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ABSTRACT
The present study was conducted to assess the motility and velocity parameters of sperm of normal
intact and unilateral cryptorchid mithun bull by computer assisted sperm analyzer (CASA). Twenty
ejaculates were collected from cryptorchid (n=10) and normal intact (n=10) bull. The different
parameters assessed through CASA were static sperms (SM), Total Motility (TM), forward progressive
motility (FPM), Average Path velocity (VAP), Average beat/cross frequency (BCF), Straightness
(STR), Average straight line velocity (VSL), Average curvilinear velocity (VCL), Average amplitude of
lateral head displacement (ALH), Wobble (WOB), Linearity (LIN), Elongation (EL). The result showed
that these CASA parameters differed significantly (p<0.05) between the intact and cryptorchid mithun
bull and intact mithun bull has significantly (p<0.05) higher value than cryptorchid mithun bulls. It was
concluded that most of the CASA parameters were significantly lower in cryptorchid bulls than intact
bull and however, due to the genetic hereditary nature of cryptorchid, these bulls should not be used for
breeding purposes.
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1 Introduction
Cryptorchidism is referred to an abnormal retention of
undescended testicle, which may be retained within the
abdominal cavity or inguinal canal. Generally, cryptorchidism
is detected at time of birth or thereafter shortly.
Cryptorchidism may be unilateral or bilateral and unilateral
cryptorchidism is more common in all the species. Incidence of
cryptorchidism in bovine species is very low as compared to
other domestic animals species (about 0.1%) and this defect is
hereditary in nature. Among the cryptorchidism, incidence of
unilateral was represented as 78, 90, 45-70, 81-93, 66-89, 59,
100 and 62%, respectively for different species such as feline,
bovine, canine, equine, humans, porcine, rabbits and ovine,
respectively (Amann & Veeramachaneni, 2007). Location of
undescended /retention testis also varied depending upon
species of the animals (Amann & Veeramachaneni, 2007). In
general, cryptorchid testes are hypoplastic and atrophied and
do not produce spermatozoa/ aspermatogenesis and bilateral
cryptorchids are sterile in nature (Kawakami et al., 1995). But
unilateral cryptorchids may be fertile if the descended
contralateral testis is functional (Kaki & Sofikitis, 1999).
Percentage of infertility in unilateral cryptorchidism differed
between 10 (Tellaloglus et al., 1994) to 100 % (Patkowski et
al., 1992), but in bilateral, it is 100% as both testes are not
functional. Studies were done on different species such as
bovine for the harmful effects of cryptorchidism on seminal
parameters (Marcus et al., 1997), canine (Kawakami et al.,
1995), porcine (Pinart et al., 1999), equine (Ras et al., 2010),
ovine (Smith et al., 2012), caprine (Igbokwe et al., 2013) and
human (Mieusset et al., 1995).
Subjective analysis of semen is carried out by traditional
conventional method like assessment of morphology, viability,
concentration and motility by bright field phase contrast
microscope in frozen semen bank and andrological laboratory
(Iguer-Ouada et al., 2001). The evaluation of semen quality
parameters such as sperm head behavior, swimming pattern,
motility, velocity etc., may benefit in better understanding of
the probable and possible function of sperm, semen quality and
selection of suitable semen and bulls for ultralow temperature
preservation in the mountain animal species. Various
models/methods are available to estimate sperm motility and
velocity parameters such as time-exposure or multiple
exposure photomicrography to the very sophisticated and
accurate analyser like computer-assisted sperm analysis
(CASA) techniques (Mortimer, 1997). Sophisticated
Computerized method of semen analysis supports accurate,
reliable, objective assessment, repeatable results in various
semen quality parameters, sperm concentration, total and
progressive forward motility and various velocity and motility
parameters based on the measurement of single and individual
sperm cells (Verstegen et al., 2002).
Similarly, recent finding supported that CASA system not only
estimate the proportion of motile spermatozoa but also assess
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other sperm motion and velocity parameters derived from
individual spermatozoa. Further, it has higher predictive power
on sperm fertility potential of sperm and semen (Mortimer,
1994). In addition to the use of sophisticated computerized
techniques to prognoses the semen fertility, CASA also
provides a useful tool to study the effects of different in vitro
and in vivo protocols on sperm velocity and motility as well as
the means to study the phenomenon of sperm hyper-activation.
Bull fertility was positively correlated with several
spermatozoa functional kinematic parametric indexes such as
TM, LIN, VSL, PFM, ALH and VCL (Farrell et al., 1996;
Perumal et al., 2011). Perusal of literatures showed no reports
on velocity and motility parameters in semen mithun suffered
cryptorchidism. Hence, the objective of this study was to
assess the effect of unilateral cryptorchidism on motility and
velocity parameters of mithun semen with computer assisted
sperm analyser to pursuit future sperm preservation protocols.
2 Materials and Methods
A mono-cryptorchid and a normal apparently healthy bull of
same age with good body condition (score 5-6) maintained
under uniform housing, feeding, lighting and managemental
conditions at the NRC on Mithun, Nagaland, India were
selected for the present study. Assessment and confirmation by
several examinations and evaluation like palpation of testes,
per rectal examination and visual for cryptorchidism condition
were carried out. The semen ejaculates were collected from the
mithuns affected and unaffected through transrectal manual
massage method two times in a week (Palmer et al., 2004). The
necessary experimental protocols performed was whereby
carried out as per the regulations implemented by the
Institutional Animal Care and Use Committee.
Using the Hamilton Thorne Sperm Analyzer the motility and
velocity parameters of sperm were assessed (HTM-IVOS,
Version 10.8, MA, USA). The sophisticated computer system
contains of a computer analyzing and saving the data, phasecontrast microscope, mini-therm heating stage, camera and
image digitizer. The software settings were prepared as
follows. Chamber type: Leja 4, fields acquired: 10, temperature
of analysis (ºC): 37.0, frame rate (Hz):60, minimum static
contrast: 35, number of frames: 30, minimum cell size (pixels):
5, VAP cut – off (µm/s):30, STR (%): 70, Prog.min VAP
(µm/s):50, cell intensity: 80, VSL cut-off (µm/s): 15and
magnification: 1.89.
Immediately, after semen collection, the sperm concentration
was first measured with a phase-contrast microscope (Nikon,
Eclipse 80i; 400× magnification). Semen (25 μL) of was
diluted with 50-100 μL of Tris (formulated for bull semen) and
5 μL of this extended semen was pipetted into a pre-warmed
(37°C) dual chamber disposable Leja slide and was allowed to
settle on the mini-therm thermo stage (38°C) just before the
assessment of motility and velocity parameters.
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Table 1 spermatozoa motility and velocity parameters of cryptorchid mithun bull.
CASA motility and velocity Parameters

Normal intact mithun bull
semen (n=25)
Forward Progressive motility (%)
86.00 ± 2.42b
Total Motility (%)
40.80 ± 2.50b
Curvilinear Velocity (VCL) (μm/sec)
260.38 ± 8.43b
Straight line Velocity (VSL) (μm/sec)
102.90 ± 5.34b
Average path Velocity (VAP) (μm/sec)
144.31 ± 6.37b
Linearity (LIN) (%)
49.30 ± 1.84b
Straightness (STR) (%)
78.90 ± 2.04b
Wobble (WOB) (%)
55.22 ± 1.42b
Amplitude of Lateral Head displacement (ALH) (μm)
10.01 ± 1.39b
Beat/Cross Frequency (BCF) (Hz)
27.55 ± 1.84b
Figures with same superscript (a, b) do not differ significantly (p<0.05) in rows
Assessment for the following velocity and mobility parameters
such as percentage of VCL (μm/sec), BCF (Hz), LIN (%), STR
(%), slowVSL (μm/sec), VAP (μm/sec), ALH (μm), WOB
(%), velocities of static, medium & rapid, FPM and TM were
done through CASA. A Minimum of 200 spermatozoa were
assessed from at least different two drops of individual sample
from each semen ejaculates. The objects were incorrectly
observed as spermatozoa were manually deleted and final
assessment was done for each semen sample.
The results in the present study were statistically analysed and
presented as the mean ± S.E.M. With the help of student„t‟ test
using the SPSS/PC computer program the significant
differences between the ejaculates of normal and cryptorchid
mithun were estimated (version 15.0; SPSS, Chicago, IL).
Values of p<0.05 was found for statistically significant
differences. With the help of correlation coefficient the
correlation between the motility and velocity parameters were
established.
3 Results and Discussion
The percent of total motility and forward progressive motility
were significantly (p<0.05) higher in ejaculates of normal noncryptorchid than in cryptorchid mithun bulls. Similarly,
velocity parameters were significantly (p<0.05) higher in
normal non-cryptorchid than in cryptorchid mithun bulls
(Table 1). Thus, it may enhance the quality of semen by
cryopreserving effectively in artificial breeding procedure.
There was no report on motility and velocity parameters of
CASA on cryptorchid mithun bull semen and to the best of our
knowledge this is the first report of the measurement of
motility and velocity parameters by the sophisticated sperm
analyser. It is subjective and difficult for determining the
sperm motility using the traditional conventional simple
microscopical models/ methods. Reports have been made,
wherein the estimation of velocity motility parameters of the
same ejaculates had shown high variations (Mortimer et al.
1986). Computer sperm analysis is an accurate technique
utilized for the measurement of the velocity and motility
_________________________________________________________
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Unilateral cryptorchid mithun bull
semen (n=25)
60.90 ± 3.19a
23.50 ± 1.89a
190.89 ± 5.73a
68.74 ± 3.21a
98.74 ± 3.86a
36.60 ± 1.61a
67.00 ± 1.76a
51.93 ± 1.58a
4.90 ± 1.13a
21.35 ± 1.96a

parameters of mithun semen. In a span short time period high
numbers of spermatozoa/semen can be estimated individually
(Verstegen et al., 2002).
As compared with the report of early authors, the velocity and
motility parameters were highly varied in mithun bulls (Farrell
et al., 1996). Velocity and motility parameters had shown
distinct differences with the parameters like time of collection,
energy stores of sperm, age, time between ejaculations,
viscosity, pH, ionic concentration, presence of agglutins and
detergents, osmolarity, temperature in the seminal plasma and
also the availability of the mineral elements like copper, zinc,
manganese, and other hormones, PGs, etc. (Blasco, 1984).
The sperm mobility character can be contributed to specific
sperm velocity parameters of individual sperm as determined
by computer assisted sperm analysis. The velocity and motion
parameters like VSL, LIN and BCF are very important for the
overall characters of spermatozoa in bulls and as these
parameters were significantly associated with sperm mobility
and velocity. Experiment carried on for various types of sperm
mobility representing VCL, VSL, VAP, LIN, STR, WOB,
ALH, BCF and others have been shown in Table 1. The
parameters VSL, VAP, VCL, LIN, and BCF were also
significantly higher for the ejaculates collected from the
normal intact mithun bulls as high mobility as compared with
the cryptorchid mithun males. Thus, high-mobility sperm swim
faster and straighter than did low-mobility sperm. This is due
biologically significant as because the sperm mobility and
velocity phenotype on the basis of investigation with the
ejaculates is diagnosis of fertility (Froman & Feltmann, 1998;
Froman et al., 1999).
The result of the present study revealed that the percent of total
motility and forward progressive motility were significantly
higher in intact mithun bulls than cryptorchid mithun bulls.
Similarly, velocity parameters were significantly higher in
intact mithun bulls than cryptorchid mithun bulls. Similar
report was not available in cattle and other species to compare
the present study results.
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Table 2 Correlation between the motility and velocity parameters of sperm of normal intact mithun semen.
FPM
TM
VCL
FPM
1.00
0.74*
0.67*
TM
1.00
0.95*
VCL
1.00
VSL
VAP
LIN
STR
WOB
ALH
BCF
*Correlation coefficient were significant, p< 0.05

VSL
0.69*
0.93*
0.95*
1.00

VAP
0.72*
0.94*
0.97*
0.95*
1.00

However, the motility and velocity parameters were measured
by CASA in domestic animal species such as crossbred cattle
(Perumal, 2008; Perumal et al., 2011), Bali cattle (Sarsaifi et
al., 2013), buffalo (Anil Kumar et al., 2011; Koonjaenak et al.,
2007), sheep (Kumar et al., 2010), goat (Kozdrowski et al.,
2007), boar (Broekhuijse et al., 2012) and dog (Domosławska
et al., 2013).

LIN
0.55
0.73*
-0.85*
-0.76*
-0.84*
1.00

STR
0.70*
0.82*
-0.85
-0.80*
-0.88*
0.77*
1.00

WOB
0.65*
0.72*
0.65*
0.66*
0.78*
-0.45
-0.93*
1.00

ALH
0.65*
0.93*
0.95*
0.94*
0.97*
-0.76*
-0.85*
0.74*
1.00

BCF
0.66*
0.95*
0.94*
0.93*
0.94*
-0.75*
-0.86*
0.76*
0.93*
1.00

ejaculates with high PFM and TM had significantly higher
average path velocity, progressive velocity and track speed.
This was similar to the findings of earlier reports (Anil Kumar
et al., 2011; Perumal et al., 2011; Perumal, 2008) for path
velocity. The VAP was highly significant and correlated
positively with track speed, progressive velocity and ALH.
Similarly, the highly significant positive correlation was
observed between VAP, VCL, VSL and ALH, between VCL
and VSL and between ALH with VSL, VAP and VCL
suggested that the velocity ad motility parameters were
correlated, interrelated and associated among the velocity
parameters and with amplitude of lateral displacement. Beat
cross frequency was significantly and positively highly
correlated with ALH. Anil Kumar et al. (2011), Perumal et al.
(2011) observed that a positive correlation was similar to the
present experiment between beat cross frequency and ALH.
BCF and ALH indicating the head behaviour of the sperm are
significantly variable and average value of these parameters
were observed within the range from the previous studies. The
authors also found that there was a highly significant negative
correlation observed between STR and WOB and a similar
result was observed in the present study. In cryptorchid mithun
semen, there was positive correlation between the VCL and,
VSL, VAP, ALH, BCF. Similarly, in normal intact bull, VCL
is positively correlated with VSL, VAP, STR, ALH and BCF
and negatively correlated with WOBB (Table 3) (Anil Kumar
et al., 2011; Perumal et al., 2011).

The cryptorchid mithun showed the decreased sperm motility
& velocity and all motile spermatozoa were also nonprogressive in nature as reported in other affected domestic
livestock animals (Pinart et al., 1999). Most common reason of
reduced motility and velocity in cryptorchid bull are abnormal
spermatogenesis and spermiogenesis, which alter the
ultrastructure of sperm tail (Gopalkrishnan et al., 1995), affects
the secretory activity of accessory sex glands and epididymal
epithelium, which changes the biochemical structure of
epididymal fluid, leads to poor development of sperm motility
and velocity in the epididymal duct (Yeung et al., 1993) and
vitiated (impaired) functionality of the accessory sex glands
may not only produces changes in the ejaculate volume, but
even changes in the semen osmolality that are responsible for
alterations of motility and velocity of spermatozoa
(Gopalkrishnan et al., 1995).
Semen samples with high forward progressive motility and
total motility had significantly higher positive correlation with
velocity parameters in normal intact mithun bull (Table 2). The

Table 3 Correlation between the motility and velocity parameters of sperm of unilateral cryptorchid mithun semen.
FPM
TM
VCL
FPM
1.00
0.59
0.04
TM
1.00
0.26
VCL
1.00
VSL
VAP
LIN
STR
WOB
ALH
BCF
*Correlation coefficient were significant, p< 0.05

VSL
0.12
0.15
0.86*
1.00
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VAP
-0.08
0.16
0.92*
0.89*
1.00

LIN
-0.08
-0.32
-0.24
0.27
-0.12
1.00

STR
-0.12
-0.22
0.04
0.11
0.13
0.85*
1.00

WOB
-0.06
-0.38
-0.52
-0.58
-0.33
0.62
0.17
1.00

ALH
0.11
0.13
0.93*
0.86*
0.97*
-0.12
0.22
-0.43
1.00

BCF
-0.15
0.22
0.85*
0.64
0.81*
-0.43
-0.19
0.94*
0.81*
1.00
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Spermatozoa with progressive forward motility along with
certain velocity parameters are essential for the spermatozoa to
reach the site of fertilization and achieve fertilization.
Parameters such as progressive forward motility, VSL, VCL,
ALH and LIN were associated with the fertility of the bull
(Farrell et al., 1996; Perumal et al., 2011). The VSL is the
determination of average path velocity of spermatozoa head
along a straight line from its starting position to last position
measured. The VCL is the average path velocity of the
spermatozoa head along its actual trajectory. The percentage of
LIN is the ratio between VSL and VCL. The ALH is the
average value of the extreme side-to-side movement of the
spermatozoa head in each beat cycle. A very high ALH and
VCL in the spermatozoa suggested the higher bending of the
mid piece and having a higher ALH. This gives importance the
hyperactivation of the spermatozoa.

effects of different in-vitro protocols on sperm velocity and
motility as well as the sperm hyperactivation phenomenon
(Farrell et al., 1993) and similar observation was found in the
current study.

The high energy state of the germ cells is the hyperactivation,
which is essential for sperm penetrating through the cervical
mucus and thus fusing with the oocytes (Aitken et al., 1985).
Spermatozoa velocity and motility parameters indicate
indirectly their mitochondrial membrane potential. In cattle
species, some specific motion and velocity parameters have
been reported to be correlated to fertility (Budworth et al.,
1988; Farrell et al., 1996). However, the threshold levels for
velocity and mobility parameters have not yet been
standardized to understand a general consensus purpose .
Furthermore, the CASA parameter, linearity or linear motility
is significantly higher suggests that the sperm cells has higher
fertilization potential rate as compared to the total as well as
forward progressive motility (Cremades et al., 2005) and
ejaculates contains such sperm has higher fertility percentage
and pregnancy rates after artificial breeding (Farrell et
al.,1998).
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Based on the current study, it was concluded that unilateral
cryptorchidism causes subfertility/infertility in males due to
significant alterations in the seminal and scrotal & testicular
parameters of mithun. Results revealed from the study that
most of the important sperm velocity and motility parameters
of computer assisted sperm analyser were significantly lower
in ejaculates of cryptorchid mithun bulls in comparison to the
ejaculates of normal intact mithun bulls. Due to the genetic
hereditary nature, cryptorchid or monorchid diagnosed bulls
never be used for breeding purposes either natural or AI
program.
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