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ABSTRACT: Good quality frozen semen is a prerequisite for successful artificial insemination. Changes in the
quality of sperm structure incur during semen processing of cryo-production. The current study, is, therefore,
designed to evaluate the Muzaffarnagari cross-breed ram sperm at the fresh diluted stage, pre-freeze, and
after freezing stages of frozen production. The semen collected was enlarged to include the A-part of 37°C
egg yolk media. After cooling to 5ºC for 2h, B-part of tris-citric acid egg yolk glycerol media added with Apart
and equilibrated at 5ºC for further 2h, transferred to 0.25 mL straws, placed in nitrogen vapor, frozen and
thawed and then analyzed. Sperm samples were assessed in fresh, pre-freezing, and post Thawing phases for
sperm motility, live sperm, ordinary sperm morphology, and intact sperm membrane. The mean percentage
of sperm motility at fresh diluted stage (81.67±0.93%) was decreased significantly (p<0.05) pre-freezing
stage (77.33±0.83%) because of refreshment and balance, and after freezing and thawing (44±2.45 percent)
decreased further (p<0.05). The Mean percentage of live sperm was higher (p<0.05) at fresh diluted stage
(91.27±0.57%) compared to pre-freeze (73.67±0.86%) and freezing stage (48.1±0.76%). The morphology
normal sperm reduced significantly (p<0.05) from fresh diluted stage (85.27±0.64%) to pre-freezing stage
(83.13±0.74). Their difference between the pre-freezing and the freezing stage is not significant (p>0.05)
(80.2±1.28 percent). The mean intact sperm membrane percentage decreased significantly (p<0.05) from
freshly diluted (82.4±0.77%) to pre-freezing (69.73±92%) and post-freezing (56.47±1.15%), respectively. The
percentage of intact acrosomes of spermatozoa also significantly (p<0.05) decreased from fresh stage
(95.8±0.39%) to pre-freeze (91.27±0.37%) and freezing stage (77.4±0.81%). In conclusion, during cryofreezing periods the sperm showed the highest motility, live and membrane damage.
Keywords: Frozen production, Muzaffarnagari cross-breed ram, Quality changes.

INTRODUCTION
The exploitation of the male line using fresh and frozen semen through artificial insemination is important reproductive
biotechnology in selective breeding. The quality of fresh semen starts to decline while the sperm come outside the body.
Ejaculate sperm survival is restricted to just a few hours in seminal plasma alone. Dilution is necessary for the long
protection of sperm and survivability (Ax et al., 2000). When diluted semen cools, the metabolic rate of sperm deprives
and therefore prolongs the survival of sperm (Curry, 2000; Colenbrander et al., 2003; Cremades et al., 2005). The
distance of semen collection and insemination sites, diseases transmission, the possibility of covering a large number of
females in a short period, the cryo-preservation is a subject of permanent interest for extensive use of artificial
insemination.
Cryopreservation (Purdy, 2006) is a complex process involving several related factors such as freezing, dilution,
cooling rates, and tanning techniques (Aboagla and Terada, 2004). According to the report of Watson (2000), Significant
damage to sperm occurs during cryopreservation. Dramatic changes to the temperature, osmotic and toxic stress causing
ultrastructural, biological, and functional damage to the sperm caused by ice formation and dissolution in intracellular
and extracellular environments (Leboeuf et al., 2000, Medeiros et al., 2002). As a consequence, sperm, cell cytoplasm
fractures, even cytoskeletal or genome structures, are damaged (Isachenko et al., 2003). These effects would ultimately
reduce motility, viability, transport impairment, and fertility (Leboeuf et al., 2000). Semen evaluation aims mainly to
predict its fertilization ability (Britto et al., 2003).
Many recent studies show that the potential of sperm fertilization depends on the integrity and functioning of cells.
To be able to permeate the sperm into a pellucid zone and fuse the oocytes (Oura and Toshimori, 1990; Flesch and
Gadella 2000), it is essential to achieve acrosomal integrity for fertilization of oocytes. Integrity is critical for oocytes. The
plasma membrane preserves cellular homeostasis and therefore plays an essential role in the survival and maintenance
of the female reproductive tract's sperm membrane fertility (Oura and Toshimori, 1990). For sperm fertilization, a
functional membrane is required because it plays a major role in sperm capacity, acrosome reactions, and egg surface
binding (Ramu et al., 2013). The evaluation can provide a useful sperm fertility indicator (Agarwal et al., 2016).
Methods of cryo-preservation of indigenous ram semen already optimized in the reproduction laboratory of the
Department of Surgery and Obstetrics, Bangladesh Agricultural University, Mymensingh. However, to our knowledge, there
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is no information on cryopreservation of exotic Muzaffarnagari cross breed ram semen in Bangladesh. Therefore, the
present research work was designed to know the quality changes in sperm motility, live, normal morphology, intact
membrane, and intact acrosome of exotic Muzaffarnagari cross breed ram semen during stages of cryo-production.

MATERIALS AND METHODS
Study location
The study was conducted at the Department of Surgery and Obstetrics, Bangladesh Agricultural University (BAU),
Bangladesh from September to December 2018. The university is located at N 24.73 latitude and E 90.44 longitude, and
9 m above sea level. The area receives on average 174 mm of rainfall with the mean annual minimum and maximum
temperatures range from 16.46 to 29.13 ºC, respectively.
Ethical regulation
Animal Experimental Ethics Committee (AEEC) of BAU, Mymensingh, Bangladesh (Ref. no. AEEC/ DSO-BAU/04/
2019) approved the study protocols.
Animal and management
For this study, three cross-breed Muzaffarnagari rams of 1.5-4 years were selected and maintained in Sheep
Research Farm, Bangladesh University, Mymensingh. The rams were given a supplement of about 300 gm containing
maize grains, wheat bran with di-calcium phosphate, and salt was grazed daily for 6 to 7 hours grazing. They have been
routinely given safe drinking water three times a day.
Reagents and extender preparation
Eosin and nigrosin stain was prepared following the procedure of Evan and Salmons (1987). The hypo-osmotic
solution was prepared using the protocol used by Jeyendran et al (1992). Formal citrate solution was prepared according
to the formula used by Cabrera et al. (2005). Giemsa stain was made ready as per protocol used in VGO 511 (2012).
TCEYG (Tris Citrate Egg Yolk Glycerol) extender was prepared on the day of semen collection following the formula and
procedure used by Zohara et al. (2014) and Archarya, (2017). Sigma-Aldrich® (Chemie Steinheim®, Germany), Merck,
Research -lab Fine Chemicals Industries (Mumbai, India), ACME Laboratories Ltd. were the chemical sources used for
reagents and extenders (Dhaka, Bangladesh).
Semen collection
Under sterile and dry conditions, all equipment used for the collection of semen was maintained until use. The
artificial vagina (AV) was produced by assembling a stern, smooth, latex cone (12"), a gradient collection tube (6"). The
artificial vagina was inserted into a sterile soft rubber external cylinder (20 cm long and 5 cm broad in diameter or 8") [
(Vishal, 2014). A known helping man in a welcoming environment collected semen (replicates = 5) with a 52°C artificial
vagina twice a week. Each ejaculate was transferred immediately after collection for microscopic evaluation and
subsequent treatment in a water bath at 37°C.
Semen processing and quality assay
Each semen sample (3 rams x 5 replicates = 15 samples) was evaluated for sperm motility, live sperm, normal
sperm morphology, plasma membrane integrity, and acrosome integrity changes during at fresh stage, before freezing,
and after thawing. Semen samples were diluted with TCEYG extenders and freeze using the protocol of Jha et al.
(2019) with a sperm concentration of 200 million sperm/mL. The freeze semen straws were analyzed after thawing at 37
ºC for 30 s.
Sperm motility
A small drop (5 µl) of diluted semen sample (dilution 1: 10 in pre-warmed tris-citrate solution) was placed on warm
glass slides (37°C) with a clean, dried pre-warmed cover slide (18×18 mm) and examined under the light microscope
(X40). The percentage of motile sperm was assessed subjectively by viewing 3-5 fields per slide. The motile sperm
percentage was estimated to be the next 5% and 0-100% (Moghaddam et al., 2012).
Live-dead percentage
Live-dead Sperm were assayed by Eosin-nigrosin staining as of Soltanpour and Moghaddam (2013) with some
modification. A small drop (5μl) of semen sample was mixed with a large drop (20 μl) of pre-warmed (37°C) eosinnigrosin stain in the Eppendorf tube. With a small drop of mixed semen, a smooth, greaseless, homogenous, thin smear
was prepared using another slid glass slide. The smear was observed at 40X and microphotographs were taken at optical
zoom magnification. An 8-10 focuses were saved to count 200 spermatozoa. Unstained spermatozoa are considered to
live and spermatozoa stained pink against a brownish-purple background are considered dead.
Normal sperm morphology percentage
Sperm morphology was evaluated using the same eosin-nigrosine stained slide to screen morphological
abnormalities (Vishal, 2014, Sitali et al., 2017, Rai et al., 2020). The captured microphotographs were used for studying
the abnormalities.
Intact membrane percentage
A semen sample and HOS solution (190 µL Osmol/kg) were mixed as 50 µL: 500 µL. A 5 µL semen drop following
incubation was smeared and investigated in a light microscope (X40). The sperm micro-photograph with optical zoom
magnification has been studied for coiling or swelling of the tail of different degrees as intact acrosome. The total
intactness of the plasma membranes was the count for 100 sperms (Jeyendran et al., 1984; Ahmad et al., 2014).
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Intact acrosome percentage
The sperm acrosomal damage was studied in Giemsa stained smears in step with the tactic represented by VGO
511 (2012) and Barth and Oko (1989). In brief, the semen sample was diluted (1:10) with freshly prepared 2.9% sodium
citrate buffer in a 1.5 ml Eppendorf tube. A smear was prepared with a drop of diluted semen on a clean, grease-free, prewarmed glass slide and air-dried. The smear slide was immersed into a 5% formaldehyde solution for fixing at 37°C for
30 min. After removal from the solution, the slide was washed in running tap water and air-dried. The smear slide was
immersed in the working Giemsa solution overnight (Mir et al., 2012). The slides were removed from the stain and
washed in running tap water, and then air-dried. Then the sperm were observed at 40X and microphotographs were taken
at optical zoom magnification. At least 200 sperms were counted consist of normal, partially lost, complete lost, ruffled or
wrinkled, knobbed, detached galeacapitis, apical notch acrosome from the different focus of a slide.
Statistical analysis
Data were first tabulated and grouped on the Microsoft Excel worksheet. Descriptive statistics were then used to
establish mean (± SEM) values for studied parameters. ANOVA: Single Factor was used to analyze their differences
between cryopreservation stages using the Excel analysis tools pack. The alpha level, p < 0.05 was considered significant.

RESULTS
The changes in sperm motility, live sperm, normal sperm morphology, plasma membrane integrity, and acrosome
integrity at the subsequent stages of cryo-preservation of Muzaffarnagari cross-breed ram semen are presented in Figure
1, 2, 3, 4, and 5, respectively.
Motility percentage
The mean sperm motility of the current study was 81.67±0.93% at the fresh stage. This value significantly (p<0.05)
declined to 77.33±0.83 and 44±2.45% at the pre-freezing and freezing stage, respectively.
Live sperm percentage
At the initial stage of semen samples, the average percentage of live sperm was 91.27±0.57%. This value was
reduced significantly (p<0.05) at 73.67±0.86 and 48.1±0.76% respectively during pre-freezing and freezing stages.
Normal morphology percentage
The morphologically normal sperm was 85.27±0.64 percent in the fresh semen samples. This value decreased
considerably at the pre-cooling stage (p<0.05) to 83.13±0.74%. Although at the freezing stage the normal percentage
morphology of semen samples was decreased to 80.2±1.28%, they were not significantly decreased (p>0.05).
Intact Plasma membrane percentage
At a fresh phase of semen samples, a total of 82.4±0.77% sperm contained intact plasma membrane. This mean
value of the average sperm percentage (p>0.05) reduces significantly in the pre-freezing and freezing stages of cryproduction to 69.73±0.92 percent and 56.47±1.15 percent.
Intact acrosome percentage
In fresh semen samples, sperm had intact acrosomes of 95.8±0.39%. At pre-freezing and freezing, the percentage
of sperm with intact acrosomes was 91.27±0.37 and 77.4±0.81 percent. The percentage of intact acrosomes was
significantly different in both phases of cryo-production (p>0.05).

Figure 1 - Sperm motility changes at different stages of
cryo-freezing

Figure 2 - Live sperm changes at different stages of cryofreezing
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Figure 4 - Sperm membrane intactness changes at
different stages of cryo-freezing

Figure 3 - Sperm morphology changes at different stages
of cryo-freezing

Figure 5 - Sperm acrosome intactness changes at different stages of cryo-freezing

DISCUSSION
The small shepherds in Bangladesh had largely native sheep that are sparsely distributed in many agro-ecological regions,
such as coastal areas, barind areas, northeast wetlands, Sundarbans-delta, and riverside basins (Pervage et al., 2009).
Due to socioeconomic reasons, the owner castrates their male lambs at an early age or they sole their young rams for
instant cash income which results from a severe shortage of breeding rams or provoke inbreeding with poor quality small
rams. In this point, the author has acknowledged the similar observations of Rahman et al. (2015) and Tejaswi et al.
(2016). Now a day in Bangladesh, in the western border areas such as Meherpur, Choadanga, and Chapainawabganj
Districts, a crossbred Indian exotic Muzaffarnagari is popularly rearing for rapidly growing quality. The present study
intended to evaluate the quality change during cryo-production of the semen samples with this exotic Muzaffarnagari
breed rams before use in artificial insemination. So far present citation, this study reports in detail, for the first time,
changes in sperm quality during semen production during fresh, pre-freeze, and freezing phase. In this trial, the
percentage of motility has decreased from the initial and pre-freeze stage (81.67±0.93 and 77.33±0.83 percent) by up to
44±2.45 percent following freezing and thawing.
In Bangladeshi native ram and Deccani ram semen, Mahmuda et al. (2015) and Jha et al. (2018) found 79.8±3.4 84.9±4.0 and 74.7±3.9 - 87.0±4.5 percent sperm motility in Bangladeshi native ram and Rajashri et al. (2017) observed
74.7±3.9 - 87.0±4.5 percent sperm motility, respectively. These observations suggested the present findings. The present
pre-freeze findings were in line with Mahmuda et al. (2015) in Bangladeshi native ram semen (71.3±2.1 - 76.1±3.4%),
Ahmadi Hamedani et al. (2016) in Zel ram semen (72.8±1.15%), and Khalil et al.(2020) in Ossimi ram semen
(73.30±2.50). Awassi ram's observations by Haiat et al. (2006) suggested the freezing motility of this study (35 to 50
percent), Snyman and Jooste (2020) in Angora goat (35-50%), and Valente et al. (2010) in freeze semen motility
(36.9±11.1 - 46.5±5.3%). Destructions to the sperm structure, changes in fluidity in the membrane, intracellular ice
crystalline formation, and enzymatic activity may be the reasons for motility reduction at this stage of semen quality
(Mazur, 1984).
The living sperm is mobile, while the dead are non-motile sperm. It is not primarily important to estimate the
percentage of live sperm in semen simply. It needs to check the sperm for viability specifically when greater than 50% of
sperm are immotile. During cryo-preservation of semen samples, the spermatozoa might have to go through various
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adverse conditions and the assessment of quality changes is of production concerned. The percentage of live sperm in
fresh semen samples confirmed by earlier researchers' observations, Mahmuda et al. (2015), Hossain et al. (2016), and
Jha et al. (2018) in Bangladeshi native rams to be 84.5±3.7 - 90.0±4.0, 87.9±2.5 - 90.01±3.2, and 79.7±3.6 - 94.7±1.0
%, respectively. Furthermore, the current findings were also agreed with Boediono et al. (2004) and Azubuike et al. (2017)
in Garut and Yankasa rams to be 91.5±3.1 and 87.50±1.64 %, respectively. The reduction in live spermatozoa at the prefreeze stage was consensus with Mahmuda et al. (2015), Ahmadi Hamedani et al. (2016), and Kurmi et al. (2018) to be
74.9±2.6 - 81.0±4.1 and 76±1.22% in Bangladeshi native and Zel rams, respectively. These differences may be due to
the effects of cooling temperature. In the current study, it was experienced that the freezing temperature might have
disruptive effects on sperm survivability that incurred up to 48.1 ± 0.76% reduction of live sperm during cryopreservation.
The present finding on frozen live sperm percentage was suggested by the frozen quality in live sperm studied by
Mahmuda et al. (2015) in Bangladeshi native ram (45.4±0.7 - 46.4±0.5) and Khalil et al. (2020) in Ossimi ram
(50.00±8.20).
Poor morphological scores of sperm are highly controversial in their practical implications. Many researchers had
opined on the amount of morphologically normal sperm in useable semen samples. Rai et al. (2020), reported that most
impairments in fertilization rates occurred with morphological abnormal sperm since better scores in livestock frozen
semen have less than 25%. A semen smear stained with the eosin nigrosin can be used to measure normal and abnormal
morphological sperm forms in the ejaculate quantitatively. The smeared slide is calculated based on specific
abnormalities in the head, tail, and mid-piece for the morphological appearance of sperm. The current observations
stated that the change in normal sperm morphology significantly occurs when the temperature goes down from 37°C to
5°C and the further reduction in temperature has little effects on sperm morphology but is not significant. The previous
findings of Mahmuda et al. (2015) and Hossain et al.(2016) in Bangladeshi native rams (80.7±2.2 - 86.3±3.7 and
84.9±3.3 - 86.4±2.1%, respectively) at the fresh stage were correlated the present findings. The pre-freeze findings of
Mahmuda et al. (2015) in Bangladeshi native ram (76.9±2.3 - 81.0±2.5%) and Ahmadi Hamedani et al. (2016) in Zel ram
(81.6±0.67%) were in line with the present pre-freeze findings. At the freezing stage, quality in sperm morphology was in
agreement with the findings of Mukherjee et al. (2016) in garole ram where abnormal sperm percentages were lower
(8.08±0.1%) than our findings.
The intactness of the sperm membrane is very important for its survivability during freezing and fertilization.
Jeyendran et al. (1984) described this hypoosmotic swelling test protocol for assessing the sperm functional integrity. At
the freezing stage, intact sperm percent decreased in the current study from the fresh and pre-freezing phase. The
damage and decrease of lipid components in the sperm cell membrane by lowered chilling and freezing temperature, and
this statement is under Holt and North (1984) in case of buck semen freezing. The current finding of intact sperm
membrane coincided with Hossain et al. (2016) and Jha et al. (2018) in Bangladeshi native ram (84.7 ± 0.5 and 71.2 ±
4.4 - 88.5 ± 5.6 %); Valente et al. (2010) in ram semen samples (85.4 ± 5.2 - 86.9 ± 5.4 %) at the fresh stage. The prefreeze sperm membrane intactness was in line with Ahmadi Hamedani et al. (2016) in Zel ram (71.40 ± 0.97), Kurmi et
al. (2018) in Chhotanagpuri (70.06 ± 0.12), and Khalil et al. (2020) in Ossimi rams (68.60 ± 2.78). The membrane
intactness of spermatozoa at the frozen stage was in agreement with the freezing quality of Garole ram semen (55.00 ±
0.5%) and Ossimi ram semen (51.70 ± 8.11%) observed by Mukherjee et al. (2016) and Khalil et al. (2020), respectively.
The knowing significance of sperm acrosome status is of paramount importance for successful fertilization. A live
sperm without an intact acrosome cannot fertilize an ovum. Therefore a certain percentage of sperm with a normal
acrosome needs to be present in quality frozen semen. The current finding shows that the temperature change from 35°
C to 5°C during the cooling and the glycerol balance affects acrosome intactness less but that the frozen temperature has
an important impact on the acrosome integrity. Such type of reduction of the intact acrosome of frozen semen samples of
the current study was suggested by the earlier researcher, Jha et al. (2020) in frozen indigenous ram semen were 74.44 ±
1.94 -76.13 ± 1.42%. As per citation, Mukherjee et al. (2016), found better-frozen semen quality in Garole ram with an
intact acrosome of 84.30 ± 0.8% than the present findings. These higher and better findings might have resulted from the
variation in extender, freezing and thawing system, and breeds of ram.
CONCLUSION AND RECOMMENDATION
In conclusion, the cooling from 37ºC to 5ºC harms the overall changes of ram spermatozoa and semen quality. The
maximum change in normal morphology and acrosome integrity mainly occurs during chilling and equilibration from the
fresh stage to the pre-freeze stage while little change occurs at the freezing stage. The other trait's quality importantly
changes all way the cryo-freezing stages. To minimize the cryo-damage in ram spermatozoa, another or re-furnished
freezing protocol concerning freezing rate, use of different extenders, and addition of membrane stabilizers might be
potential areas for future investigation. Moreover, the determination of ultra-biochemical structures at different stages of
cryo-freezing should be studied for a better understanding of their more detailed effects on ram semen.
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