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ABSTRACT

The objective of this study was to enhance the hypo-osmotic swelling test evaluation when
it reads under light microscope using 5% formaldehyde-fixed sperm solution buffer (FSSB).
Twenty four ejaculates were collected from six crossbred bulls using electro-ejaculator
(EE). Tris-egg yolk extender was used to cryopreserve the semen. Concentration, volume,
motility, morphology and viability rates of fresh semen were evaluated and samples were
cryopreserved in liquid nitrogen. After two weeks of liquid nitrogen treatment (freezing),
the motility, morphology and viability rate of the semen were evaluated. In order to carry
out a hypo-osmotic swelling test, post-thaw semen was divided into four aliquots based on
period of incubation (30 or 60 minutes) adding FSSB to half the samples. The components
of FSSB were 5% formaldehyde and 1% eosin-nigrosin stain in PBS. Results showed
that Fgy (61.48 £0.89%) resulted in higher percentage (P<0.05) of total membrane intact
compared with F3; (54.40 £1.34%) and N3, (53.96+1.17%), but did not differ (P>0.05)

with Ng, (60.90£0.70%). In conclusion,

adding 10 pl of FSSB after 60 minute of
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INTRODUCTION

Super-vital staining and hypo-osmotic
swelling tests (HOST) are used to validate
the membrane integrity of spermatozoa;
HOST however, is the most preferred
technique because it is easy, simple, frugal,
and quick (Tartagni et al., 2002).

Sperm cell swelling was first discussed
by Drevius and Eriksson (1966), and its
deformities were illustrated by developing
a HOST for human (Jeyendran et al.,
1984) and bull sperm (Revell & Mrode,
1994) based on sperm cell permeability
to allow it to swell under hypo-osmotic
situation. Therefore, HOST can determine
the viability of sperm by increasing cell
volume to obtain the balance between inside
and outside solutions.

Swelling of the spermatozoon usually
begins at the tail as the membrane at this
area was loosely held, and then moves
toward mid piece and head, while the dead,
non-bioactive sperm has a normal shape
because of their leaky membrane (Jeyendran
et al., 1984). Hence, coiled tail, shortening
of the tail and swelling head are shown in the
test. This study was conducted to determine
the effect of using formaldehyde and eosin-
nigrosin stain on bull sperm. .

MATERIALS AND METHODS

Animal Selection

Six fertile bulls (four Brangus—Simmental
crossbred and two Sahiwal-Friesian
crossbred) were selected for this study. They
were between three and five years old, and

weigh between 570 kg and 650 kg. They
were kept in a separate pen at Universiti
Putra Malaysia farm. All bulls were fed
with Brachiaria decumbens and additional
3 kg/BW palm kernel cakes concentrate.
The water and mineral block were provided
ad libitum.

Semen Collection and Processing

Semen from all bulls were collected using an
electro-ejaculator (EE) (Ideal® Instruments
Neogen Corporation, Lansing, Michigan,
USA) as described by Sarsaifi et al. (2013).
Freshly collected semen were evaluated and
accepted at a concentration > 600 x 10%/ml,
motility > 75%, morphology and viability
> 85%. After evaluation, semen was diluted
to final concentration of 20 x 10° sperm per
0.25ml straw using the formula below:

a. Number of Straws = Concentration
of semen x Volume x Motility%* /
N**

b. The total volume = number of
straws x volume of one straw

c. Volume of extender = total volume
— volume of semen

*  Percentage of motility to cancel
the percentage of immotile
sperm

** N = number of sperm per
straw (in this study was 20 x
10°sperm/ml)

Tris-egg yolk extender was prepared
according to Amirat-Briand et al. (2010).
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It was divided into two fractions, the first
fraction contained 0% glycerol (Tris: 2.24 g,
citric acid: 1.48 g, fructose: 1 g, and 20% egg
yolk in 100 ml extra pure of distilled water)
while the second fraction had the same
ingredients except for 12.8% glycerol. The
first fraction of extender (without glycerol)
was added to the semen and maintained at
between 2°C and 5°C for three hours. The
second fraction of extender (with 12.8%
glycerol) was added at chill temperature
and then immediately concussed and loaded
in 0.25 ml French straws (Berndtson &
Foote, 1969) and frozen in liquid nitrogen
using the following steps: a) all straws
were placed approximately 6.5 cm over
the liquid nitrogen for five minutes, b) the
distance was lowered to approximately 3.0
cm over liquid nitrogen for five minutes,
and c) the distance lowered again to about
1.0 cm above the liquid nitrogen for three
minutes. All straws were plunged into liquid
nitrogen immediately after that and stored in
a cryogenic tank. Straws were thawed after
14 days for further evaluation.

Hypo-Osmotic Swelling Solutions
Preparation

All chemicals used in this study were
purchased from Sigma Co. (Sigma Chemical
Co., St. Louis, MO, USA). Hypo-osmotic
swelling solution (HOSS) was prepared as
described by (Jeyendran et al., 1984; Revell
and Mrode, 1994). It contains 0.9 g fructose
and 0.49 g sodium citrate dissolved up to
100 ml in distilled water. For preparation
of 5% formaldehyde-fixed sperm solution

buffer (FSSB), 5.0 ml of formaldehyde
was added and mixed with 95.0 ml of
phosphate buffered saline (stock solution).
Then, 1.0ml from the stock solution was
removed and added 1.0ml of eosin-nigrosin
stain to achieve a final concentration of 5%
formaldehyde and 1% eosin-negrosin stain.

Semen Evaluation

Sperm motility and concentration were
evaluated using computer assisted sperm
analyser (CASA; Hamilton Thorne
Bioscience). Frozen straw is first thawed in
a water bath at 37°C for 30 sec. About 10
ul of semen was placed on a dry warm dual
sided sperm analysis chamber and covered
with a cover glass. After one to two minutes
the slide was placed in CASA, and at least
three microscopic fields were read from
each chamber.

The viability (Memon et al., 2012) and
morphology (Chemineau et al., 1991) of
sperm were evaluated using eosin-nigrosin
stain. For this, 5 pl of semen was mixed
with 15 pl of eosin-nigrosin for one minute
at room temperature. Then, the smear was
allowed to dry on hotplate stage (Copens
Scientific (M) Sdn. Bhd.) maintained at
37°C and subsequently examined under a
light microscope (Nikon Japan, ECLIPSE
E200) at 40X magnification. Stained sperm
head was classified as dead sperm while
white sperm head was indicated as live.
Sperm abnormalities were also determined
where at least 200 sperms were evaluated
at 100X.
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Hypo-Osmotic Swelling Test

This experiment was divided into four
different groups. For each group, 10 ul of
post-thawed semen was incubated with 80 pl
of HOSS in water path at body temperature.
The 1% group (F3) and 2™ group (N;,) were
incubated for 30 minutes, while 3™ group
(Feo) and 4™ group (N4) were incubated
for 60 minutes. At the end of incubation
period, 10 pl of FSSB was added to F;, and
another 10 pul of FSSB was added to Fy, to
stop reaction, fix the shape of sperm and
to give the medium some colours (F refers
to that group that had FSSB at the end of
incubation period, while N means none.
On the other hand, the subscript ;, refers to
the incubation period of 30 minutes while
the subscript 4 refers to the incubation
period of 60 minutes). For groups N, and
Neo, immediately at the end of incubation
period, 10 pl of the mixture was placed on
a warm microscopic slide and covered with
cover slip and evaluated under microscope
(400X). Groups F;, and F4, underwent
similar process but they were evaluated

Table 1

after 5 minutes of adding FSSB. Sperm with
intact membranes swelled and their tails
curled while sperms with damages in their
membranes remain unchanged. At least 200
sperm with intact and non-intact membranes
were recorded.

Statistical Analysis

Data was analysed as mean =+ standard error
of the mean (SEM). Descriptive statistic
and one way ANOVA were used to analysis
HOST, fresh and cryopreserved semen while
t-test pairs analysis was used to examine
semen parameters to compare motility,
morphology and viability before freezing
and after thawing using SPSS version 22
for windows (SPSS Inc.; Chicago, IL, the
USA).

RESULTS

Fresh and cryopreserved semen analysis

Table 1 shows that the concentration of
fresh sperm was greater in bull B231
1270.25 X 10°+ 66.91 sperm/ml, and it

Sperm parameters of fresh and cryopreserved bull semen (Mean=SEM)

BullID N  Concentration X 10° Fresh semen Post-thawed semen
Spermatozoa/ Volume/ml  Motility% Morphology ~ Viability%  Motility% Morphology  Viability%
% %

TI04 4 995.00+81.80% 8.88+2.42 8625+ 239%  97.00+ 041° 94.00+0.58 41.00£2.61 94754032 65134229
B9001 4 775.00+47.87° 9254160  77.00+1.00°  93.0041.39% 89.25+120° 3325+1.80  89.63£092  55.75+3.71
B229 4 117500412500 5874072 84254295 93754136 91124133 53504630 92874052  71.75£225
B2l 4 127025+6691° 850029  8625+239%  8687+0.77° 87374097 4775+557 86754048 7075+ 1.88
B206 4  117625+3325%  378+0.13 8675+ 118  9475+025° 87.50+0.65 S1.75+1.80 90.88+037  69.25 .11
T902 4 845.00+90.97% 500071 7725095  96.13%037% 87.00+041® 47.00 £4.10 92.12+043 6925+ 1.31
Totall 24  1039.42+47.81 6.88=0.63 8296+ 1.13°  93.60+£0.76° 89374062 4571£2.06 91174056 6698+ 1.39

"Parameter of fresh semen with asterisk (")compared with the same parameter of post-thawed semen.
b and ® — different superscripts in the values of each bull in the column ‘concentration’, ‘motility’, ‘morphology” and ‘viability’ differ significantly at P<0.05
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was significantly high (P<0.05) compared
with bull 9001 775 X 10° + 47.87 sperm/
ml. There were no significant differences
(P> 0.05) in the volume of fresh semen.
The motility rate of fresh semen was
greater in bull B206 and it was highly
significant (P< 0.05) compared with bull
9001 and T902. Sperms with good integrity
and viability were recorded in bull T104
97 £ 0.41% and 94 + 0.58% respectively.
They were significantly higher (P<0.05)
compared with bull 231.

Results show that the concentration,
volume, motility, morphology and viability
of fresh crossbred bulls semen were 1039.42
X106 + 47.81(sperm/ml), 6.88 £ 0.63 ml,
82.96 £ 1.13%, 93.60 + 0.76% and 89.37
+ 0.62% respectively. Results showed that
motility, morphology and viability of frozen
semen were reduced where (P<0.01) 45.71
+2.06%, 91.17 +0.56% and 66.98 +1.39%
respectively compared with fresh semen.

Table 2

Cell membrane integrity

Membrane integrity of post-thawed semen
was read via two incubation periods, 30 and
60 minutes with HOSS and with or without
adding FSSB. According to Table 2, the ratio
of membrane integrity in F¢, 61.48 +0.89 %
was high (P<0.01) compared with F3,54.40
+ 1.34% and N;,53.96 + 1.17%. However,
there were no significant differences
between Fg, and Ng, that underwent the
same incubation period. Moreover, adding
FSSB gave some darkness to the solution
and enabled the coiled and swollen sperm
to be easily located (Figure 1).

DISCUSSION

In the present study, some semen parameters
were different based on the age of bulls (Al-
Kanaan et al., 2015). Significant differences
were recorded in semen volume, motility,

Cell membrane integrity using hypo-osmotic swelling test of cryopreserved bull semen

95% Confidence Interval for

Group N Mean Std. Error Mean Minimum
Lower Bound Upper Bound

F3o 1.34 51.63 57.16 43.50

N3 24 53.96 1.17 51.53 56.38 45.00

Fso 24 61.48° 0.89 59.65 63.31 52.00

Neo 24 60.90° 0.70 59.45 62.34 52.00

¢ and * — different superscripts within column differ significantly at P<0.01
F3p: 10 pl of thawed semen incubated with 80 pl of HOSS for 30 min at 37°C, and then FSSB was added

at the end of incubation period.

N3o: 10 pl of thawed semen incubated with 80 ul of HOSS for 30 min at 37°C, without adding FSSB.
Feo: 10 pl of thawed semen incubated with 80 pl of HOSS for 60 min at 37°C, and then FSSB was added

at the end of incubation period.

Nyo: 10 pl of thawed semen incubated with 80 ul of HOSS for 60 min at 37°C, without adding FSSB.
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Figure 1. Frozen bull sperm under hypo-osmotic condition; coiled sperm tail indicating intact membranes of

sperm. a) without adding FSSB; b) after adding FSSB

concentration, and output between older and
younger bulls. These findings are consistent
with previous works (Brito et al., 2002) on
genetic impact (Carabano et al., 2007), and
season (Al-Kanaan et al., 2015). However,
this study was conducted in a tropical region
which is limited by two seasons .

Semen response to the freezing varies
among males of the same species and in
different species, as shown in Table 1 when
motility rate was compared between bull
9001 (33.25 + 1.80%), and bull B231 (53.50
+ 6.30%). This difference may be due to age
(Foote, 2002; Snoj et al., 2013), or genetic
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material variations (Giirler et al., 2015a;
Snoj et al., 2013). However, differences
were not due to nutrition variation, since all
bulls were reared under similar conditions.

The protocol of freezing processes,
three steps of freezing in liquid nitrogen,
using tris-egg yolk extender obtained a
motility rate 45.71 £+ 2.06%, with 66.98 +
1.39 of viability rate; this is very near to the
universal acceptance of semen motility and
viability after cryopreservation (Hu et al.,
2011; Lessard et al., 2000; Watson, 2000).

The quality of freezing straw is limited
by many factors, such as genetic material
of the bull, motility of sperm before and
after freezing, number of sperms that can
pass the freezing stress with normal cell
membrane, acrosome, and DNA material
(Foote & Kaproth, 1997). In addition, the
collection of semen and its procedure,
age of sperm before using, shipping, and
the skill of insemination are important to
ensure the fertility rate of cryopreserved
semen (Rycroft & Bean, 1992). All these
factors are important to reduce the motility,
viability, and morphology rate significantly
of post thawing semen compared with fresh
semen (Yimer et al., 2014, 2015; Zhang et
al.,2015). Our findings are consistent with
those of earlier studies.

One of the most important parameters
to detect male fertility is morphology
of the sperm (Lasiene et al., 2013),
and abnormalities of sperm indicate
a genetic disorder in spermatogenesis
(Veeramachaneni & Sawyer, 1996).
Therefore, it might decrease the fertility
of semen (Nagy et al., 2013; Saacke, 2008;

Serafini et al., 2015). In the present study,
sperm morphology of frozen-thawed semen
was significantly reduced compared with
fresh sperm as previously highlighted (Al-
Makhzoomi et al., 2008).

Sperm have three layers and are rich
with polyunsaturated fatty acids, plasma,
mitochondrial, and acrosome membranes.
They are highly susceptible to oxidative
stress during cryopreservation processes
(Moussa et al., 2002). Furthermore, when
sperms are frozen, they are exposed to
increasingly hypertonic condition as a
result of the freezing water conditions
and intracellular solutes are at maximum
concentration. These may rupture the cell
membrane and affect the motility of the
sperm. Cell membrane rupture is clearly
associated with sperm viability loss (De
Leeuw et al., 1993). El-Nour et al. (2001)
used immotile sperm for ICSI that were
divided into two groups: one group was
tested using HOST (HOST-group) and
the other was not tested (no-HOST).
It was found that the pregnancy rate of
HOST-group (40%) was higher than the
no-HOST group (14%). Hence, if the
sperm pass HOST, it tends to increase
chances of pregnancy (EI-Nour et al.,
2001; Stanger, 2010). In addition, HOST
is easy, inexpensive and simple (Hossain
et al., 1998; Tartagni et al., 2002). All these
explain the value of HOST.

This study was designed to focus on
the reading method of the HOST to make
it easier and more precise for searchers
via adding FSSB immediately at the end
of incubation period of sperm in HOSS.
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Results showed that addition of FSSB
after 60 minutes of incubation with HOSS
showed positive impact to enhance the
test of membrane integrity. The reason for
adding formaldehyde at 5% is to stop the
reaction of sperm with HOSS solution and
keep the final shape of sperm at the end of
the incubation period. In addition, under
microscope, some sperm were seen moving
that leads to misreading of the exact number
of sperm that are active biologically. Thus,
formaldehyde at 5% will prevent the sperm
from moving and conserve their shape if the
osmolarity is changed. Moreover, adding
1% eosin-nigrosin stain provides some
darkness to the solution that will enable
easy spotting of coiled and swollen sperm.
HOST is good to test male fertility
(El-Nour etal., 2001; Liu et al., 1997; Perez-
Llano etal., 2001; Stanger et al., 2010). The
present study and previous ones (Revell and
Mrode, 1994; Zubair et al., 2013) depended
on HOST (Jeyendran et al., 1984) to prepare
the HOSS using sodium citrate in tri form
and fructose at osmolarity 150 mOsm/kg,
and tested on bull semen. In our study,
adding FSSB to the post thawed semen
that was incubated for 60 minutes seems to
increase the total percentage of membrane
intact and this was consistent with a study
conducted on Nili-River bulls (Zubair et
al., 2013). the authors had tested different
osmolarities of HOSS (70, 90, 100, 120,
140, 150, 190, 230, 280, and 300 mOsm/
kg) at similar incubation period (60 minutes)
and found that 150 mOsm/kg showed high
percentage of membrane integrity.

However, our observations are in
contrast with those of Revell and Mrode
(1994), The authors had attempted to look
for the best osmolarity in best incubation
period of membrane osmolarity resistant
correlated with pregnancy rate (49 days
non-return rate after Al), and found that the
best osmolarity for fresh bull semen was
150 mOsm/kg and 125 and 100 mOsm/
kg for frozen semen in 20 minutes of
incubation for both fresh and frozen semen.
The difference between their findings and
the present study may due to number of
bulls that were tested, genotype and diet of
animals and number of samples from each
bull. A handfull of studies found that a diet
rich in poly unsaturatted fatty acid can affect
the strecture of sperm membrane (Giirler et
al., 2015b; Khoshvaght et al., 2016) that can
lead to a change in the permeability of cell
membranes.

CONCLUSION

This study showed that supplementation of
HOST with FSSB at the end of incubation
period has a beneficial effect by enhancing
the membrane integrity test reading
under light microscope 40 X. In terms of
incubation period, 60 minutes resulted in
better membrane integrity.
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