperm with mid-piece abnormalities could 
be predicted using fresh semen volume and percentage of sperm with mid-piece 
abnormalities in fresh semen using the model (R2 = 0.37): log (post-thaw mid-piece 
abnormality %) = 0.569 – 0.424(log fresh volume) + 0.129(fresh % mid-piece abnormality). 
The combination of pre-freeze sperm motility, viability and normal morphology was a good 
model (R2 = 0.44) to explain the percentage of detached sperm heads after freezing = 26.178 
+ 0.076(fresh % motile) – 0.219(fresh % viable) – 0.096(fresh % normal morphology).  

Two fresh semen parameters (semen volume and percentage of motile spermatozoa) 
were combined for the best model to predict post-thaw r-SDF (R2 = 0.22); i.e. post-thaw r-
SDF = 2.143 – 0.424(log fresh volume) – 0.006(fresh % motile). The best model for 
predicting post-thaw l-SDF (R2 = 0.49) incorporated fresh semen volume, pH, sperm 
concentration and the percentage of sperm with mid-piece abnormalities in fresh semen; i.e. 
post-thaw l-SDF = – 69.356 + 1.775(log fresh volume) + 14.301(fresh pH) + 0.007(fresh 
concentration) + 5.008(fresh % mid-piece abnormality). 



Chapter 4 

80 | P a g e  

Table 3 The best-fit model from the logistic regression for predicting percentage of motile spermatozoa 
post-thaw. This model used fresh semen parameters as predictors (independent variables). 

Post-thaw parameter Best model Cox & 
Snell R2 Chi-square p-value 

% Motile 
pH, % Motile, % Viable, 

% Detached head 0.511 38.645 0.000 

  

Table 4 The best-fit models from the multiple linear regressions for predicting post-thaw semen 
parameters, with the exception of the percentage of motile spermatozoa. These models used fresh semen 
parameters as predictors (independent variables). 

Post-thaw parameter Best model R square F p-value 

% Viable Volume*, Conc.**,      
% Viable 

0.437 12.928 0.000 

% Live, acrosome intact Volume*, Conc.**,      
% Viable 

0.439 13.057 0.000 

% Normal morphology Conc.**, % Motile,      
% Mid-piece abnormal 

0.408 11.483 0.000 

% Mid-piece abnormality* Volume*, % Mid-piece 
abnormal 

0.372 14.836 0.000 

% Tail abnormality Conc.**, % Motile,      
% Mid-piece abnormal 

0.385 10.419 0.000 

% Detached head % Motile, % Viable,    
% Normal morphology 

0.441 13.157 0.000 

r-SDF  Volume*, % Motile 0.223 7.303 0.002 

l-SDF  Volume*, pH, Conc.**, 
% Mid-piece abnormal 

0.487 11.647 0.000 

* % mid-piece abnormal in thawed semen and fresh semen volume were logarithmically transformed before analysis 

by multiple linear regression. 

** Conc. is sperm concentration of fresh semen 

Effect of extenders and cryoprotectants 

The percentages of motile, viable and morphologicaly normal sperm, live 
spermatozoa with intact acrosomes and sperm with mid-piece abnormalities, tail 
abnormalities or detached heads post-thaw are presented in Table 5. Appreciable percentages 
of spermatozoa with head abnormalities were not detected in semen samples post-thaw. None 
of these parameters were significantly affected by extender or cryoprotectant used. However, 
while the rate of increase in the SDF did not differ between extenders and cryoprotectants, 
the l-SDF (figure 1a) in TEST was significantly higher (p<0.05) than in INRA96®. 
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Effect of bull and ejaculate  

Percentages of sperm with normal 
morphology, mid-piece abnormalities and tail 
abnormalities post-thaw differed significantly 
(p<0.01) between bulls. There was also an 
apparent effect of ejaculate on freezability 
since significant differences (p<0.01) between 
ejaculates were found in all post-thaw semen 
parameters. Both bull (Figure 1b) and 
ejaculate effects were also apparent with 
respect to both the l-SDF (p<0.001) and the r-
SDF (p<0.003). 

Discussion 

This study demonstrated that aspects 
of fresh semen quality such as semen volume, 
pH, sperm concentration, and percentages of 
motile, viable and morphologically abnormal 
sperm have an important impact on the 
freezability of Asian elephant semen. This 
supports the widespread, but poorly 
documented, view that the evaluation of fresh 
semen quality is helpful in predicting the 
suitability of semen samples for 
cryopreservation (Blesbois et al., 2008). 
Seminal plasma composition and/or presence 
have been reported to influence quality of 
both fresh and frozen semen (Rodríguez-
Martínez et al., 2011), possibly through 
effects on semen pH, volume and 
concentration. Excessive alkalinity of both 
bull and ram semen has been related to poor 
fertility or motility (Mann, 1964), and we 

previously reported a positive correlation between semen pH prior to freezing and the 
proportion of spermatozoa with detached-heads post-thaw (Imrat et al., 2012a), These 
observations parallel the present findings that high initial semen pH negatively influences 
sperm DNA stability post-thaw. 
.

Figure 1 Graphs showing sperm DNA 
fragmentation dynamics in frozen-thawed 
Asian elephant sperm; the mean (± S.E.M.) 
percentages of sperm with fragmented 
DNA (%SDF) are plotted for 0, 4, 8, 24 and 
48 h of incubation at 37oC. The graphs are 
subsequently divided to show differences 
between (a) TEST and INRA96® extenders 
(b) the three bulls examined. 
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Seminal plasma components and volume vary between both individuals and 
ejaculates because of individual male differences but also as a result of semen collection 
techniques (Rodríguez-Martínez et al., 2011); this is especially true for semen collection by 
manual rectal massage in bull elephants since it is almost impossible to obtain the same mix 
of seminal plasma components in each ejaculate, and there is a high likelihood of urine 
contamination (Imrat et al., 2012a). Removing seminal plasma has been reported to be useful 
during preparation of semen for freezing because it helps to ameliorate the detrimental effects 
of seminal plasma on cryopreserved sperm that have been reported in a range of species 
(Barbas and Mascarenhas, 2009). In the brown bear for example, centrifugation with a 
suitable diluent is an important method for ‘cleaning’ urine-contaminated semen samples 
before processing for cryopreservation (Nicolas et al., 2012). On the other hand, improper 
removal of seminal plasma (e.g. high speed centrifugation) may damage spermatozoa (Purdy, 
2006) and/or lead to loss of an unacceptably high percentage of the sperm (trying to remove 
too much of the supernatant). Moreover, sperm separation techniques such as swim-up and 
density gradients that help to select viable spermatozoa and eliminate those with membrane 
damage, abnormal morphology or DNA damage (Jayaraman et al., 2012) can lead to 
significant increases in post-thaw semen quality, albeit with a marked decrease in total 
number of sperm remaining. The high incidence of SDF immediately after thawing semen 
supports the view that it might be beneficial to add a supplement to protect sperm DNA 
stability during the semen processing steps.  This was confirmed in our previous study (Imrat 
et al., 2012b), which showed that a DNA-protecting extender was helpful during cooling and 
storage. However, the initial DNA stability within fresh semen is the primary determinant of 
SDF in every subsequent cryopreservation step (Imrat et al., 2012a).  

Our findings also support the idea that it would be useful to separate Asian elephant 
sperm populations on the basis of their sperm DNA integrity before freezing.  Unexpectedly, 
high sperm motility and viability in fresh semen tended to result in more spermatozoa with 
tail defects post-thaw (thereby compromising percentage with normal morphology); these 
effects may be attributable to the hypo-osmotic stresses involved during the freezing-thawing 
process. This suggests that the acquisition of the tail defect is a response of viable 
spermatozoa, and therefore that it is induced osmotically, as occurs in the hypo-osmotic 
swelling test (Stanger et al., 2010). This implies that the diluting process after thawing should 
be considered as a critically important part of the thawing process. For human spermatozoa, 
a serial stepwise dilution after thawing limits the increase in sperm volume to a smaller range 
and therefore improves post-thaw motility from less than 30% in a single-step dilution to 
more than 90% (Critser et al., 1987).  It is interesting that unrelated pre-freeze parameters 
were included in the predictive models for some post-thaw parameters, and that most models 
needed more than one pre-freeze parameter for the best fit. Furthermore, it is fortunate from 
a practical point of view that the most informative pre-freeze parameters were those most 
easily measured; i.e. semen volume, pH, concentration, motility and viability. 
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In the current study, post-thaw semen quality parameters such as percentages of 
motile, viable, and morphologically normal spermatozoa, or live spermatozoa with intact 
acrosomes, and the dynamic DNA damage responses did not differ between extenders or 
cryoprotectants, with one exception; the SDF in INRA96® was lower than that in TEST. 
However, poor maintenance of both viability and the percentage of motile spermatozoa were 
recorded for both extenders and for both permeating cryoprotectants (glycerol and 
methylformamide). We had hoped that using an amide cryoprotectant such as 
methylformamide with a lower molecular weight and viscosity than glycerol, would reduce 
the cellular damage presumably caused by osmotic stress (Dalimata and Graham, 1997; Ball 
and Vo, 2001), however this was not demonstrated. Neither was there any significant 
difference between 3% and 5% glycerol with regard to post-thaw semen quality. In this 
respect, Saragusty et al. (2009) reported that 2.5% glycerol and 15% glycerol were, 
respectively, too low and too high for cryopreserving Asian elephant spermatozoa, but that 
there was little effect of concentration in between these extremes; they recommended using 
4% glycerol for cryopreserving Asian elephant sperm. On the side of caution, while post-
thaw sperm motility is often very good after cryopreservation with a medium containing a 
high percentage of glycerol (e.g. >7% glycerol: (Robbins et al., 1976), high concentrations 
of glycerol have been reported to negatively affect fertility (Barbas and Mascarenhas, 2009).  

Species differences have a major impact on the survival of spermatozoa during 
cryopreservation, and the cryoprotectants most appropriate for protecting against cell 
damage; this has been attributed to differences in sperm membrane composition and the way 
in which the membrane changes during the cooling process (reviewed by Loomis and 
Graham, 2008). It is therefore essential to develop species-specific cryopreservation 
protocols (Holt, 2000). The skim milk extender, INRA96®, has proven to be useful for 
maintaining post-thaw quality of stallion semen and for preserving fertility potential after AI 
with frozen-thawed semen (Fayrer-Hosken et al., 2008; Pillet et al., 2008). In the current 
study with Asian elephant sperm, INRA96® supplemented with 2% (v/v) egg yolk was 
slightly better than the egg yolk extender, TEST, for maintaining sperm DNA stability post-
thaw; otherwise, there was little to choose between the two base media. However, it is 
possible that, as for stallions (Loomis and Graham, 2008), semen from individual elephant 
bulls may preserve better in one extender than the other and that initial trials are required to 
determine the most desirable cryopreservation diluent for a given bull.  

Certainly, our results showed between bull and ejaculate differences in semen 
freezability, as previously noted for other species (Watson, 1995). These may, in part, explain 
why the absolute levels of post-thaw semen quality in this study were low, despite using 
general techniques that had yielded better mean results in a previous study (Thongtip et al., 
2009). Differences in post-thaw semen quality between males and between ejaculates from a 
specific male have been reported for many species (Neild et al., 2003; Garde et al., 2008; 
Lopes et al., 2009; Dorado et al., 2010). The dairy cattle industry has selected bulls for AI 
that deliver spermatozoa able to withstand standard cryopreservation protocols well. 
Consequently, semen cryopreservation techniques in the dairy cattle industry have become 
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more uniform (Loomis and Graham, 2008); in effect, the animals have been selected to fit 
the system, rather than vice versa. This situation differs significantly to that for Asian 
elephant bulls in Thailand, where selection for a specific trait (such as ability of spermatozoa 
to withstand a predetermined semen cryopreservation protocol) would be detrimental to the 
overall aim of the conservation program, i.e. preserving as much genetic diversity as possible. 
Cryopreservation protocols that are only suitable for a single bull or a small subset of bulls 
do not fulfill the goal of helping to establish gene banks for this species, because they lead to 
the rejection of too many bulls or ejaculates. In this respect, Saragusty et al. (2009) rejected 
semen from five of the six bulls that they studied, while Kiso et al. (2011) only used ten of 
the seventy five ejaculates that they collected. In terms of genetic management and 
conservation, every bull and every ejaculate should be regarded as valuable and every effort 
should be made to avoid discarding them. In this respect, the aim should be to develop a 
cryopreservation protocol (or panel of interchangeable protocols) that offers a reasonable 
likelihood of being able to preserve semen from as large as possible a range of fertile bulls. 

In conclusion, we have shown that aspects of fresh semen quality are important for 
predicting the success of semen cryopreservation for Asian elephant bull semen. Moreover, 
because there is considerable variation in freezability between individual bulls and ejaculates, 
specific protocols will need to be developed for the species as a whole (e.g. see Saragusty et 
al. (2009)) but tailored to suit individual bulls. These individually tailored protocols concern 
not only which media and cryoprotectants to use, but also how to improve collection 
protocols to reduce the influence of urine contamination and differences in seminal plasma 
composition, sperm concentration and initial semen quality. For example, the high rate of 
non-viable spermatozoa and parallel high incidence of DNA fragmented spermatozoa post-
thaw suggests that there may be some value in adding antioxidants to cryopreservation media 
and implementing a routine sperm ‘washing’ step by cushioned centrifugation, as described 
by Saragusty et al. (2009).  
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Abstract 

In captivity, male Asian elephants often yield poor quality semen after transrectal 
manually assisted semen collection; however, the reasons for the disappointing semen quality 
are not clear. Here we test the hypothesis that accumulation of senescent spermatozoa is a 
contributory factor, and that semen quality can therefore be improved by more frequent 
ejaculation. This study therefore investigated the effect of collecting semen five times on 
alternate days, after a long period of sexual rest, on semen quality in Asian elephants known 
to deliver poor semen with infrequent single collections. All eight bulls initially displayed a 
high incidence of detached sperm heads and low percentages of motile (close to 0%) 
spermatozoa. After semen collection on alternate days, the percentages of detached sperm 
heads, and head and midpiece abnormalities, were reduced significantly (p<0.05). In 
addition, one bull showed markedly improved sperm motility (increased from 0% to 60%) 
and viability (increased from 5% to 75%). In addition, advanced age significantly (p<0.01) 
correlated with lower sperm viability and a higher frequency of detached sperm heads. In 
contrast to sperm accumulation problems in other species, a small ampullar diameter 
correlated significantly (p<0.05) with reduced semen quality.   

Keywords: poor semen quality, frequent semen collection, ampullae, Asian elephant    
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Introduction 

The Asian elephant is considered to be under significant threat of extinction and is 
therefore included in Appendix 1 of the Convention for International Trade in Endangered 
Species of Wild Fauna and Flora (CITES). Captive populations have therefore been 
established in zoos and camps for the conservation of the species (Brown, 2000); however, 
these captive populations have been affected by low birth rates and are considered to be at 
risk of inbreeding because of the high rate of reproductive pathology among the ageing 
female population, the relatively small numbers of breeding bulls, and fragmentation of 
breeding pools (Thitaram, 2012). Artificial insemination (AI) using fresh, chilled or frozen 
semen has been developed as a useful potential tool for genetic and breeding management in 
captivity (Schmitt et al., 2001; Thongtip et al., 2009). Unfortunately, male Asian elephants 
in captivity typically have a high proportion of defective or immotile spermatozoa in 
ejaculates collected by transrectal massage of the ampullae (Saragusty et al., 2009). The 
reasons for the poor semen quality in a high proportion of Asian elephants is still not clear 
(Thongtip et al., 2008b). 

In bulls and stallions, one of the causes of poor semen quality in animals that are 
not used for frequent mating or semen collection is the accumulation of senescent 
spermatozoa in the ampullae, vas deferentia and cauda epidiymides. Senescent semen is 
characterized by a high percentage of dead spermatozoa and a high percentage of 
spermatozoa with detached heads (Barth, 2007). In farm animals, the elimination of non-
ejaculated spermatozoa mostly occurs by intermittent emission into the urethra followed by 
evacuation during urination. Any non-ejaculated spermatozoa that are not eliminated into the 
urethra accumulate in the sperm storage areas (cauda epididymides, ampullae) and gradually 
degenerate. After prolonged sexual rest, collected semen consequently often shows a high 
percentage of degenerating spermatozoa (Garner and Hafez, 2000). In stallions and bulls, the 
senescent spermatozoa often accumulate in the ampullae of the deferent ducts, resulting in 
an increase in the diameter of the lumen of the ampullae; the negative effects of sperm 
accumulation on semen quality can, however, generally be rectified by a period of frequent, 
repeated ejaculation. During a period of frequent ejaculation, the percentage of motile sperm 
in subsequent ejaculates increases and the percentage of detached sperm heads decreases. 
Semen of domestic bulls affected by accumulation of senescent sperm can be improved by 
collecting semen three times daily for up to one week (Barth, 2007). For similar reasons, the 
French National Stud suggests collecting semen daily for five days prior to evaluation of new 
stallions entering the stud for semen quality. Even stallions that have already have been on 
stud duty may require more than twice daily semen collection for 2 - 10 days to maximize 
semen quality after a period of sexual rest, although the exact frequency of semen collection 
has to be adjusted to each individual (Magistrini, 2000; Pycock, 2008). In other words, for 
optimal semen quality and reproductive efficiency in stallions, the intervals and frequencies 
of semen collection need to be and tailored to the individual and managed carefully (Sieme 
et al., 2004). Male Asian elephants in captivity are usually housed individually and rarely 
have a chance to breed a female. Indeed, most have never had the opportunity to naturally 
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mate a cow. Even though bull elephants will intermittently discharge semen at night, it 
therefore seems reasonable to suggest that sperm accumulation and degeneration may occur 
during the considerable periods of sexual rest that most elephants experience, as it does in 
other species. 

Male age also influences various aspects of reproductive performance, including 
semen quality. Poor reproductive capacity is often associated with very young, immature 
males (Parthasarathy and Nair, 2006), however aging males also show a decline in semen 
quality (Kidd et al., 2001) and reproductive tract function in general (Elzanaty, 2007). 

The present study was undertaken primarily to determine whether increasing the 
frequency of semen collection in Asian elephants with poor semen quality would elicit 
improvements. The objectives of the study were to investigate changes in semen quality when 
semen was collected on alternate days over a 10 day period, and to compare the changes 
between bulls in different age groups. We expected to see improvements in semen quality 
with successive ejaculates. Because dilation of the ampullae is associated with sperm 
accumulation in domestic bulls and stallions (Barth, 2007), the diameter of the ampullae was 
also estimated using transrectal ultrasonography and its association with semen quality was 
investigated.  

Materials and Methods 

Chemicals and experimental location 

All reagents were purchased from Sigma Chemical Company (Sigma, St. Louis, 
MO, USA) unless otherwise stated. Semen collection and evaluation were performed at the 
National Elephant Institute (NEI), Lampang, Thailand (latitude 18o21.60’N and longitude 
99o14.92’E). 

Semen collection and evaluation 

Semen was collected from the elephant bulls by transrectal massage of the ampullae, 
as described by Schmitt and Hildebrandt (Schmitt and Hildebrandt, 1998). Immediately after 
collection, each ejaculate was evaluated for volume, pH, sperm concentration, and the 
percentages of motile, viable, morphologically normal and abnormal sperm. 

A haemocytometer was used for sperm concentration assessment (Bane, 1952), and 
the percentage of motile sperm was estimated subjectively using a phase-contrast microscope 
at a magnification of x200 to examine a standardized 10 µl drop of semen pipetted onto a 
pre-warmed (38ºC) glass slide and covered with a cover-slip.  Sperm viability was evaluated 
using eosin-nigrosin staining (Bjorndahl et al., 2003). Two hundred spermatozoa per sample 
were examined for viability (unstained = live; stained = dead). Sperm morphology was 
assessed using William’s stain (carbol-fuchsin) as described by Sarder (2008). Smears of 
fresh semen were air-dried and fixed in absolute alcohol for 3 min and then stained with 
William’s stain for 5 min. After staining, the slides were washed in running tap water, dried 
and examined using bright-field light microscopy at a magnification of x1000. 200 
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spermatozoa per sample were examined for head, mid-piece and tail abnormalities, or 
classified as having normal morphology. 

Experimental design 

Experiment 1: Effect of alternate day semen collection 

Bulls that had a history of routinely producing semen with less than 5% motile 
spermatozoa were used in this experiment. Following a period of sexual rest of at least one 
year, semen was collected from eight bulls (A1, A2, A3, B1, B2, B3, B4 and B5) on alternate 
days for 10 days (5 ejaculates per bull in total) during November 2009 – January 2010. The 
ages of A1, A2, A3, B1, B2, B3, B4 and B5 were 47, 54, 59, 37, 36, 34, 21 and 22 years old, 
respectively. Semen quality was evaluated immediately after the collection of each ejaculate. 
The correlation between age and semen quality was analyzed over all ejaculates; i.e., 40 
ejaculates in total (5 ejaculates from 8 bulls). 

Experiment 2: significance of ampullar diameter 

Two sires from the NEI (Bull1 and Bull2) and four bulls (A2, A3, B4 and B5) from 
experiment 1 were used in this experiment. They were not used for natural breeding and 
semen collection for one month prior to this study. In July 2010, their left and right ampullae 
were examined by transrectal ultrasonography (Hildebrandt et al., 2000) using a SonoSite 
Vet 180 Plus ultrasound scanner equipped with a C11/7-4 transducer (SonoSite Inc., San 
Francisco, CA, USA). The maximum diameters of cross-sectional sonograms were measured 
for both ampullae. After ultrasonographic examination, semen was collected and 
immediately evaluated for quality for all six bulls. 

Statistical analysis 

  Statistical analyses were performed using SPSS 17.0 for Windows (SPSS Inc., 
Chicago, IL, USA). All semen quality parameters were checked for normality of distribution 
using the Kolmogorov-Smirnov test. For semen quality comparisons between the first and 
last ejaculates in experiment 1, Paired t-tests were used. Percentages of motile and viable 
sperm, and of sperm with head or tail abnormalities were square root transformed before 
being analyzed using the Paired t-tests. Spearman’s rank correlation was used to analyze the 
correlation between age and semen quality in experiment 1, and the correlation between 
ampullar diameter and semen quality and age in experiment 2. 
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Results 

Experiment 1: Effect of alternate day semen collection 

After semen collection on alternate days the average value of all semen parameters, 
including semen volume, concentration and pH, the percentages of motile and viable sperm, 
and the percentages of sperm with head, midpiece and/or tail abnormalities, with detached 
heads or with normal morphology were compared between the first and the last ejaculate 
(Table 1). 

 

Table 1 Mean ± S.E.M. (N= 8 bulls) and the paired samples t-test analysis of semen quality parameters 
between first and last ejaculates after semen collection on alternate days for ten days.   

Parameter 

Ejaculate 

t df p-value 
First Last 

Volume (ml) 35.8 ± 14.5 17.6 ± 8.7 1.07 7 0.318 

Concentration (x 106 

sperm/ml) 1593.0 ± 416.4 1065.9 ± 221.0 1.30 7 0.235 

pH 7.1 ± 0.4 7.8 ± 0.3 - 2.43 7 0.045** 

% Motility* 1.5 ± 1.2 11.5 ± 7.3 - 1.46 7 0.187 

% Viability* 13.8 ± 6.5 23.9 ± 8.8 - 1.35 7 0.221 

% Head abnormality* 11.9 ± 6.5 5.0 ± 3.2 3.43 7 0.011** 

% Midpiece abnormality 12.1 ± 3.1 7.1 ± 2.5 2.69 7 0.031** 

% Tail abnormality* 17.4 ± 7.3 12.3 ± 2.3 0.27 7 0.793 

% Normal morphology  58.6 ± 10.5 75.6 ± 4.5 - 2.13 7 0.071 

% Detached head 73.8 ± 7.3 52.3 ± 7.8 2.80 7 0.026** 

*Percentage of motility, viability and head abnormality were transformed using square root function before analyzed 

with the paired samples t-test. **Significant comparisons between first and last ejaculate at p<0.05. 
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Semen pH and the percentages of sperm with abnormal heads, midpieces and or 
detached heads differed significantly (p<0.05) between the first and last ejaculates. While the 
semen pH increased from neutral to alkaline, the percentages of head abnormalities, midpiece 
abnormalities and sperm with detached heads decreased after alternate day semen collection. 
Moreover, the percentage of motile and viable sperm improved markedly in B1 after alternate 
day semen collection (Figure 1) while the percentage of sperm with detached heads decreased 
and semen pH changed from acidic to neutral. From the overall results for semen quality for 
the bulls in this experiment, additional significant correlations between age and some semen 
quality parameters were evident. The percentage of viable sperm (r = -0.734, p<0.01) 
correlated negatively with age while the percentage of sperm with detached heads(r = 0.608, 
p<0.01) correlated positively with age (Figure 2). 

 

  

Figure 1 Changes in semen quality during alternate day semen collection (first to fifth ejaculates) for 
Asian elephant bull B1 (a young mature adult); marked changes were observed for (a) % motile sperm, 
(b) %viable sperm, (c) % detached spermatozoa head s and (d) pH (with reference line at pH = 7). 
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Figure 2 Scatter plots showing the relationship between age and semen quality in mature Asian 
elephant bulls (a) % viable sperm and (b) % detached spermatozoa heads. 

 

 

Experiment 2: Effect of ampullar diameter 

The individual values for semen quality and diameter of both the left and right 
ampullae for the seven bulls are shown in table 2. The diameter of the ampullae correlated 
positively with the percentages of motile sperm (r = 0.616, p<0.05), sperm with normal 
morphology (r = 0.749, p<0.01) and viable sperm (r = 0.735, p<0.01). The ampullar diameter 
was negatively correlated with the percentage of sperm with head abnormalities (r = -0.619, 
p<0.05) and detached heads (r = -0.622, p<0.01) (Figure 3). No correlation between the 
diameter of the ampullae and the age of the bulls was evident. 

 

 

 

 

 

 

 

 

 

 



Effect of alternate day collection 

97 | P a g e  

Table 2 The semen quality and ampullar diameter of six bulls in experiment 2 at the day of transrectal 
ultrasonography assessment, Bull 1 and Bull 2 have been used as breeding bulls in NEI and were 
assumed to represent normal semen quality bulls. Bulls A2, A3, B4 and B5 used in experiment 1 were 
regarded as representative of poor semen quality bulls. 

Parameter Bull 1 Bull 2 A2 A3 B4 B5 

Age 32 42 54 59 21 22 

Volume (ml) 9 3 30 52 11 30 

Concentration (x 106 sperm/ml) 335 550 910 1650 181 1370 

pH 8 7.98 5.52 6.46 8.54 7.55 

% Motility 80 40 <5 0 <5 <5 

% Viability 82 65 6.5 5.5 23.5 46.5 

% Head abnormality 0 0 0 3 28 0 

% Midpiece abnormality 1 10 3 21 13.5 5.5 

% Tail abnormality 14 8 48 49 8 9 

% Normal morphology  85 82 49 27 50.5 85.5 

% Detached head 5 28 65 82 26 2 

Left ampullar diameter (cm)  5.50 4.31 2.96 1.59 2.12 5.35 

Right ampullar diameter (cm) 4.48 3.13 2.39 3.50 2.59 3.78 
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Figure 3 Scatter plots showing the relationship between ampullar diameter and semen quality in mature 
Asian elephant bulls; (a) % motile sperm, (b) % morphologically normal sperm, (c) % viable and (d) 
% detached spermatozoa heads. 

Discussion 

The bulls selected for this study on the basis of previous poor semen quality, and a 
prolonged period of sexual rest, seemed to have senescent spermatozoa in their reproductive 
tract given that they demonstrated high proportions of dead sperm and sperm with detached 
heads in initial ejaculates, as described for other species (Barth, 2007). The alternate day 
semen collection regime improved sperm morphological characteristics from the first to the 
last ejaculate; percentages of sperm with abnormal heads or midpieces and, in particular, the 
incidence of detached sperm heads were all reduced Motility and viability were also 
improved after repeated, frequent semen collection. Although the changes in motility and 
viability were not statistically significant when tested across the whole group of bulls, the 
effect was bull-dependent and was dramatic in one individual where the percentages of motile 
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sperm improved from 0% to 60%, and those of viable sperm from 5% to 75% while the 
proportion of spermatozoa with detached heads decreased from 90% to 22%. These effects 
were similar to those described in cattle, where improved quality of sperm and subsequent 
reproductive performance have been reported following frequent repeated semen collection 
for domestic bulls diagnosed with sperm accumulation (Barth, 2007). Besides the 
improvement of aspects of semen quality, semen pH changed from neutral to alkaline. The 
alkalinity of semen relates not only to the exact combination of prostatic (acidic) and seminal 
vesicular (alkaline) fluids within the seminal plasma but can also be affected by urine 
contamination (alkaline), which is quite common following semen collection assisted by 
transrectal message (Imrat et al., 2012). Indeed, many aspects of semen composition, 
including volume and pH, vary between individual bulls and ejaculates following collection 
by transrectal massage (Imrat et al., 2013).   

Male elephants reach sexual maturity / puberty and develop the ability to produce 
normal spermatozoa somewhere around 10 – 15 years of age; however, they only become 
capable of mating female elephants when they are about 18 – 20 years old and are physically 
large enough to mount adult females (Schulte, 2006). Since, an Asian elephant’s expected 
life span is approximately 60 – 70 years (Choudhury et al., 2008), the bulls regarded as 
producing poor quality semen in this study spanned the age ranges of young mature adult to 
reproductively aged (21 – 59 yr). The lower percentages of viable sperm associated with 
increasing age are similar to the results of a previous study (Thongtip et al., 2008a) where 
the oldest group (51 – 70 yr) of Asian elephant bulls had the lowest percentages of viable 
sperm. Similar correlations between semen quality and age have been observed in other 
species. In man, male ageing also has an effect on fertility and semen quality parameters 
(Kidd et al., 2001). The semen quality of men starts to decrease from a mean age of 40 years 
(Guerrero et al., 2008). In the current study, increasing age was associated with a higher 
percentage of detached sperm heads. Similarly, in other species older males have been 
reported to exhibit higher rates of sperm accumulation and senescence than younger males 
(Pizzari et al., 2008). In the present study, the mean percentage of viable sperm was below 
10% and the percentage with detached heads was over 80% for bulls aged 35 years and above. 
The underlying cause of the increased incidence of detached sperm heads is not clear, 
however. Other than sperm accumulation or ageing of the animal, inflammation and infection 
of the seminal vesicles, ampullae and/or epididymides have also been associated with 
increased incidences of detached spermatozoa heads (Nothling and Volkmann, 1997). 

As in the current study, the maximum ampullary diameter in male Asian and African 
elephants when evaluated by ultrasound has been reported to be 5 cm (Hildebrandt et al., 
2000). Slightly unexpectedly, a larger diameter of the ampullae in the current study was 
associated with improvements in semen quality, such as increased percentages of motile, 
viable and morphologically normal sperm and reduced percentages of spermatozoa with 
detached heads; this contrasts with the high incidence of detached sperm heads and low 
semen quality in bulls and stallions with enlarged and dilated ampullae as a result of the 
accumulation of spermatozoa (Nothling and Volkmann, 1997). The function of the accessory 
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sex glands and epididymides may be negatively affected by decreasing serum testosterone 
concentrations as a result of aging (Thongtip et al., 2008a). One previously reported change 
is a narrowing of the diameter of the ampullary lumen (Elzanaty, 2007). In a previous study 
the oldest (51-70 yr) elephants presented the lowest serum and seminal plasma testosterone 
concentrations (Thongtip et al., 2008a), but in this latter study the age of bulls did not 
correlate with ampulla diameter 

In summary, the accumulation of senescent spermatozoa is appears to contribute to 
poor semen quality in some Asian elephant bulls, and can be  improved by frequent (alternate 
day) semen collection; however, while this regime led to clear improvements in one bull and 
reduced percentages of sperm with detached heads in all, sperm viability and motility 
remained low in most animals suggesting either that there were additional factors 
contributing to poor sperm quality and/or that alternate day semen collection for 10 days was 
not sufficient to completely evacuate the senescent spermatozoa. Increasing age and narrow 
ampullar diameter also appear to significantly influence semen quality in Asian elephants, 
although the relationship between semen quality and ampullar diameter and function in this 
species requires further clarification. 
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While the Asian elephant population continues to decline and remains at risk of 
extinction, attempts to establish a sustainable captive population have been intensified with 
the dual aims of minimizing the temptation to capture and remove animals from the wild, and 
ensuring the long-term survival of a robust captive population that may, in time, be used to 
repopulate range states or areas where numbers and genetic diversity have reached critical 
levels. However, attempts to simplify and improve breeding management in captivity using 
AI have not been entirely successful. On the male side, semen quality and quantity influence 
fertility and the success of AI; it follows that more informative semen quality parameters may 
assist in better prediction of fertility. Indeed, because spermatozoa are damaged and lose 
fertilizing potential during preservation, less harmful procedures and/or additional protective 
steps need to be developed for semen collection and preservation. In addition, the widespread 
poor quality of semen that is seen in Asian elephant bulls after collection using the per rectum 
massage technique needs to be more thoroughly investigated, to determine the underlying 
causes and develop possible methods for improvement. 

In this chapter the major findings of this thesis with regard to semen quality 
parameters, sperm preservation and the origin of poor semen quality in Asian elephants are 
discussed with the aim of aiding development of techniques that may improve breeding 
management in this species. 

Sperm DNA fragmentation 

In Chapters 2 and 3, the stability of sperm DNA was examined using a sperm 
chromatin dispersion (SCD) test that detects sperm DNA fragmentation. In particular, the 
increase in the percentage of spermatozoa with DNA damage during a 48h incubation at body 
temperature was developed as a dynamic test of sperm DNA resistance to damage. Dynamic 
assessment of sperm DNA stability better reflects the challenges to which sperm DNA is 
exposed within the female reproductive tract after insemination, or during prolonged storage, 
and is therefore more informative than a one-off ‘static’ test of DNA integrity in freshly 
collected semen. Although associations between SDF and fertility were not examined in this 
thesis, prolonged resistance to SDF under conditions of physiological thermal stress seem to 
correlate well with fertility in boars (Pérez-Llano et al., 2010). The dynamic test examines 
not only the initial percentage of spermatozoa that show evidence of SDF and the percentage 
that undergo SDF during incubation, but also the rate of increase in SDF; this latter index has 
proven to be extremely informative with regard to sperm quality and/or fertility in a number 
of species (López-Fernández et al., 2007; López-Fernández et al., 2008; Zee et al., 2008; 
Gosalvez et al., 2009; Pérez-Llano et al., 2010). Interestingly, the rate of iatrogenic SDF in 
Asian elephant spermatozoa appears to be high when compared to other species for which 
sperm has been challenged under similar conditions. This suggests that Asian elephant sperm 
DNA is relatively sensitive to thermal or storage-induced damage (Chapters 2 and 3). When 
compared with the chromatin of somatic cells, sperm chromatin is extremely compact 
because the sperm DNA strands are firmly enfolded around protamines that replace the 
histones normally used for DNA packaging during the remodelling and condensation of the 
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spermatid nucleus during the later stages of spermatogenesis. The compaction and 
stabilization of the sperm nucleus relies on the inter- and intra-molecular disulphide cross-
links between cystein-rich protamines (Zini and Libman, 2006). The high apparent 
susceptibility of Asian elephant spermatozoa to DNA fragmentation was therefore supported 
by the finding that sperm DNA in this species contains the lowest number of cysteine residues 
in protamine 1 yet found among eutherian mammals (Gosálvez et al., 2011). In this respect, 
protamines P1 and P2 are the two main protamine families found in mammals, although not 
all mammalian species use both P1and P2 to stabilize their sperm chromatin. Gosálvez et al. 
(2011) demonstrated that species that use a combination of P1 and P2 to stabilize sperm DNA 
are less resistant to SDF than species that do not use P2 for this function, probably because 
P2 has a lower positive charge which, in turn, affects the strength of interaction of the 
protamines with the negatively charged DNA molecules. The Asian elephant is one of the 
mammalian species that does use P2 for sperm DNA compaction whereas bovine and porcine 
spermatozoa, which are highly resistant to SDF, do not use P2 and have high numbers of 
cysteine residues in their P1 (Gosálvez et al., 2011). The presumed net result of the protamine 
constitution of Asian elephant spermatozoa is the relative susceptibility of their DNA to 
iatrogenic damage during incubation or preservation (Chapter 2), and physiological damage 
during storage in the female reproductive tract. Asian elephant semen samples should 
therefore be treated carefully after collection and dilution, and the time between introduction 
of spermatozoa into the female reproductive tract at AI and ovulation should not be too long, 
i.e. minimized by accurately predicting the time of ovulation and planning semen collection 
and AI accordingly, to avoid substantial DNA damage that may compromise fertility. 

In addition, semen extender composition has important consequences for the 
incidence of sperm DNA damage in elephant semen during liquid storage (Chapter 3), just 
as demonstrated previously for boar sperm during preservation (Perez-Llano et al., 2006). 
During sperm preparation and storage, the extra-testicular causes of sperm DNA damage are 
thought to relate primarily to reactive oxygen species (ROS) generation (Zini and Libman, 
2006). Since the presence of dying spermatozoa can increase ROS levels in semen (Boe-
Hansen et al., 2005), it is presumed that the rate of iatrogenic SDF is negatively correlated 
with sperm viability (Chapter 2). Performing the SCD test using the Halomax® kit proved 
to be an uncomplicated technique that is easy to use in a relatively simple laboratory, and 
therefore lends itself for use in assessing sperm quality for wild animal species. However 
other techniques for analysing sperm DNA damage are still of interest because the different 
tests available do not all measure sperm DNA damage or susceptibility to damage in the same 
way, and may therefore generate dissimilar results. For example, SDF measured using the 
TUNEL assay (which assesses the presence of DNA strand breaks) correlated with pregnancy 
outcome in an IVF programme, whereas DNA fragmentation measured using the SCSA 
(which measures the ratio of single to double stranded DNA after exposure to acid conditions) 
did not (Sakkas and Alvarez, 2010). In conclusion, the protamine constitution of the elephant 
sperm nucleus appears to render the sperm DNA relatively susceptible to damage, for this 
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reason using tests to monitor sperm DNA damage is recommended during the refinement of 
protocols for AI and the selection of bulls for a breeding programme. 

Important steps when deciding how to preserve Asian elephant spermatozoa 

Before starting sperm preservation, it is important to realize that methods for 
preparing the spermatozoa (during and after semen collection) can significantly influence the 
success of subsequent sperm storage. In this respect, semen collection techniques and, in 
particular the manual rectal massage technique generally used for elephant bulls, affect 
semen pH, sperm concentration and semen volume, three parameters of fresh semen that were 
found to significantly influence the post-thaw quality of cryopreserved Asian elephant semen 
(Chapter 4). It follows that every step in the semen collection protocol, including the 
duration of collection, exact anatomical location at which massage is applied, massage 
rhythm, massage intensity, and the environment in which the semen is collected should be 
optimized. The presence of female conspecifics to improve libido and arousal during semen 
collection from bucks (Silvestre et al., 2004) and stallions (Brinsko et al., 2011) has been 
reported to improve the consistency of ejaculate quality and make the semen collection 
process more efficient. In Asian elephants, female conspecifics are not used to aid arousal, 
largely because the cows are large, heavy and difficult to restrain or manoeuvre to provide 
the desired degree of male-female contact to facilitate semen collection. An alternative that 
appeared to improve semen quality in dogs, when used to improve arousal together with 
prostaglandin F2-alpha (PGF2α) administered before semen collection (Santos et al., 2013), 
are female sexual pheromones. The use of pheromones to facilitate semen collection has not 
been tested in Asian elephants but may be worth investigating; certainly, male elephants 
appear to be responsive to pheromones in that they appear to use pheromones in the urine to 
assess oestrous cycle stage in elephant cows (Thitaram et al., 2009). Indeed, they appear to 
detect (Z)-7-dodecen-1-yl acetate, which is also used as a sexual pheromone by more than 
126 species of insects, in the urine of female Asian elephants during oestrus and up to 
ovulation. Male Asian elephants examine the presence of sexual pheromones in the urine of 
cows using the flehmen response (males use a ‘trunk tip finger’ to present urine at the paired 
duct openings in the anterior region of hard palate that lead to the vomeronasal organ), and 
respond by penile erection and pre-mating behaviours (Rasmussen et al., 1996; Rasmussen 
et al., 1997; Rasmussen and Schulte, 1998). However, the ability of teaser bulls to detect 
oestrus in cows depends on their age and sexual experience; non-sexually experienced young 
bulls are less efficient at oestrus detection (Thitaram et al., 2009). To date, however, there 
are no reports as to whether exposure to pheromones affects the quality of the semen collected 
from elephant bulls, but it may be an approach worth investigating.   

Other obvious disadvantages of collecting semen by manual rectal massage are that 
the balance of seminal plasma components differs in each ejaculate, and that there is a high 
incidence of urine contamination (Chapter 2); as will be discussed later, seminal plasma 
removal or sperm washing by centrifugation, with or without a density gradient, should be 
investigated as part of the sperm preparation process for preservation to reduce some of these 
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variables and ensure removal of any components that may be harmful to sperm. Some authors 
have already reported sperm washing protocols for Asian elephant semen; for example, 
Saragusty et al. (2009) suggested that elephant semen should be diluted with 60% iodioxanol 
and centrifuged at 1000g for 20 min to remove non-sperm elements of the ejaculate, whereas 
Kiso et al. (2012) recommended washing with Ham’s F-10 medium twice by centrifugation 
at 500g for 5 min before diluting with the intended cooled-storage or freezing extender. 

Progress in Asian elephant sperm preservation  

During the last decade, studies on preservation of Asian elephant semen have 
become more frequent and informative, and the methods developed have become more 
effective. Clearly, temperature is an important factor when attempting preservation of Asian 
elephant spermatozoa because the survival of spermatozoa after storage for 24 h is lower at 
body temperature than at 4oC or 22oC (Kiso et al., 2011). Liquid semen of many other 
mammalian species appears to have an optimal temperature for cooled storage of 4-6oC 
(Vishwanath and Shannon, 2000; Aurich, 2005; O'Hara et al., 2010), however, boar semen 
intended for AI within 1-5 days is routinely stored at ~15-20oC (Johnson et al., 2000; Purdy 
et al., 2010b). When extended boar semen is exposed to temperatures below 15oC, 
spermatozoa may undergo cold shock and lose viability (Althouse et al., 1998) because boar 
spermatozoa are extremely susceptible to damage during cooling (Parks and Lynch, 1992). 
In the case of some ‘poor cooled storage’ stallions, it has also been proposed that storage at 
15oC may be beneficial (Batellier et al., 2001), whereas semen from most stallions is cooled 
to 5oC for short term preservation (Aurich, 2008). 

Although sperm motility, viability and acrosome integrity did not differ when sperm 
was stored at 4oC versus 15oC in Chapter 3, the level of sperm DNA damage after storage 
at 4oC was slightly higher than at 15oC; nevertheless, the difference was not large enough to 
conclude that 15oC was definitely better than 4oC for preserving elephant sperm. While it 
was already clear that extenders used for preserving Asian elephant sperm must have a 
suitable osmolarlity, pH (Chapter 1) and a source of lipoproteins (e.g. egg yolk) (Kiso et al., 
2011), the studies presented in this thesis suggest that extenders for Asian elephant 
spermatozoa should also include antioxidants to reduce the incidence of sperm DNA damage 
during storage since, as discussed above, Asian elephant spermatozoa appear to be 
particularly prone to DNA damage during storage. Adding catalase (150 U/ml) or glutathione 
(0.5 mM) to the semen extender appears to help slow the rate of sperm DNA fragmentation 
during storage of Asian elephant spermatozoa at 5oC for 48h (Imrat et al., 2012).     

Various studies have sought the optimal permeating cryoprotectant type and 
concentration for the cryopreservation of Asian elephant sperm. At present, glycerol is 
considered the best permeating cryoprotectant for freezing semen from this species (see Table 
2 in Chapter 1), however the optimal final concentration of glycerol in cryopreservation 
diluents for elephant sperm has not yet been established. Saragusty et al. (2009) suggested 
that the final concentration of glycerol should be 7% while Thongtip et al. (2004) and Kiso 
et al. (2012) used only 5% and 4% glycerol, respectively. Additionally, in Chapter 4 there 
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was no apparent difference in the efficacy of 3% and 5% glycerol for cryopreserving elephant 
sperm. Since high glycerol concentrations are known to be detrimental to fertility in other 
species, the lowest concentration of glycerol that is effective for cryopreservation should 
probably be considered preferable. In addition, methyl formamide, an amide cryoprotectant, 
did not improve post-thaw semen quality when compared to glycerol for cryopreservation of 
Asian elephant semen (Chapter 4). In stallions, the effectiveness of amides as permeating 
cryoprotectants, in particular methyl formamide and dimethyl formamide, have been reported 
to be either similar to glycerol (Alvarenga et al., 2005) or better since, in some studies, 
dimethyl formamide apparently improved post-thaw semen quality when compared to 
glycerol (Morillo Rodriguez et al., 2012). The use of amides appears to be particularly useful 
for ‘bad freezing’ stallions whose spermatozoa don’t readily survive cryopreservation using 
glycerol; post-thaw motility and membrane integrity of sperm from such stallions improved 
when amides were used as penetrating cryoprotectants (Alvarenga et al., 2003). While amides 
seem to be helpful for cryopreservation of equine semen, they do not appear to be of any 
benefit to sperm cryopreservation in pigs (Buranaamnuay et al., 2011) or sheep (Moustacas 
et al., 2011). 

Besides the final concentration of glycerol used during cryopreservation, there are 
also questions over when and how the glycerol can best be introduced. In general, in protocols 
described for elephant sperm cryopreservation the glycerol is added after the diluted semen 
has been cooled to 4-5oC (Jones et al., 1975; Howard et al., 1986; Thongtip et al., 2004; Sa-
Ardrit et al., 2006; Kiso et al., 2012). However, some authors (Saragusty et al., 2009; 
Hildebrandt et al., 2012) added 10% of the glycerol at 22oC and the rest after the semen had 
reached 4oC. Kiso et al. (2012) found that adding glycerol at 4oC significantly improved 
sperm cryosurvival when compared to glycerol addition at 22oC. By contrast, the post-thaw 
quality of stallion semen is improved when the glycerol is added at 22oC rather than 4oC 
(Vidament et al., 2000). Protocols for multi-step, fractionated addition of glycerol have also 
been designed, with the aim of diminishing osmotic injury during addition or removal of the 
cryoprotectant. With such multi-step methods, the concentration of cryoprotectant in and 
around the spermatozoa increases slowly during the cryoprotectant addition process and is 
balanced by similarly slow movements of cellular solutes and water; during the 
cryoprotectant removal process, isotonic salt solutions flow gradually into the spermatozoa 
to replace the cryoprotectant and maintain the osmolarity (Gao and Zhou, 2012). However, 
sperm osmotic tolerance varies considerably between species. In stallions, rapid or single-
step cryoprotectant addition has been reported to result in more damage to sperm function 
than stepwise addition (Enciso et al., 2006) because the osmotic tolerance of stallion 
spermatozoa is very narrow when compared to human, bovine and murine spermatozoa 
(Dublin et al., 2006). On the other hand, goat spermatozoa have a high tolerance to osmotic 
stress and do not suffer unduly from rapid addition of glycerol, such that single-step glycerol 
addition is preferable for goat sperm cryopreservation (Purdy, 2006). During Asian elephant 
sperm cryopreservation, three- or four-step glycerol addition at 4-5oC has been tested to 
reduce the likelihood of sperm damage due to the osmotic stress of glycerol addition, 
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although one-step thawing and CPA removal processes are generally still applied (Thongtip 
et al., 2004; Sa-Ardrit et al., 2006; Kiso et al., 2012). Since Asian elephant spermatozoa seem 
to be affected by hypo-osmotic stress after freezing and thawing (Chapter 4), a multi-step 
dilution to ensure gradual glycerol removal may aid the post-thaw recovery process. In this 
respect, it is possible that osmotic changes during thawing should be as carefully regulated 
as during glycerol addition in preparation for freezing. 

In addition, cholesterol loading of the plasma membrane of spermatozoa by 
incubating the spermatozoa with cholesterol loaded cyclodextrins (CLC) before 
cryopreservation has been reported to improve post-thaw survival of Asian elephant sperm, 
presumably because the additional cholesterol can theoretically increase membrane stability 
and osmotic tolerance during the freezing and thawing process (Kiso et al., 2012). However 
the improved post-thaw quality of semen after exposure to CLC is not able to guarantee 
improved fertility in vivo (Moce et al., 2010). Similar fertility rates for CLC-treated and 
control spermatozoa have also been reported in sheep and horses (Purdy et al., 2010a; Spizziri 
et al., 2010); while Zahn et al. (2002) reported that fertility rates after AI with CLC-treated 
stallion spermatozoa was lower than with control spermatozoa. The possible negative effects 
of CLC on fertility have been proposed to be a factor of the additional cholesterol either 
inhibiting or delaying capacitation and the acrosome reaction in vivo (Davis, 1980; Moce et 
al., 2010). Recently, attempts to remove cholesterol after thawing of CLC-treated 
spermatozoa, using methyl-β-cyclodextrin, has been reported in stallions, although success 
rates were unsatisfactory (Oliveira et al., 2010). 

The liquid nitrogen vapour freezing technique in which semen straws are placed 
horizontally, a set distance above the surface of liquid nitrogen has been the primary 
technique used for sperm cryopreservation in various species (Barbas and Mascarenhas, 
2009) including the Asian elephant (see Table 2 in Chapter 1). However, this technique is 
prone to variations, and it is very difficult to establish an accurate or controlled freezing rate 
in this way. Programmable freezing machines have been designed for cryopreserving 
gametes, gonadal tissues and embryos (Matson et al., 2008). These machines can more 
accurately regulate the rate at which the temperature decreases, and allow programming of 
pre-defined freezing rates and the alteration of the cooling/freezing rates during a single 
cryopreservation process; different cooling rates are often used in the steps from ambient 
temperature to 4-5oC and from there until freezing is completed (Purdy, 2006; Barbas and 
Mascarenhas, 2009). However, the potential benefits of a programmable freezing machine 
have to be weighed against the costs of purchasing the equipment (Matson et al., 2008). 
Multi-thermal gradient (MTG) machines have, however, been used effectively for large 
volume freezing of elephant spermatozoa using protocols designed for (bovine) bull (Arav et 
al., 2002), buck (Brinsko et al., 2011), gazelle (De Jonge, 2012) and stallion semen (de la 
Torre et al., 2007).  
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Can Asian elephant semen quality be improved? 

Unsurprisingly, the quality of fresh semen influences post-thaw semen quality when 
Asian elephant sperm is cryopreserved (Chapter 4). For this reason, the high proportion of 
fresh ejaculates with very poor sperm quality is a significant obstacle to the development of 
sperm preservation and the improvement of AI results for Asian elephants. Since poor semen 
quality appears to be primarily a problem of Asian elephant bulls in captivity (Chapter 1), 
improving semen quality would significantly improve the prospects of improving breeding 
management options via AI in this species. The scope for semen quality improvements 
largely depends on the causes of poor semen quality; hence further attempts to identify the 
underlying causes of the problem should be encouraged. Sperm accumulation, for which one 
of the primary indicators is a very high proportion of senescent spermatozoa (e.g. detached 
heads), appears to be one of the contributing factors to poor sperm quality in many Asian 
elephants because semen quality improved (if only slightly on average) and the proportion 
of senescent spermatozoa decreased after (relatively) frequent (i.e. alternate day) semen 
collection (Chapter 5). 

In addition, the size of the ampullae seems to be related to semen quality, although 
the reasons for this relationship are not yet clear and need to be examined more thoroughly 
(Chapter 5). Normally, well-expanded ampullae of adult male elephants are expected to be 
cone shaped and approximately 5 cm in diameter (Schmitt, 2006). The ampullary size and 
status has been reported to affect semen quantity of male elephants. Young bulls with 
ampullae that look poorly developed on ultrasound examination generally produce small 
amounts of ejaculate with predominantly immature spermatozoa, or fail to deliver sperm 
cells; additionally, some adult bulls with flat ampullae have been reported to produce nearly 
aspermic ejaculates (Hildebrandt et al., 2000). Inflammation and infection of the accessory 
sex glands have also been associated with high percentages of immotile sperm in Asian 
elephant bulls; after appropriate treatment, the semen quality of the affected bull can improve 
(Kilburn et al., 2011). 

While a few potential contributors to poor semen quality in Asian elephants have 
been identified, sperm separation may be a more immediate solution for poor quality 
ejaculates. Separation methods can improve the quality of a semen sample by selecting 
motile, membrane-intact spermatozoa while eliminating dead and damaged spermatozoa and 
non-sperm cells from the sample (Henkel and Schill, 2003; Stuhtmann et al., 2012). Initially, 
sperm separation methods described as part of the sperm preparation protocol for in vitro 
fertilization only included relatively simple washing and resuspension procedures (Edwards 
et al., 1969; Lopata et al., 1978; Edwards et al., 1980). Over the years, a number of different 
sperm separation techniques have been developed including swim-up, density gradient 
centrifugation, migration-sedimentation and glass wool filtration. Spermatozoal separation 
has the additional advantage of enriching the proportion of the sperm population with intact 
chromatin, especially in the case of migration-sedimentation and glass wool filtration 
(Henkel and Schill, 2003; Jayaraman et al., 2012). Magnetic-activated cell sorting (MACS) 
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is an additional method for selecting non-apoptotic spermatozoa that can be combined with 
other sperm separation techniques (e.g. density gradient centrifugation). After processing 
with this combined technique, post-thaw sperm motility, cryosurvival rates and fertility 
potential were all improved in men (Said et al., 2008).  

Both fresh and frozen-thawed semen have been processed using techniques to 
separate spermatozoa from seminal plasma and/or extender and simultaneously enhance the 
percentage of spermatozoa with normal morphology and motility, e.g. for either in vitro or 
in vivo (intrauterine AI) use of ram spermatozoa (Garcia-Alvarez et al., 2010). Although 
semen quality generally improves after application of sperm separation methods, the number 
of spermatozoa is significantly reduced. In some cases, the dose of selected spermatozoa is 
not sufficient for conventional AI and, in horses, deep intrauterine insemination has been 
recommended when semen separation is employed (Macías García et al., 2009). In this 
respect, density gradient centrifugation has been reported as an effective sperm selection 
technique that improves the fertility of sub-fertile stallions when combined with deep 
intrauterine insemination (Varner et al., 2008; Mari et al., 2011). On the other hand, Morrell 
et al. (2011) reported successful pregnancy in mares after conventional AI using spermatozoa 
from five stallions with low quality semen and/or fertility problems, selected by 
centrifugation through a single-layer of species-specific colloids. In summary, the utility of 
sperm separation techniques for improving the freezability of semen from Asian elephants 
with poor sperm quality, should be investigated; however, the utility of this method for AI in 
Asian elephants is still doubtful since the expected sperm yield may be very low. 

Conclusions 

The ultimate aim of breeding management programmes for captive Asian elephants 
is to establish a self-sustaining population with sufficient genetic diversity. To achieve this 
aim, AI is considered a crucial tool for enabling the exchange of genetic material between 
animals housed in different areas or countries. To most effectively use AI as a tool for 
breeding management, spermatozoa need to be cryopreserved since this allows storage of 
unlimited duration and makes it easier to ensure availability of sperm when the female is at 
the appropriate stage of the cycle. Unfortunately, Asian elephant spermatozoa have proven 
to be highly susceptible to iatrogenic DNA damage, appear to be very sensitive to cold shock 
(Graham et al., 2004) and have low tolerance to osmotic damage. In addition, semen that is 
collected by the manual rectal massage technique contains variable concentrations of seminal 
plasma components which can affect the quality of the semen and, in particular, semen pH. 
With all the limitations that have been mentioned above, only a small percentage of ejaculates 
and/or bulls can currently be used for sperm preservation. Even then, every step of the 
processing of Asian elephant spermatozoa has to be performed carefully and precisely to 
minimize freezing-induced damage. In this respect, less harmful methods of preparing and 
storing the sperm, and agents that protect against processing damage, need to be developed 
to increase the percentage of elephant sperm able to withstand the preservation process. 
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In addition, a high proportion of Asian elephant bulls produce semen of very poor 
quality, which precludes their use in a breeding or AI programme and means that they cannot 
contribute to the genome resource (semen) banks for this species. Since it is essential to 
maintain as many individual bulls as possible in the breeding population to maintain genetic 
diversity, attempts to improve the sperm quality of a number of these bulls with poor quality 
semen are worthwhile. However, even the development of effective protocols for obtaining 
preserved spermatozoa of good quality is not a guarantee for the success of AI. The minimum 
number of sperm required for conception, the optimal timing of insemination, the best site 
for sperm deposition and demonstration of adequate fertility are also required if AI is to 
become a routine and successful procedure in captive elephant reproduction.  
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Samenvatting 

 De populatie Aziatische olifanten neemt gestadig af en wel zodanig dat de soort op 
termijn met uitsterven kan worden bedreigd. Deze afname betreft zowel de gehouden dieren 
(o.a. in dierentuinen) als ook de subpopulaties in het wild. Door de versnippering van 
leefgebieden en de kleine populaties van gehouden dieren komt er steeds meer aandacht voor 
het waarborgen  van de genetisch diversiteit bij deze diersoort. Daarbij is kunstmatige 
inseminatie (KI) essentieel voor uitwisseling van genetisch materiaal tussen geografisch 
gescheiden subpopulaties. De praktische uitvoerbaarheid van KI kan aanzienlijk worden 
verbeterd als het sperma succesvol is in te vriezen, omdat het dan onbeperkt houdbaar is en 
ook gegarandeerd beschikbaar wanneer het vrouwelijke dier bronstig wordt. Echter, ruime 
toepassing van KI wordt momenteel beperkt door de matige spermakwaliteit van veel 
olifantenstieren en doordat het bevruchtend vermogen van het sperma aanzienlijk afneemt 
tijdens het invries/ontdooi proces. Het doel van de studies beschreven in dit proefschrift is 
om nader inzicht te verkrijgen in de oorzaken van de slechte spermakwaliteit van zowel vers 
gewonnen als van bewaard sperma van de Aziatische olifant. Inzicht in deze oorzaken kan 
vervolgens benut worden om betere technieken te ontwikkelen voor de toepassing van KI 
met ingevroren sperma als onderdeel van fokprogramma’s. 

 In Hoofdstukken 2 en 3 werd de stabiliteit van het DNA van zaadcellen onderzocht 
met behulp van de zogenaamde ‘sperm chromatin dispersion’ (SCD) test. Deze test detecteert 
de mate van fragmentatie van het DNA (en dus de chromosoom schade) binnen een 
spermacel. Met name hebben wij de Halomax® assay gevalideerd voor olifantensperma. Deze 
assay bleek eenvoudig en betrouwbaar en kan ook bij beschikbaarheid van slechts beperkte 
laboratorium faciliteiten zonder problemen worden uitgevoerd. De test is derhalve uitermate 
geschikt om spermakwaliteit van niet gedomesticeerde dieren te beoordelen. Zaadcellen van 
Aziatische olifanten bleken, vergeleken met die van andere zoogdiersoorten, zeer gevoelig te 
zijn voor iatrogene DNA beschadiging tijdens zowel het invries-ontdooi proces als tijdens 
het gekoeld bewaren (Hoofdstukken 2 en 3). De verklaring voor deze sensitiviteit is 
waarschijnlijk gerelateerd aan de bevinding dat het protamine P1 eiwit - dat gebruikt wordt 
om het zaadcel DNA te “verpakken” - bij de olifant het laagste aantal cysteine moleculen 
bevat dat ooit bij een zoogdier spermacel is geconstateerd. Daarnaast wordt, in vergelijking 
met andere zoogdieren, relatief veel protamine P2 gebruikt voor het verpakken van het 
spermacel DNA. Dit heeft tot consequentie dat het sperma van Aziatische olifanten zeer 
zorgvuldig behandeld moet worden na het afnemen en verdunnen, maar natuurlijk evenzeer 
in de verdere periode voorafgaande aan het inbrengen van het sperma in het vrouwelijke 
geslachtsapparaat. Verder zou de tijdspanne tussen het insemineren en de ovulatie (eisprong) 
bij het vrouwelijke dier zo kort mogelijk gehouden moeten worden. Wanneer het ovulatie 
tijdstip nauwkeurig is te voorspellen kan, op basis van dat tijdstip, het vangen van het sperma 
en de inseminatie nauwkeurig worden gepland. Bij een te groot interval tussen inseminatie
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en ovulatie bestaat er een verhoogd risico op substantiële DNA beschadiging, waardoor de 
vruchtbaarheid aanzienlijk wordt verminderd. Daarnaast gaat men er van uit dat zaadcellen - 
die tijdens het bewaarproces te gronde gaan – zuurstof radicalen (‘reactive oxygen species’: 
ROS) afgeven hetgeen juist nog meer zaadcel beschadiging teweeg brengt. Dergelijke DNA 
beschadiging zou een rol spelen in de snelle afname van het percentage levende cellen die 
wordt waargenomen tijdens het gekoeld bewaren (Hoofdstuk 2). Derhalve stellen wij voor 
dat een verdunner, die men wil gebruiken voor het bewaren van Aziatische olifanten sperma, 
ook antioxidanten bevat om het risico op DNA beschadiging te beperken; dit voorstel wordt 
ondersteund door de bevinding dat een verdunner die speciaal is samengesteld om DNA 
beschadiging te voorkomen (Bullmax®) inderdaad de zaadcel DNA beter beschermde tijdens 
het gekoeld bewaren (Hoofdstuk 3). Samenvattend concluderen wij dat zaadcel DNA 
integriteit een essentieel element moet zijn in toekomstige studies naar optimale protocollen 
voor zowel het bewaren van olifanten sperma alsook bij de selectie van stieren voor een KI 
programma.  

 De wijze waarop olifantensperma wordt gewonnen, maar zeker ook het verloop 
hiervan bij de meest gangbare methode van manuele rectaal massage, beïnvloedt de pH, het 
volume en de zaadcelconcentratie van het gewonnen ejaculaat; al deze drie parameters van 
spermakwaliteit bleken significant gerelateerd te zijn aan het kwaliteit van ingevroren sperma 
na ontdooien (Hoofdstuk 4). Dit leidt er toe dat elk onderdeel van het sperma afname proces 
verbeterd moet worden om de spermakwaliteit te optimaliseren. Dat betreft onder andere de 
duur van de massage, de exacte anatomische locatie waar gemasseerd wordt, het ritme en 
intensiteit van de massage en de omgeving waarin het spermacollectie wordt uitgevoerd. Een 
bijkomend nadeel van het spermavangen door middel van per rectum massage is dat het risico 
op urine contaminatie hoog is (Hoofdstuk 2), terwijl er ook behoorlijk wat variatie tussen 
ejaculaten kan optreden in de concentraties van de verschillende componenten van de 
seminale vloeistof. Zowel eventueel aanwezige urine als een te hoge concentratie van 
bepaalde componenten in de seminale vloeistof kunnen nadelig zijn voor spermakwaliteit. 
Daarom moet het verwijderen van seminale vloeistof of het ‘wassen’ van sperma door het te 
centrifugeren, al of niet in combinatie met een zogenaamde densiteit gradiënt, nader 
onderzocht worden als onderdeel van de behandeling van het sperma voorafgaand aan de 
inseminatie. Door het centrifugeren en gedeeltelijk verwijderen van de vloeistoffen zou de 
variatie tussen ejaculaten verminderd kunnen worden en zouden potentieel schadelijke 
componenten of contaminanten kunnen worden verwijderd. Hoewel het verwijderen van 
seminale vloeistof de spermakwaliteit positief zal beïnvloeden, wordt ook verwacht dat bij 
dit proces het totaal aantal spermacellen significant afneemt (verloren gaat). Er moet dan ook 
gekeken worden hoe deze processen in balans zijn te brengen om een maximaal aantal 
‘goede’ zaadcellen over te houden voor KI. 

 Zoals ook bij andere diersoorten geconstateerd is, werd verwacht dat de 
bewaartemperatuur een belangrijk invloed heeft op de houdbaarheid van olifantensperma. 
Hoewel er nauwelijks verschil te merken was in de percentages bewegelijke, levende en 
acrosoom intacte zaadcellen na het bewaren bij 4oC in vergelijking met 15oC (Hoofdstuk 3), 
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bleken veel meer spermacellen DNA beschadiging te ondergaan bij het bewaren bij 4oC. 
Echter, het verschil was onvoldoende groot om definitief te concluderen dat olifantensperma 
beter bij 15oC dan bij 4oC kan worden bewaard. 

Bij invriezen van sperma wordt glycerol als beschermende stof voor de zaadcel aan 
de verdunner toegevoegd. Met name glycerol omdat deze stof wordt gezien als de best 
penetrerende cryoprotector bij het invriezen van olifantensperma; het is evenwel nog niet 
duidelijk wat de optimale glycerol concentratie in de spermaverdunner zou moeten zijn. In 
Hoofdstuk 4 werd geen verschil gevonden in spermakwaliteit na ontdooien, voor een 
verdunner met 3% in plaats van 5% glycerol. Echter, omdat hoge glycerol concentraties de 
vruchtbaarheid belemmeren bij diersoorten zoals het paard en rund, krijgt de laagste 
effectieve glycerol concentratie de voorkeur. Wij hebben ook de mogelijke geschiktheid 
onderzocht van methylformamide (een amide cryoprotector) als vervanger voor glycerol; 
deze was niet aantoonbaar beter om invries-gerelateerd schade te voorkomen maar is wel een 
potentieel alternatief als de vruchtbaarheidsresultaten bij gebruik van glycerol bevattende 
verdunners blijven tegenvallen. Daar spermacellen van Aziatische olifantenstieren hypo-
osmotische stress ondergaan tijdens de invries/ontdooi cyclus, kunnen wij ons voorstellen 
dat een multi-stap verdunningsprocedure om het glycerol geleidelijk te verwijderen na 
ontdooien, het herstelproces zou bevorderen door het risico van osmotische schade te 
verminderen (Hoofdstuk 4). 

Niet geheel onverwacht was de kwaliteit van olifanten sperma kort na het 
spermavangen ook in zeer belangrijke mate bepalend voor de kwaliteit na het invriezen en 
ontdooien (Hoofdstuk 4). Daarom is het hoge percentage ejaculaten dat bij winning meteen 
al een slechte kwaliteit heeft een aanzienlijk obstakel voor het ontwikkelen van betrouwbare 
sperma bewaar technieken en ook bij het verbeteren van KI resultaten bij Aziatische 
olifanten. Omdat slechte spermakwaliteit vooral een probleem lijkt te zijn bij 
gedomesticeerde Aziatische olifantenstieren, zou het verbeteren van zaadcelkwaliteit in het 
ejaculaat een cruciale rol kunnen spelen bij het breder inzetten van KI bij deze diersoort. Daar 
de spermakwaliteit bij sommige stieren verbeterde wanneer sperma vaker werd afgenomen 
(hoewel het gemiddelde verschil niet groot was), hebben wij verder kunnen onderbouwen dat 
de ophoping van zaadcellen een rol speelt bij de afname van spermakwaliteit. Eén van de 
kenmerken van spermaophoping is het hoge percentage verouderde zaadcellen in het 
ejaculaat en dode cellen waarbij kop en staart los van elkaar zijn gekomen; het percentage 
dode zaadcellen met losse koppen nam af in het ejaculaat wanneer er frequenter (om de dag 
durende 10 dagen) sperma werd afgenomen (Hoofdstuk 5). Verder leek de omvang van één 
van de accessoire geslachtsklieren (de ampullae) gerelateerd te zijn aan spermakwaliteit; 
echter de reden voor dit verband is onduidelijk en moet nader onderzocht worden (Hoofdstuk 
5). 

 Voor het behouden van genetisch diversiteit binnen de gehele populatie is het 
essentieel om zo veel mogelijke individuele olifantenstieren als potentieel fokdier te 
behouden, daarom blijven pogingen om de spermakwaliteit en houdbaarheid te verbeteren 
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uitermate gewenst. Echter, ook wanneer er effectieve protocollen zijn ontwikkeld om sperma 
van goede kwaliteit te vangen en te bewaren is er nog geen garantie op een succesvol KI 
programma. Het minimaal aantal ‘vruchtbare’ spermacellen nodig voor bevruchting, het 
optimale tijdstip voor inseminatie, de optimaal anatomische locatie voor het deponeren van 
het sperma in het vrouwelijke geslachtsapparaat zijn allemaal onderwerpen waar aandacht 
aan besteed moet worden. Deze factoren zijn alle zeer belangrijk om in de toekomst ook bij 
gebruik van KI te komen tot goede voortplantingsresultaten bij de Aziatische olifant. 
  



 

121 | P a g e  

Acknowledgements 

Without the support of many people and organizations, I would certainly not have 
been able to achieve the completion of this thesis. I am deeply grateful for their help and 
kindness. 

Firstly, I would like to thank the European Commission that via the EU-Asia-Link 
Project on ‘‘Managing the Health and Reproduction of Elephant Populations in Asia’’ 
TH/Asia Link/012 (9141055) granted me the opportunity to do this PhD scholarship, and also 
to the Faculty of Veterinary Medicine, Kasetsart University for choosing me to be one of the 
PhD students in this program and for providing the necessary laboratory facilities. 

My sincere appreciation goes to my supervisors, Prof. Dr. Tom Stout and Assoc. 
Prof. Dr. Anuchai Pinyopummin (Faculty of Veterinary Medicine, Kasetsart University) for 
their support, advice and encouragement which really helped me to deal with any problems 
in studying and organizing my working life. I am also grateful to my ‘non-official’ 
supervisors, Prof. Dr. Ben Colenbrander, Ass. Prof. Dr. Nikorn Thongtip (Faculty of 
Veterinary Medicine, Kasetsart University) and Prof. Dr. William Holt (Institute of Zoology, 
London), for all their advice and support as well as for their prompt editing of manuscripts 
and of the thesis itself. Prof. Dr. Ben Colenbrander thank you for pushing me to carry on 
making progress during my studies. Ass. Prof. Dr. Nikorn Thongtip thank you for giving me 
an opportunity to enter the EU-Asia Link project as a PhD student, and introducing me to 
research on elephant spermatozoa. I have learnt a lot from Prof. Dr. William Holt in terms of 
experimental skills, data analysis, writing manuscripts and dealing with reviewers’ 
comments. He encouraged greatly me by telling me that my work was worthy of publication. 
Thank you for lab training at the Institute of Zoology, London and for inviting me to join 
your memorable event, being awarded the Brian Setchell medal. Valuable corrections, 
suggestions and comments from my supervisors helped make the manuscripts and my thesis 
complete.             

I would like to express my sincere appreciation to Piyawan Suthanmapinanth and 
Kornchai Kornkaewrat, experienced technicians in animal sperm analysis and preservation 
at the Faculty of Veterinary Medicine, Kasetsart University for their kind support, help and 
cordiality during my laboratory work in Thailand. I feel like they are family member, just 
like an older sister and brother that are always beside me to help me confront problems.  

I am grateful to Sittidet Mahasawangkul, Head of the Elephant Hospital, National 
Elephant Institute (NEI), Thailand for his help and support in collecting samples and 
providing accommodation at the Elephant hospital, and also to the veterinarians, staff and 
mahouts at NEI: Taweepoke Angkawanich, Saran Janittiwate, Khajhonpat Boonprasert, 
Pongphol Homkong, Petthisak Sombutputorn, Titiporn Keratimanochaya, Warangkhana 
Langkaphin, Pitikarn Bampenpol, Thaladchanant Wiwattanawilai, Ladtikarn Sutthi, 
Sirikamonporn Jaiklar, Chitanant Manee-yod, Prajon Peer-sai, Fan Thi-yod and Somboon



Acknowledgements 

122 | P a g e  

Muangmalar for their kind help and friendship. Because of them, I had a good time during 
sample collection and laboratory work at NEI. 

I would like to express my gratitude to Asst. Prof. Dr. Kulnasan Saikhun, Institute 
of Molecular Biosciences, Mahidol University, for helping me with spermatozoa analysis by 
flow cytometry, and also to Assoc. Prof. Dr. Worawidh Wajjwalku and Orawan Boodde, 
Faculty of Veterinary Medicine, Kasetsart University for providing laboratory facilities and 
scientific discussion. My appreciation is also extended to Dr. Rhianon Lloyd and Dr. Roslyn 
Elliott for helping and teaching me in laboratory technqiues at the Institute of Zoology, 
London and thank you Rhianon for your kindness as a nice guide for my weekend trip to 
London.   

My great thanks also go to Prof. Dr. Jaime Gosálvez, Departamento de Biología, 
Unidad de Genética, Universidad Autónoma de Madrid, Madrid for helping me with sperm 
DNA fragmentation analysis and offering a useful semen extender to test, also to Dr. Marta 
Hernandez for collaboration during her research fellowship at the Institute of Zoology, 
London and Sukuman Rittem for collaboration during her master’s degree studies at 
Kasetsart University and for their help, support and friendship. Mr. Anawat Uthaichalanont 
and Ms. Jatulada Khankanrai, A.P.Tec (Thailand)) Co., Ltd., thank you for all your kind 
support and encouragement. 

Many thanks to Asst. Prof. Dr. Chatchote Thitaram, Faculty of Veterinary Medicine, 
Chiangmai University and Pichai Jirawattanapong, Faculty of Veterinary Medicine, 
Kasetsart University for scientific discussions, assistance and support, especially during my 
stay in the Netherlands, also to Printip Wongthai, Faculty of Veterinary Medicine, Kasetsart 
University for her help and encouragement. 

I would like to thank Dr. Robert Paling, director of the Bureau of International 
Cooperation (BIC) and his team (Helen, Jean, Adja, Rosita and Marielle) for helping me 
during my stays in Utrecht. My thanks also extend to Dr. Edita Sostaric for helping me greatly 
with laboratory techniues, and also for accepting to be my paranimf. Dr. Jason Tsai, Arend 
Rijneveld and Mabel Beitsma, thank you for all your help, support and friendship during my 
work periods at the Reproduction Laboratory in the Jeannette Donker-Voet (JDV) building. 
Dr. Damien and Dr. Monique Paris and the secretaries of the Equine Sciences Department 
(Birgit and Marloes), thank you for your friendship and help. My roommates in the JDV 
building, Suthathip Dejchaisri, Bart Vlamings and Aruna Amarasinghe, thank you for your 
help, friendship and encouragement. I had a very good time and many memorable 
experiences in Utrecht. Special thanks to Manon Vos-Loohuis for her help, kindness and 
friendship, and also for accepting to be my paranimf. 

My appreciation also goes to my landlord in Utrecht, Grace Punongbaya and her 
family, Roger, Dino and Maris Arcilla for their warm support and encouragement during my 
stays in Utrecht. Many thanks to my Thai friends in Utrecht; Chaleamchart, Naruepol, 
Gamonsiri, Jaturong, Manoch, Roschong, Ranitha, Papaporn, Rittichai and Jedee for their 
help, support and friendship. They were a big source of happiness during my stays in Utrecht.     



Acknowledgements 

123 | P a g e  

My best friend, Thitiwan Pattanasatienkul, thank you for helping me with statistical 
analysis and for your encouragement. I am really indebted for your support. You have never 
said ‘No’ when I asked you for help or advice. I hope our friendship will never end. 

Lastly, I would like to express my thanks to my lovely family; my mother, father, 
elder brother, sister-in-law, aunt, cousins and especially my husband for their support and 
encouragement. They are always beside me whether I am sad, mad or having a bad day. I can 
smile and get through the problems because of them.    



 

 

 

  



 

125 | P a g e  

Curriculum Vitae 

 Podjana Wattananit (neé Imrat) was born on Thursday 13th January, 1983 in 

Nakhon Pathom, Thailand. After finishing high school at the Demonstration School of 

Silpakorn University in 2001, she began her undergraduate studies at the Faculty of 

Veterinary Medicine, Kasetsart University. She started doing research on Asian elephant 

spermatozoa in 2005 as a fifth year veterinary student. In 2007 she obtained her Doctor of 

Veterinary Medicine (DVM) degree with second class honours and was selected as a PhD 

candidate by the commission of the Faculty of Veterinary Medicine, Kasetsart University for 

the EU-Asia-Link Project on ‘‘Managing the Health and Reproduction of Elephant 

Populations in Asia’’ TH/Asia Link/012 (9141055). She enrolled as a PhD student at the 

Faculty of Veterinary Medicine, Utrecht University, one of the partners in the EU-Asia-Link 

Project, in November 2007. Her research focused on semen analysis, quality and preservation 

in Asian elephants in the captive population in Thailand.   



 

126 | P a g e  

List of Publications 

(Peer-reviewed journals) 

 

Imrat P, Suthanmapinanth P, Saikhun K, Mahasawangkul S, Sostaric E, Sombutputorn  

P, Jansittiwate S, Thongtip N, Pinyopummin A, Colenbrander B, Holt WV, Stout 
TA. 2013. Effect of pre-freeze semen quality, extender and cryoprotectant on the 
post-thaw quality of Asian elephant (Elephas maximus indicus) semen. 
Cryobiology 66(1): 52-59. 

 

Imrat P, Mahasawangkul S, Gosalvez J, Suthanmapinanth P, Sombutputorn P,  

Jansittiwate S, Thongtip N, Pinyopummin A, Colenbrander B, Holt WV, Stout 
TA. 2012. Effect of cooled storage on quality and DNA integrity of Asian elephant 
(Elephas maximus) spermatozoa. Reprod Fertil Dev 24(8): 1105-1116. 

 

Imrat P, Hernandez M, Rittem S, Thongtip N, Mahasawangkul S, Gosalvez J, Holt  

WV. 2012. The dynamics of sperm DNA stability in Asian elephant (Elephas 
maximus) spermatozoa before and after cryopreservation. Theriogenology 77(5): 
998-1007. 

 

Thongtipsiridech S, Imrat P, Srihawong T, Mahasawangkul S, Tirawattanawanich C,  

Saikhun K. 2011. Seminal plasma MDA concentrations correlating negatively 
with semen quality in Asian elephants. Thai J Vet Med 41(2): 199-204. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




