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INTRODUCTION

North-IFast india i the conlluence of three major biv-geggraphical realm of
the world and 5 extremely rich in floral and Caunat biodiversity, Among the 7 nopth-
eastarn states Nagaland s endowed with rich permpliasm of dilferent endemie spedles
meluding  mithun  (Boy frostalia. Mithup, the cattle of mownnains”  probahly
origingted more than 8000 years apo and s considered a the domesticalesd Tomm of
wild gaur. This rare species of bovine has a limital peographical distribution and
metinly found in the 4 north-eastern stales of Arunachal Pradesh. Napaland, Mizoram
ad Manipuer. However & s also Fomd D osisll numbers in Myanmar, China
Bangladesh and Bhutan, This species s reared under the free range system 2t
elexation of 100} 1o 3000 m above se Jevel. This unigue species & primarily used for
meal production and 1 alse pluys @ impoan role in the sode ceonomic life of s
rearcrs (Simmons, 1984 Mondal and Pal, 1999, However, unaontrolled breeding i
ihe extsting free range rearing system may lead o genepcally’ inferior herd and
crosshreeding  with olher bovine species may kad o decline in quality Mithun
germplasm. Therefiore an inense conservation and propagation prograrame & urgently
reguirsxd lor this animal. Considering the impoirtance of conserving this animal species
modern  bitechnological tools like semen  cryopreservation coupled with Al s
neeessary. The produciion perflormunce of Mithun cows can be inereased by breeding
femiles witly semen of the hul s of superior penetic meril.  But due o non availabi lity
of a system o reptace bulls A repular intervid 1 maintain e genetie quality, there i
a meed o locus on some alternafve way fiv breeding. This can be achieved casily
throvgh artificial insemination (Al with the saven of proven Mithon hulls or b
MOET (Multiple owlalion and embryo transtier). Adilicial nsemination (Al has
become one of the mwost important lechniques ever devised for the  genetic
improvement of furm wnimals Bke entle. bufTale ete. Cryo-preservation of semen Is
wed & redue metabolism and b maintain sperm vinbility over an extended period of

Lm e

Semen  cryopreservation offers e opporiunity o improve e breeding

periential of male animals, Semen storage fechnelogy was rews] tionized more thar 50

years age by the disconery of e cnoprmectve capacily of glyeerol, The we of
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ghterol can be toxic i certain concenuations. These gecific concentration levels are
species specilic. Bull spermatozoa ae rowtinely eryopre served  using 4% b ¥4
glycerol (Fennessy of of. 1W90). Movsever, there 8 very limited informetion i
Mithuo. Jo this comexi. i ls wvery essentiol W standardize a sutable glycero
Mitl b th lext, i tial W standard table gl f
concentrdation i wider o adopt AL in Mithun, Il is reported that giycerol content of
diluents con al'Ret te past-Lws molility of spermatozoa (Holt. 20000 Thun er of
2002). "the post thaw survival ofspermatozoa can be inlluenced by tie way in which

ghterol 5 adikd prioe 1o feezing {Fisar and Faiefull o o, 1989),

Maorpholegy and acrosomal teprity s valvable markers of cryo-Survival,
The primany driving bree dictiting eryessurvival of sparmalozon 8 0§ indtial pre-
freese guality and morphology. especial b having 2 morphological by normal, inact
acrosomie, The fnitial structural megrity of he acrosome & more impoertaot predicior
o post-thaw sperm survivality than initial sperm matility: seore (Pukazhenthi o o,
2007, The gerosomal integrity satus can be used s @ suibibie marker o Terfiliz cition

gbi ity ol spermatozon (Jankovikiova o of., 2008),

Apoptosls & a physiologically programmed  cell  death  characterizcd by
shrinkage of cell reduchion of artoplasmic volume, condensation of chromatin [INA
clenvige und nuelesr fagmentation, A signilicant negative correlation was reported
hetween the proportion of apogatic alls md speen viabi liy or maltility in cjocutated
semen. Adiitiongly dw presence of apoplosis in spenn cells nas been correlaled with
infertilily. Fvahmtion o apoptosis tn sperm cells would e g good indicative of the
semen quality Feitesa e of, 2008),  Considering these Tuts the presemt research

programme has been taken with the following ohjecives

1o To study e effeet of diffaent glycerol concentrations in lbe exiender on post

eryopreservation guality ofmithun semeo.

2. To study the eflva of difierent meshuds of glyeerol addition i the extender o

posd cryopreservation guality ofmilhun semen.

1. To study the effect of ayopreservation on acrosomal integrity and apoplosis

of mithun spermatazoa,




Chapter— II

SR




REVIEVW OF LITERATURE

2.1. Cryppreseesation of semen using dif Fevent devels of glyeerol and ils
offect on clifTerem seeminal  parmmters (progressive mofility. sperm

coRcentration, acrosome infegrity)

Almyuist (1962} incorporated 10 o 13%0 piyeerol in skim milk difuents by
pradual additien © partially diluted semen at 5°C amd spermatgzoon tivability during
14 days it stored & 5 U was higher (P < .0} than in the abscnce ol glycerol, These
gheeral lesels presented the sharp dechine i motling sdserved between he Fourth
and sixth «ass ol storage tor semen diluted @ skim milk glycerol. Glyeerolb levels of
16 0 25% did mot signifrcantly improve livabllity over semen diluted  withoul
ghecrol, Fowr field trials invohdng 21676 imeminations were eondueted b compare
die dertitity of sonen diluted wm milk with that dilsed o milk-10%  glycerol.
Homaogenized milk was in two trigls and Fresh, unfortilied slim nitk in e ather wo.
The combined daa showed that addition of glyeerol signi leant b (< 0,01 ) increascd
fierility ol semen wed the second, third and (ourth days alter the day of wollection by
T4, 12.2. and 19.5 percemtage unils, respectively. The increase of 2.3 percentage unids
ablained with glyeerolated semen usad the day alter collection was oo Sigmlicant. n
a tmited  split-gjaculated trial, Terility of semen diluted in homogenized milk
containing 15% glwerol was ot sigmificantly differem from that n B% glycerel m

any of the three days of use.

Pusel & . (178) experimented the offect of ditheremt  gheerol
eancentration on frowen boar spernl. m experiment 1, Beltsville F3  extender
cantaining Mia Mo phecrol was added © boar sperm. Glycerol was enther relained
during freczie or remowed v centrifagation before (reczing. Whell plyecrol was
retained. (here was sienilicant nogaiive linear relationship between the percentape of
sperm acrosenes with a normal apicd! ridge (NAR) and the percentage of glyceerol.
When glyeerol was removed belore Freeving, the percentage of NAR acrosomes did
mwt diflar among samples. Te perrentage of motile sperm and e percentage of
glyeerol in the oripinar exeender were Imearhy related repardiess of swhether plycerol

was retaned o removed belore freezing. m oexpentiment 2. four concenations o
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glycerol. three cooling limes and tweo dilution rates were compared when semen was

frazen i Belsville IS5 extender. ‘The post-thaw results [x percentages of NAR
acrosomes and sperm motility were optimum with P glyeerol md 2 1:4 dilulion rale,
Cooling time had a ninor affecion on the lreezing results. Iy experiment 3 the
campetitive Tertilizing capacity of boar sperm [rozen with B4 glycero! wos compared
with that frozen without glycerol The number ofova ferilizad by sperm roven with
04 1% glycerol, 52 and 72 ova, respoctively, were nearing Statistically difTerent from
a 5050 matio (1F <0?N.These results indicated tha the conditions of Uhs study

ehcerol wps of seme posilive value i 8 eryopesteeams T boar sperm,

Scheid e of (1980) investipaed e elfeor of four difterent  glycerol

concentralions v the dewp treesdng of hour semen in plastic tubes. The speemetich

4 or (ha glycerol. Posi-thawing monlity fiv semen i the 4 diluent averiged 5.3, 31.5,
41.5 and S00% resp (P < 0000 ) and the proportion o serosomes with nernul apical
ridge (NAR) OB, 4.2, 20 and 52% (P <0001 Preliminary resulls were availuble
feom @ nsemination trial. Nine cjaculates (ran 7 boars selecle e good  semen
freezubility were provessed, glyeerol fevels of L 2 o @4 being wed, Post thawing
motility avergped Y4, 350 md 51.2% resp.. and NARs 09.1.56.3 ad 223% f 7. 2
and 4 females nsenunated, 6 2 and 3 coneeived, with an av. 8.8 120 and Y0

embryos and 6.2, 180 and 13,7 corpora lutea,

Almlid wnd Johnson (1988) conducled experiments € study the elfect of
glyeerel concentralion, equilibration time arl lemperature of glycerol addibon on
nost thaw viability ol boar spermatozon afier eryopreservation i straws, Semen (splil
gjaculate) in mmxi-sitaws {0 min oxl) wes frozen usng o programmable [reezing
chamber. Three parameters Tor i vitro Sperm evaluation were used: Motility (MOTL
acrosotme integrity (NAR) and flow cylometric analysis of sperm ireated  wilh
carboxylluorescein dincetale and propidium iodide 1 assess sperm plasma membrune
inlegrity. No interactions were found among the three vaniables evaluated. Length of
prefieeze exposure o glycerol, ranging from 0.5 I 75 min. had no etfect on post Lthaw
sperm vaahility. Exposure of ®© o gheerel containing extender medium al 5°C gave
improved posithaw visbility over that exposed at o' C {p< o.03) CGlyceral a

goneentration o 3 or 4% resulted i maximum post thaw motility. Acrosome integrity
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values were greatest fiv 2 and 3% pheerol, whereas PME was preatest when plycerol
concentraion was 4 » 6%. The primary cryoprotective: effed of plyeerol on boar
semen may be exiracellnlar, B s concluded thal 3 a o glwerol gives maximum

viahility of truzen-thawed boar spermatnzoa.

Zheng ¢ of. (1992} swodied the dTecs of wo concentrations of glycerel 2%
and % N a freesng diluem with respeat to the i vike Fertilizing capacity of frozen
thawed boar spermalozoz which betore exposure 1 oocytes were subjected © 3
methods of frktionation. These were 1) The upper Eraction 2} The swim-up and 3)
Perasll gradient-centrifugation. They found that by raising he gheerol concentratien
fom 26%% (v/v) during {reezing deorcased the proportion of spermalozoa with a
rormal apical ndge. They concluded that the phycerol Jevel affected penetration and

polysnenmy only with spermatozoa scparated in percoll gradient. where ‘e higher

level of giveerol increased ovcyvtes penetration and polysperiy.

Rota o o (1998) imestigaied o fmd aut e best combination of extender
and {ivesdng thawing rale of dop spermalozoa Four cfaculates were obtained from
gach other of five dogs and sphit samples were dilied i a Tris civate pglicose
extender containing (3% Lquex STM paste and eiher 3 a 3% glycerol. Two
gjaculates from each dog were froven & a slow freeding rate (10°C/min i the range
 © 40°C) m (L3ml straws using a programmable freczer. Poor & evaluaiion, the
sty ITam each freezing rale and glycero]l concenmraiion were thawed n a waer
hath. cither @ 3B°C [or | min a & 70°C ta B 5. Samples of cryopreserved semen
were cvaluated fur motility and tir the proportion of spermaozoa baving mn intacl
plasma memhrane, immediaely after thawing and during 5 b of ncubation a
°c.The blgher plyeerol concemtration and the fasier thawing rale tsied favored the
recovery of Bving and motik spermalozoa and their survivad during incubation While

the tested freezing rates bad no influence on Sperm post-thaw longevits,

Yl o o, £2002) condurted a serics of experiments w dewrmine he elfeets of
N-aeety l-D-plucosamine, ghecerol  concentration and  equilibration  time  for  the
freesng ofboar spermatozoa in Sint maxi-staws. The final gheerol concenmration in
he fiest diloest was 2-3%. 11% beoiose drse. 20% cpg yolk, 0.0 N-acetyt [

glucosamine and gleerol equilibration time was 2-3 hrs. The piyeerol concentration
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n he second diluents was 4% with 1124 laclose hydrate. I8% of epg yolk and 1%

vevis & paste for he diluenis of boa sperm freczing. They found the firsi diluent was

better than G second,

Garde e of (2003) ried 0 evaluate various diluents far the eryopreservation
of Spermatozod fom the 3 species of pazelles The diluemts compared were Tes [N-
tristhy drozy methy ) methyt-2 amionoethane sulfonic acid | Tris wilh 546 egg wlk and
% plycerol (TEST) and Trladv] yolk—cilrak:. Tristrehalose and Tris-lactose-ail of
thern with X% vpw yolk and % (Triladsly orB%sa plycerol. Semen was cbtained by
electro ¢jucelation tiom 12 G covieri. 12€dama and I3Gdorcas males. Samples
with less than 30% metile sperm. positive endosmosis. o acrosome inlegrity were ndl
wed Diluted samples were loaded inte 0.25.mi straws. ecoled slowiv © 5°C over 1.5
hi-0.16 degrees Cl/aming, cqubbraied a ®e temperature far 2 h Irozen n nitrogen
vapors for 10 min. apd plunged inlo hgud nitropen. Subsamples were assessed fresh,
gfier ref ngeration-c-quiltbraton. after freezing and thawing. and 2 h afier thawing.
[XfTerences were 3om between diluents. with bed overall recovery mes alier lTeerng
md thawing found with Triladyl TEST. and Tris-irehalose in 7 cuvieri. TEST in
Gudama, and T'oladyl and TEST n Gudorcas, Differences were ohserved between
specics in the ability o withstand frevsing aod thawing, with best resull seen in
G.dama and worst resulls in Goeuvieri. These difTerences were inversely relaied © the
average valuws of inbreeding of these popudations. The underlying mechanism

respotisible for these diirences may be a & fTerential resistance b osmolie shock.

Gill & of (2003} compared the effect an post thaw ram sperm parameters o a
milk bsed extender comtaimng four differet e yok concenlmations amd a

rommercially available estendor {Bivexcell) comaining two different Inal glveerol

‘cancentrations { 3.2% and 6.4 % ). b both experiments piveerol was added either o §
degree Celsius o d 15 degmee Celsius together with e second raction of each
Cextender. The sperm concenwrations assessed were motilily. membrane inlegrily
SYBR-14/PH ard capacitation stals. The reaulis indicale tha when treczing ran
semen. Bioexcell comaining 6.4% ghcerol may be used as an alternative extender

conveinional milk extender comasnimg 3 % azp volk.
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Hong & o (2003} studied the effect of glycerol concentration

cryopreservation of blue foxes sperm. They used glycerol concentration of 2 4, 6 and
®4 for cryopreservation, The samples were equilibrated for 2h a 5°C and packed in
0.5ml straws. Freezing was done on a rack Som above liquid niwogen and thawed a
70°C for Ys. Before and atier freezingthawing, the effiects of di(ferenl concentrations
of glycerol @ the changes in spermatozoa characteristics and the alterations i the
ultrastructure of spermatozoa were studied by transmission electron microscopy. The
sperm motility. plasma membrane integrity of spermatozoa and percentage of Intact
acrosomes were rdaked 10 the dose of glyceral. All these characterisics were highest
n the fraction. wherein dw final gheerol concentration was 4% (418, 43.6 and
48 v, whercas the lowest appeared i the Fraction added with 2% glycerol (24.5,
77.6 and 31.7%). Along with the extension of incubation, significant differences i
characteristics of spermaiozoa were observed between sparm fractions of 2 and 4%,
whereas the differences between 2, 6 and8 % sperm Fractions were insignificani. After
6h, the modlity of each Fraction was not more than 10%. whereas the highest viability

and the percentage of intact acrosones were 11.8 and 12.7% respectively.

Wani & f. (2004) conducted experiments © study the eoffect of
eryoprotectants, dimethyl sulfoxide (DMSQ). ethylene glyeol (EG). 1.2-propanediol
(PROHD, and glvecerol a differem concentrations (3.5 4, 5 & and 7 M each with 05
M sucrose and 04% BSA in DPBSy m survival. in viro maturation. & viro
Fertiliz.ation. and post-fertilization development of vitrilied-thawed mmmature bulfal
oocytes. The COCs were harvested fromn the ovaries by aspiraing the visible Follicles.
The recovery of post-thaw morphologically normal cocytes was Jower in 3.5 ang 4 M
DMSO. EG, and PROEI compared 0 3, & and 7 M I all the concentratiens of
ghycerol. an overall lower numbers of cocytes recovered were normal compared w©
olhet crvoproteciants. Less number of oocytes reached netaphase-ll (M-} siage
from e oocytes cryopreserved in any of the concentrations of DMSO. EG. PROH.
and plyceral conpared © fresh oocytes, Among the vitrified groups. highest
maturation was obtained in 7 M solutions of all the cryoprotectants. The cleavage
rales of oocytes viwrified i different concentrlons of DMSO. EG, PROH, and
glycerol were lower than that of the fresh oocytes. The cleavage rates were higher in
pocytes crvopreserved in 6 and 7 M DMSQ. EG, PROIL and glycere! compared with

oocytes cryopreserved in other concentrations. However, e percentage of norula

e L= 5.5 8 1 & 9 ° = 8 ‘- & 3. L " & 3 & .S %
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and blastocyst Turmation from the cleaved embryos did nat vary in (resh ooevies and

vitriliezd cocytes. It conclusion. this repont deseribes e first successful production of

buffale blastocysts [t immature oocyies cryopreserved by vitrilication.

Wei & e o (2004) suwlied the eled of plycerol and DMSO m
cryopreservation o rhesus monkey sperm, They wed diflferent concentrations 2%,
Fho, O Aand 5% of glyeerol or DMSO) o rhesus monkey spenn cryopreservation,
The resuils showed that the highest recovery of post-thaw sperm molility, and plasma
menthrane and acrosome integrity was achieve'd when the sperm was (rozen with 5%
Elycerol. Spermatozoa eryopreserved with 15% DMSO showed the owest posi-thaw
sperm montity. and spermatozoz eryepreservod with 15% glyeerol and 15% DMS0
showed dhe fowest plasma membrane imegrily among the eight groups. The resulis
achicved with o glycerol weve significandy better for 2l parameters than those
hlained with ®6 DMS0. The fanctional cryosurvival of sperm frozen with %4
glyeerol was further assesed by i owitro ferlilization 0VF).Overall, 85.7% of the
aoctye were successfully lerhzed. and 51 4% aml 5.7% of the resulting zysotes
developed inlo murulae and blastocysts. respectively, The resulls indicated tha the
Wpe and coneentration olihe penctming cryoproteclants wed can greathy aflect the
survival of rhesus monkey sperm afler X is frozen and thawed, This suitable glycerol
level {ur rhesus monkey sperm Iveezing & 5%, and DMSO 5 not siitable for rhesus

monkey speTm Cryopreservation.

Fiser andd Faiefull {2005 studied the combined efzet off plycerol
cencentration and covling veloeity and acrosomal inteprily of hoar spermatozoa. The
interaction of plycerel concenirations of 0a(f4 and cooling rates from 1 ©
[-500°C/min - with boar spermalozoa motility acrosomal integrity (proporion of
gpermatoroa with normal local ridge) was siidied after thawing 0,%m] steavws al a
constant rate. While inereasing |he mycerol concenlration from 0 1 %4 progressively
improved  molility. the perceniage of spermatozoa with a normm apical ridge
graduatly decreased. The magniwdes of the respective changes depend o coaling
rale A peak value of 48, 1% amd rating 3.8 were obtained in samen protecied with 4%
ghycerol, freeen . 30°C/mun. mereasing the glveerol levels abowe &% resulied n a
grachal decrease m motility. The proportion of spermatozoa with noemal  apical ridge

was higher n semen protected with 0-1%% plyeerol alter cooling & W° Clmin B4, 4%
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and 66. 1% respeeiively). but a8 these glyeerol concentrations \he percentage of motile

spermalozoa was low. At the 30°C/min cooling rate, the decline in the proportion of
whs with normal gpical ridge due W increasing glycerol fevels %o 3 and 9% was
relatively stow (37. 3% and 49494 respeetivedy),Cooling ot 1°C/min was detrimental
o serosomal integrity, which deereased with increasing ghcerol concentration, o
contrist © mereasing molility. which cven & s magimum. remainad low, The dired
Plunging of sraws ihio liquid mirogen (1L500°C/min resulied in demaged acrosomes
W spermatozoa with the total loss of moility. Baluncing motiliy and acrosomal
integrity. Ireedly boor saven pootected with a4 pheornl by covling al 30°C/min

resul ked ‘e eptimal suevivid Fae bogt semen Frozen in 05 ml French straws.,

Kashiwazaki w of (2006) compared glyerol lnctamide, acetamide and
dimethylsulivwdde (DMSO) a5 cryoprotecians in gpgyolk  diluent of ¢ joculated
Japunese  white: rabbit - spermadorea fiv imprevement of  sperm eryopreservation
metheds. RHbBIE semen was froadl with 1.0 m gheerol, lactamide, sectamide, or
DMSO T plastic sirws, Forwald  progressive mollin and  plisma membrane
inlegrity of the  postthaw  spernmtozoa were eamined. The mle of G
progressive: motile: spermatoson I lactamide 7.8 + 3.0 %) wes sipniliconlly (p <
005) higher thanin glyeerol (17.0 4 33%6), In additiotl.the rls of spunn plama
membrane integrily i luctnmide and acetamide (359 4+ 3940 ad 30,2 4.30%,
respeetivelyy were signilicantly (p < (0.05) higher than in glyeerol (17.0 # 2.6%e)the
reAuit indicote thdl 10 m lactamide and scetamide have higher eryopreservative

eflects thho 14 m W yeerol for oy opreseryation of Japanese White rabbil SPErmAtFon.

Martinez. o al. {2006} wsied o glyeerol concentrations (4 and 8 "9 mad
three  extender  osmolaliies (320, 380 and 430 mOsm/kg:  hefor srlding
Cryoproteciants) for cryopresersation of epididymal and ejaculated spenm samples
I Iberinn red decr. All the extenders were bwcd o Tes-Tris and fructose flizr
osmolality adjusiment). and complemental wilh 2004 egp volk, Epididymal and
elaculated sperm samples were obtained from the cauda epididunis (Post-moriem)
and wsing cleetodueulation, respectively. Samples were dilwed 131 with each
extender and cquilibrated for 2 b 5 degrees €. Then, they were diluted down K 100
¥ 06) sperm/ml ad frozen a0 20 deprees C/min. Post-thawed  samples were

assesed  for motility (CASA). HOS  tesi. proporfion of swollen {osimotically



10
challenged) eclls i the untreated samples. viability and acrosomal statws, For

epididvinal sumples. 8% ghcerol rendercd a slightly higher propartion of intact
gerosomes o viable spermatozoa than 4%: regaording extenders osmolality, 380 and
430 mOsm/ke rendered higher motility resulls, and the 430 mOsmikg vieldsd the
lowest proportion of swollen spermatozoa. For cpculsed samples, 4% plyeeral
yieldad ‘more viable spermaiozaa thin 8 % for exender osmolalily, 320 mism/kg
rendered the highest pereentages of progressively modile amd vigble spermatozoa,
although 380 mOsm/ky extender was not significantly different, These results show
thal sample source influences extender suitability. and ligt extender should be iso-
osmotic o raher sliphtly hyperosmotic, Fulre swdies should tesl multiple glyeerol
concenlrations and cxtender osmolabties tn onder 0 adust hem o these kinds of

sample.

Satos of o (20006) conducled two experiments b deerming the eltzois of
ege vok (LY} gheerol, and cooling rav on the eryosurvival of red deer epididymal
spermatazoa. The aim of Experiment 1 was to cxamine the diccts of 1w} BY types
felarified EY. CE prepared by centrifugation. and whole EY. WE), aad e EY
cancentration KL 5 10 and XF%) on ervosurvival of red deer epididymal spermatozoa.
Sperm  samiples  were  diluted w s Mnal sperm concenmration of 200 x 0
spermatozoa/ml with o Tris-citrate-fructose-EY  extender (TCPH prior & {reezing.
dperm eryosorsival was judge i wen b niferoscopic assessments of individual
sperm maotility, viable and plusma membrane by means of HOS test aad acrosome
{NAR) integrities. Cryoprosersation of red deer epididymal spermatozoa Taosen ing
clarifhed EY extender, and with a 20% BY neazlted in more vigorous post-thaw and
prst-incubatron mot ities (# < 0.0O01) Moreover, our results showed that re pardless
al the epp volk concentration lested, the best sperm guality was obtained with the wse
o CE. Therefore. the objective of Experiment 2 was © explore the post-thaw efliets
f for clarilied cge yolk concemtmlions (0, S 10, and 20%) two [inal gheerod
concentrations (Jand 6%) and two cooling raes from 2 1o 5°C tslow. (. 23°Cimin:
tapid: 4.2°C/imin} i kd deer epididymsl spermatezon. Al thawing, (he offecs of CF

@ plycerol concentrations. and cooling rate, all independently alTedted post-ihaw
‘sperm quality, while there were mo offects of hteraclion on post-thiawing  sperm
‘quality. Therclore, we siudied each varighle separatel. DilTerences (P < 0.05) for

mesl of the sperm paramieters evalumicd were found between the wo linal piveerol
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concentrations wsteed with e high vialues aller thawing fmnd with he we of &4

glycerol (38.8 + L4 versus 46.2 + 1 4for spem motiliixiMereover, he cooling rate
did ot haw: an offed on e semen characleristics. except o NAR (' < §.05).with
the high vaiues after thawing found with the use o the rapid protocol (64.5 + 1.4
wersus 599 + 1.4 b eonclusion, he we of 20% CF and 6% glycerol in combination
with a raptd couding rate, signilicamiy improved red deer epididymal spermatozoa.

fre-ez.ability.

Santos 7 o 2006} with the aim of finding i ideal cryopletectant (CFA) n
B suituble concenlration Toe ved deer epididymal spermatezoa, eryopreservation, hey
evatunted the eflects of the 3 mest commonby wed CPAs, glveerul {GY L), ethylene
glycel (120G amd propylene  glyeol(P{(i). on sperm  cryo-resistance. The am o
Experiment 1 was 0 evaluale the nlluence ol 3 different final concentrations (3%,
0% ad 1227 of each CPA on sperm Treezabiliny. Sperme samples were dilused o a
linal sperm concentration of ~400 « 10" spermatozoaiml with a Tris-citrate-fiructose-
EY exlender (TCF) prior w Frecang. Sperm crvosursival was judged in vitro by
microscopic assessments of individual sperme mofitity (SMI). viability, and plasima
membrane (hy means of he HOS sy and acrosome (NAR) integrities. Thawed
samples were incubsted al 37°C foe 2 bowrs in the Mmecang mediom. At the end ol this
incubation pericl. sperm suspension was again asessed. Owe results showed tha, 12%
ofany CFA was toxic 0 red deer epididymal spermatorca membrane integrity (1<
J05). Moreowr. regardless of e lewel o CPA, resubts indicated that the
gryoprotective offeds on red deor epidichymal spermatozoa of he 3 CPAs atler
thawing are in e following segpoke: GLY 2 16 > PG thigher symbols mean P <
{031y, Furthermore, our resulis also showed an Improvement i orm  paramelers
when tx 1OV diluents conmined % of GLY. Ih Expenment 2 extenders were
prepared using GLY 6%. This experiment was desigried Yo investipaie the elfuet of 2
dilizrent temperawre of GLY addition - 22°C (amhient emperature} and 5°C2 on
sperm fruezabdity, Ouwr resull showed a dilFerential response (172 .05 of motlity
{smi) © temperaire of GY L addition bduvre [meezing, the best being 22°C (BI.W &

¥ ve T2.W 2 24%), Abhough there weae no signilicant dilferences (P> .05)

'-‘._h:!wecn e 2 temperature of GYI addilion afler thawing n term of sperm quality,
Cafler 2 hours of wneubalion, results lensded © be better when CPAs were added a
-:2‘_2“{3 . I vonclusion. the work showed the efficacy of TCF diluents with 6 " of GYL
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ad ils addition @ 22°C. as an allemnative © he moe common ¥ - £4 GYL and

addition & 5°C in red deer semen free/mg protocols.

Rasui e of (2007) wed 6% plyceral for crwpreserving buffalo semen He
found that glycerol (6%) in extender welded betier post haw  sperm motility,
velocities (siraighl-line awd awerape path) plasma meinbrane integrity and normal
acrosomes than DMSO, The addition of glycerol %) & 37°C vicided better post-
thaw sperm mivtility, plasma membrane inlegrity: mxl selocities than addition & 4°C

(=005,

Dhali o of. {2008) wsed 5.6% glycerol for eryopreserving mihun semen and
Bt 5% pos haw mefility, 65% intace acrosome and 7% spermatoroa were

morpholegical b normat aller oy epresery ation,

Garde ef of 12008) sidicd #w efTed of g yolk, cryoproteclans and
various  sugars o1 semen  enopresenation  in o endangered  Cuvier's puzelle
Cryopreservation of spermatozas from endangercd species 5 o valuable ool fir
genelic management. Previous siudics showed e Feasibilie: of ey opreservation of
spermalozoa lirom varicus endangered guzeles bt have also rewealed difliculves with
vaillable protocols [ix semen  freedng in Cuvier's gazclle (Gazelle cuvieri).
Experiments were carried ow b imestigate she dffect of (a) $e or 20% cug yolk <
4% o 0% ghoeerol, and (b) addition of sugars (glucose, frudose, lactose and
raffinose) on ersopreservation using Tes-Ths-based diluents (TEST). A diluent
* containing 13.5% raltinose. 5% or 20% epg yolk. and 8% glycerol (RIEYG) was alsa
evalualed. Semen wos obtaimed by electro eraculation from 2 (6 cuvigri males,
Dilsted  samples were baded inte 025 ad sleaws, cooled © 5°C over 1.5h
0.16 “C/min), eguilibrated & the wmperature far 2h, froze in nitrogen vapors for 10
‘min ind plunged mo liguid niregen. Subsamples were assessed for muoflicy and
acrosome integrity upen collection, after refrigeration-equilibration, afier (reesng and
thawing, and Zh after thawing. Use of TEST with 2% cpg yolk or with #4 glycerol
b o worse motility presenation. whereas UEST with 5% epp volk and 6% glycerol
kd © beter resulis. Addition of frudose o raflinose © TEST resdted in simila o
worse preservation of motitity than inclusion of ghicose, On the other hand, e of

mifinose-based medivm with 2% epg volk md &% pivecrol (RIZYCH afforded bener
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alTarded better preservation of motility than 1se of TEST. With REYG, 2% egg yok

was better than % cpu yolk fr maotiliy preseration. Differences were noted
between muales in their responses © cryopreservation when using ditf erent egg yolk ar
glycerol concentrations, Moreover, spermatoz.oa from most males exhibited betier
cryopreservation with REY( although some were better eryopreservsd in TEST. The
raffinose-based diluents thus represent an improvement over previous resslt but more
work & needed w0 beiter characterize cryopreservalion conditions for futre routine

banking of gazeile spermatozoa.

Mapeka o o (2009) studied e effeet of ditfzrent cryoprotectants on post-
thaw survival and motility of Kolbroek sperm. Semen from kolbroek boas was
collected with the ploved hand technique. Ejaculates were diluted with Belisville
thawing selution (BTS) a a ratio of 1:1 prior v treezing Semen was diluted with egg
volk tris: thereafier, one of the three cryoprotectants (14% glycerol. 14% DMSO a
7% glycerol + M DMSO) was added. Diluted samples were then loaded into 0.5 nd
straws and cooled with a programmable freerer. Thereafter e semen straws were
plunged directly into liquid nitrogen (-196°C} and stored for 48 h. Frozen straws were
thawed @& 39°C for a minute and evaluated fix sperm motility and survival a o 30,
6 and 90 nun post-thaw. The postahaw sperm survival frozen using glycerol as a
cryoprotectants was signilicantly higher immediately after thawing compared ©
DMSQ, however, similar > the combination of glycerel and DMSO. There was mo
significant difTerence on motitity rate immediately @ min} post-thaw between the
three crvoprotectants, Sperm crvopreserved with plycerol exhibited significanily
higher percentage nofility & 3o, 60 and 90 min post-thaw than in the other
cryoprolectants. Based on Sperm motility. glycerot was a beftter cryoproleclanis for

eryopreservation of Kolbroek bear sperm.

Nur e of. (2ol 1) investigated the offize of diffzrent freezing rates m posi-
thaw sperin motility, acrosome defect, and sperm clrematin Structure and apoptotic
aaivity m ran semen. Collected semen was diluted & 1:5 (semen/exiender) with
Bioxel® {IMV technologies France) a 30°C and then celed © $C within 1h Cooled
semen was subjected © the equilibration for 2 hours. Equilibrated semen was frozen
in 0,25 mt araw & two different cooling rates (slow: 0.5°C/min from 5 © -20°C and

fast 5°C/mwin from 5 w -20°C). Both groups wene frozen from 20 © -120°C a
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25°Cimin and stored n liquid nitrogen until use, Post-thaw (37°C Gx 30 min) sperm

motility, defecled acrosome (Pivim sarivem apglutinin Bugrescein con jugate, FITC
PSA), sperm chromatin structure determined by Acridin Orange (AQ) and #poplolic
activity using termingl deoxy  nucleotidyl  translerase medited dUAT nick-end
labeling (TUINEL} were evalumed. Postthaw sperm maonility, acrosoms defizct AQ
al TUNEL lor slow Frozen semen were J2B:88%. 31.6+12.0%. 2.9+24% =nd
2841 6%, and for fast frozen semen were 36.5409%. 247+ 1%, 3.3422%% aud
6.3+34%. respectively. Post-thaw semen anihysis showed hat there was 1o
signi tieant diflerence bet ween two Froezing curves in terms of acrosome defizcl, sperm
chromatin damage (AQ). hovveser. o significant dilference was fond for post-thaw
semen molility between two proups (P<0.05). In conclusion, while the slow freezng
procedure improved posttliaw sporm motiliy. acrosoine and chromatin integrilies
am apoplutic index n ram spermatozoun did not show amy' signilicant difference

betweren {reesng rales.

22 Noz-split & split metleod of plycerol additien, Ymperature of glyceral

add il ion

Arriola and Foote (1987} i an experiment added g standard epp-yalk-tris
exiender contaming deterpent mixture, sodium and dricthanolamine Jauryl sulfale m
Ll sperm. Ciyeerol was added i one step wr die initinl extender o n free steps
after cooling sernen B 4°C". The exteoder semen was packasesd in 5-ml French straws
g Trozen ower static hitrogen vapor. Thawing was 4 4 30 and 60°C, There woe
little di lTerences chie o the mediod o adding @ yeerol provided detergent was present.
Percentages of manile spemm aller Mreezing in the sx concemeatipns of detergent, n
decenchng order. were 31, 45, 520 51, 48, and 36, Percemiages of molile SpErTD
Tellowing thawing @ 4 30, and 60°C were 36.5 460 and 486, Acrosomes retenfion
o was better proserves ‘with the higher thaw temperiures. A second experiment,
similar in design k e firsl one. was conducted with whole egp-tris extender. ‘The
bed resols were in wwhole epp-Tris conlaining 0.125% detergent where post-thaw
motile sperm ol 7o.4% greatly exoceded 30, 7% without sodivm and triethanokimine
fauryl subtale. Tertility of sperm frozen i yolk- Trs-deterpent was equivalent o Wiole

mitk Bed & a conrol.
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Fiser and Barfull & of {1989 [wund that e post thaw survival of

spermatozoa can be infleenced by the way in which gheerol s added prior ©
feeezing. bul post thaw spermatozoa modliy and acrosomal inegriy can be
maintained even afler rapid deaease i gheerol concentration. In e experimenl the
concentration ol ghcerol vas adusied o 3°C prior © freezing in oie Slep addition a
H°C (Method 1. by cooling de semen b 5°C and addition of the glycerel gradually
gver M) mlil (Method 2}, b once step addition of gheerol prior o equilibration Jor 2
hrsiMetbad 3)or by cosling © 5°C lallowed b a holding periad of 2 lrs & $C and
e one step addition of glycerol s prior ke frewing Method 4), After thawing the
gheerol concentration of the semen was redoeed by stepwise dilution fiom 4 10 0.4%
over 15 or 30 min «r by a one-slep tenfuld dilution, When awraged over e method
o gly cervdation the post thaw percentage of monle spermateyog (43.7-44, 2% ind the
percentuge of intad acrosomes {56.8-59.5%4) did not MTer signilicanty in semen
sihjeccd 1o gradual dedrease in gheerol concentration and diluents osmolality (over

1Suidd 20minjur by aonesiep, [G-foldddution.

Pena o of (1998} wed four dlerent conventrations of ghycerol in a iris-
fructose citric acid extender for Triven dog semen and the dFieas of adding ghycerol at
FC o 4 to the wxtender were stadied by nonitering the  pust-thaw' sperm

longevity and acrosonml integrity Juring incubation & 39°C.

Morrier o of {2002) wed 7% pgheerol © sludy the offizos of method of
glycerol additivn in ram spermatozoa. The rn semen was divided inte 2 aliquots and
diluted with commercial extenders thal were identical excepr that ene containesd 7%
Elyeerel. In a sevond expenmen ran sanen was prepared Jor cryopreservation by a
me slep dibitlon with 7% ghcerol or gradually with a 2 step prolocol © lest the
hypothesis thar the methed wod 1ime of glyeerol addition alects sperm qualily after
freezing wnd thavsing. They found that the presence of plycerol did not affict the
quality of fresh sperm. For enyopresenved spern. e inethod of glycerol addition alsoe
did ol affizet the quedine o thawed speem. Hlowewer a decrease i sperm molilily and

“wiahility oceurred due to the duration of time in extender.

Thun o of 2002} used difTerent temperalures for cryopresenalon using

“I'rs egg yolk-citrate extender and Biophos-phus, in method A they 1sed Tris qp volk
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as extender and packaged a 4°C. In method B, they used Tris egg yolk and packaged

g room lemperature between 18 and 22°C. I method C. they used Biophos-plus =
extender and packaged a room temperature. They compared the tree methods using
post-thaw motility. viability, morphology and osmotic resistance as semen quality
parameiers. All e laboratory parameters investigaled were significantly better in
method A and B compared © method . Bu thare was no any dillerence between e

cryopreservation done a 4°C and 18-22°C,

Wesad and Ball (2004) investigated the effeat of step-wise dilution fix the
removal of the permeating  eryoprolectant, gleerol, from  both  fresh  and
cryopreserved  equing  spermatozoa  on their molility and  viability, There were
significant (P < 0.05) elTees of osmolality and difution method on both total and
progressive motility as well as viability in Mesh spermatozog. With the rapid, one-step
dilution being signi ficantly more detrimental © viabi Kty and motility, ecompared 1o the
xed molarity and Mixed volume-dilutions. With Iriwen—thawed spermatozoa there
were signilieant effects of stallion on wowl and progressive motility of spermator.oa
alter crvopresecvalion and Thuwing: however, treatment (type of dilution  afler
thawing) did not affect post-thaw motility. These data indicatolthal rapid, single-siep
removat of glycerol From fresh equine spermatozoa resulls in a posl-hyperosmoic
siress that ® characlorizoed by a reduction in both molility and membrane integrity,
This post-hyperosmotic stress can be reduced by a step-wise dilution fix removal of
glycerol, which improved the maintenance of both motility and membrane integrity,
However a similar benefit for siep-wise dilution for removal of glyeerot was not

ohsered in cryopreserved equine spermalozoa.

Santos ¢ o (2005 sudied the effects of different cryoprotectants and the
wmperature of addition o the survival of red deer epididymal spermatozoa. They
evaluatcd e offects of for most comtuonly used cryoprolectants (CPAs),
(lycerol(G), Cihylene glycol (EG). Propylene glycokPGY. and Dimethyl solioxide
(IIMS0). o the sperm survival. They also studied the effects of wo temperatures of
CPA addition 22°C (ambient temperature) wxl 5°C on spenn quality, For each
lemperalire sperm samples were evaluated after 0, 15, 30 and 60 min of spermatozoa
exposition & CPAs. The sperm qualllies were judged n vilro by niieroscopic

assessments «of individual sperm motility (SMI}. and of plastua membrane {viability }
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ind acrosome (NAR) imegritics, Overndl, DMSO showed the highest toxicity for red

deer epididymal spermatozoa, and glycerot the lowest Their results showed a
dillrendal response of scfosome membrane © lemperature of CPAs addition.
Regardiess of the TP A used, stitistically signi ficant (p<0),05) were found hetween e
o temperatures of addition o' ClPAs Tar acroseme inlegrity, the best heing the 22°C
(NAR=B3 8% vs. 69.8%). Hence, the experiment ndicnted that spermy gually of red
- deer epididymal spermatozoa, n addition b be allceted by the eryoprotectant, can

- also be infl uenced by the temperolure al which CFAs we added prior o freczing,

Muria o of. (2006} compared different eryoprowstanes wd studied the etfea
Al the wemperature of adkdition on e survival of Red Deer Epididy md Spermatozoa
I'wiih the aim o fnding a ideal crvoproeciant i 8 suiteble concentrstion foe red deer
epidicymal  spermutozos prescesation. They  evalumed  fe offeas of Towr most
commoply  wsed  cevoproleciants (O PAs). Cilycerol  (U),  Liglene plyeollliC,
Propylene glycol (PG, awd Dimethyl sullfoxide (DMSO), o il Sperm  survival,
Besides. the wfear of two temperare of CPA uddition 22'C ambicat Lethperaiure)
and 57C-on spermy quality were ase tested. For cach temperature tested, sper
sumples were evaluated wlier o 15, 3o and 6 min of spermatozoa exposition &
WRAS. Thos, sperm quality wos i vitre judged by microscopic assessments of
ndbidual spenn motd ity (SMEL and of plasma membrne i Viability) and acrosome
(NAR) intepritics.  Owerall. DMSO  showed  the highest (oxicity for ral  deer
emchdynunl spermatezoa, and glyeervl the lowest. Thus, o 60 nin o incubstian SMI
lesulls showed that ihe toxicty © rd deer epididymal sperntatozoa of the four CP As
are i the foilowing sequence: G~ G~ PG < DMSO (less than® symbol mesn 1*<
005 and approximately symbul means P =008, Furthermore, our resull also showed
8 dilferent response ol acrosome membrane & temperature of CPAs  addition.
egardless of the ¢ PA osed, statistically' significant variations (1< 1,05) were found
betveen i two lemiperature ol addition of CPAs [y agosome nteprity, te best
Iffuing 2PPC INAR=E3.8% vs. 698%). These data indicaled that sperm quality of red
getr epididymar spermatozon, in addition b be aflected by the cryoprotesctant. can

2k be influenwed Iy the lemperare 2 which CPAs are added prior 1 Freesing.
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2.3 Dual or triple staining for acrosomal inlegrity

Didion o o (1989) explained a simple dual stain procedure (DS) fir
simultancously determining sperm viabifity and acrosomal status. The DS includes
te we of the vital 2ai0 trypan blue © detect live and dead spermalozoa and (Giemsa
10 detect e presenae or absence of an acrosome. For staining, spermaiozoa. are
washed, incubated with typan blue., washed, dred onto slides. and subjected b
Giemsa. Dead spagmatoroa stain biue in the post acrosomal region while live
spermalozoa temain unsiained. The acrosome stains light purple—dark pink while
acrosome free sperm remain unstained. This staining patten enables differentiation of
spermaior.oa which bave undergone a wue agosome reaction (TAR) from those which
have undergone a false acrosome eeaction (FAR). Incubation of bull, boar, ram, and
stalion spermatozoa for 60 mimues a 37°C in the presence of calcium ionophore
increased the propotrion of spermatozoa undergoing a TAR n all species except the
stallion. Incubation of bull spermatozca for wp o 24 hours & 37°C resulted in a
decrease over tingé n Uk percenlage of live acrosome intact spermatozea and z
sitmultancous increase i the percentage of spermatozoa categorized as having
undergone & TAR and FAR. The [ could be a usefidl technique in evaluating spem

viability and actosomal status in fertilizalion and clinical studies.

kovacs ad Foote (1992} developed a praclical and reliable staining
procedure © distinguish e viabiliy and acrosomal status of bull. boar and rabbit
spermalozod. The [irsl stain with uypan blue o Congo red 5 rapd and avoids
artifacts. This stain & precipitsted by pewtral red during the 2 min required for
fixation. Tte precipitale gives a high contrast black color. resistant © the subsequent
sisings and persists during the tme required §or slaining e acrosome with Giemsa
Ten classes of spermatozoa are distinguished {live or dead with intact acrosomes,
bose acrosomes, damaged acrosomes. no acresome, o wih ne acresome and o
postacrosamnal ring). The intacl acrosomes are purple. the loose acrosomes are dark
lavender and the damaped acrosomes are pale lavender. The antenor part of the head
of tive spermatozoa wilh no acosome ® white or light pink and same of dead
spermaiozoa s white or pale grey. The postacrosomal ring & red. The postacrosomal
anz of the head of live spermatozoa is white or light pink and the same par of deal
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spermatozoa & bluck. dack violet or gray. The procedure: did mot give satisfactory

results fir stallion spermatozoa.

Sidhu o . (1992) deseribed 8 smple dual slaining procedure fix delceting

e rue aceosome reaction i dried smears of bulfalo spamatoron Trypan blue was
wsed [irst o dil Ferentiate {ive Fom dead spermatozea and the dried snears which hed

bem prepared were slainad with Giemsa for acrosome esaluation, Four categories of

Spermalozod were recognized: A} live. intact agoseme (acrosome pink, post nuclear

ep clear); B) dead, infiet acrosome {aorosome pink, post nuclear cap blue); ©) live,

Adetadwed aerosome (acrosonwe clesr post nocleir cap clear); and [ dead, detachesd
aerosome faerosome clear post nuelear cap biue). The procedure was simple, rapkd

camd consenient  for assessing wue acrosome readion @ bullale  spermatozos.
ASimuliancous assessment of spermt viabilite and ils acrosomal sigius i died simews
nakes this procedure atfruclive bocause e drue perosome neetion can be studid

thorenghly w a later stawe aller the incubation period.

Tamuli and Watson (1994} wed two common slaining lechniques, nigrosin-
Leosin (NI and the Giemsa gatn m order 0 determine acrospmal slaus i Tive

spamatozon. Fe fourd m signilicant differcnee between proportions of live boar

Sspermutozon determined By dbe NE techitique and die nigrosin-vosin-Ciiemsa (NEG)
leehnique, tie also compared e proportion of live spermatozea determined by NEG
wehmge witl thwe wesulis off [uorescent vinbilily slams, carboxyfluorescein diasttate
i propidium iodide, The difference although significant fpe 0.0} was small, ¥4
‘."!:Nlill}j s B0%  (CFDA/PY). Acrosomal  alterations,  determinesd by diffierential
Uinterference  contrast microseopy  and by de NG wehnique did ot dilTer
signilicantty for boar or ram spermatozoa. Ths novel staining wehnigue & capable of
Ldetermining four catepories ol spermalozon; live acrosome-intact. live aerosome-
reackd or damnged. dead acrosome intuet al acrosome reacted o damaged. He
‘explained e methed o be very simple w0 palom requires only basic equipment aad

\appedrs extremely reliable,

Way ot of (1995} compared [y siaining procedures for simultaneously
‘assessing  viability  ard  acrosomal  mtegrity of bovine, ejaculated and cauda

epdidymal spermatozoa {(CLS) were evaluated. Fas preen FCFieosin B (FG/ERY,
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sativum agghutinin (PI/PSA) were compared with naphthol yellow and ervthrosine B

(NY/ER} and E-Ab as standards for acrosomal intrgrity and viability, respectively.
Both cjaculated and CES samples were incubaled with heparin (10 pg/mik 5 %
C0y/air, 39°CY o 4 h, Lysophosphniidylcholine was added w spermatozoa © induce
th: acrosome reaction in capacitated spermatozoa. The sperm cells were then stained
by the diff'erent methods and evaluated e either intact Jive. intact dead. acrosome-
reacted live. or acrosome reacled dead. The resulls indicated that FG/EB. E-Ab and
PI'PSA  siains provided an aecurale assessment of bhoth viability and acrosomal
inegrity fir ciacilaied spermatozoa Although PVPSA was a relisble method of
detennining  viability and acrosomal integrity of ejaculated and cauda epididynial
sperm cells, it was not suitable for use with spermatozoa capacitétssd with heparin due
0 spenn agehtination. The E-Ab stain. whidh was originally used t©o determine
viability only. was also fiund © be suilable {or deteymining acrosonial integrity of
both vjoculated and CES, whan differential inwrlerence conirast microscopy wes

used.

Garde o of. (1997) described @ procedure for simultancous evaluation of
gperm viability mld acrosomal staws i lixed deer spermatozoa. This technigue, ‘which
8 a modilicaton of he triple-stain technique (TST) developed (ir human spenn.
wii lizes wrypan blue © identify the percentage of live sperm in culbure and subsequent
staining of (ixed sperm © dillisrentiare the acrosome, Four clusses ol deer sperm can
be distinguished with the TST: (1) live unreacted sperm. (2) live acrosome-reacted
sperm (lrue acrosonle reaction), (3) dead unreatted sperm. and {(4) dead acrosonie-
reacted sperm (false acrosome reaction). The study shows that the acrosome status
can be detected either by TST stain o by phase-contrast microscopy {r= 571 p<
Oy and tha TST does pot differ from G486 wypan blue i its ability b identify five
and dead sperm (r=. 995, p< 001 ) This staining procedure enables diffizrentiation of
spermatozoa thar have undergone a rue acrosome reaction (TAR) front those that
have undergone a fake acrosome reaction (FAR) T this way, incubation of deer
spermatoroa for 30 min & 37d'C i the presence of calcium iorophore A23187
increased the proportion of Spermatozos underpoing a TAR. Sperm incubated in the
absence of A23187 undergo the TAR a a much lower rate (p< 001) than those
incubated in the presence of jonophore, This stain procedure was also wed v study

the time course of the true acrosome reaction of dege sperrn m vitro. [neubation of
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he time course of the tue acrosome reaction of deer sperm i vito. Incubation of

deer spermatozoa fir wp 24 hat 37°C resuled in o decrease i U percentage of tive
aerosome-imtact  spermalozod and o simullansous  increase in the percentage of

spermatozoa calegorized o Raving uadergone a TAR and FAR,

Nagy @ o (1999} evabated sperm tuil membrane integrity by tight
microscopy. During routine evaluation of rspan bue-Giemsa stained semen smicars,
gprn cefls can be lound  with unstained fwads and with slained tails. Il was
hypothesized hat these cotls were immotile and should ot be considered as alive.
Spermt molility was delermined in so osmotic and presumably isotenic trypan biue-
staiicd  wel preparation. Bal, ran and boor soioen smears were gained with
hypoosmotic trypan hue-Chiemsa W compare the reationship between the pereentage
of stuined spern tails and e percentage of sperm lai s rewaining straight mder Iy po
psmolic condition, Activity moving ermatozos with vastained heads, b with 1ails
were never vbserved i wet preparation, e correlation coelTicient found bd ween the
percentage of speno with stined 1ails and e percentage with siraight il was G.81,
09 and 0.85 for bult. ran and boor spermalozoa. respectively. Resuils of this Study
show that sperm cefls with an intecl head meinbrane, e a stained and presumeahly:
membranc-deumnaged 1ail ae nol motile. Therefare these cets should be included in

e deaa category mither than ative in the usual live-dead studies with vital stains.

Nagyer o (2000 evaluared the membrane [ntegrity of froz.enfihawed deer
spermalozoa. A simultaneous live/desd and acrosome staining. originally deseribed
for domestic mammals was successiully applied on red deer (cervas efuphus) and
{ullow deer (uma dama) spermatodon colliieled. Fom the cauda epididymidis and vas
defirens ol shot stags. The staning & simpte enough for routine application. Seven
classes of spermatovoa were distinguished i e smears of frozendhawed semen
samples. Morphology, including  cyloplasmic  droptets. was  evaluated = well
Percentage of live cells with inlact acrosomes and with no other morphologicat might

be practical index of semen quality.

Rasal & o (2000} stuiied motion characleristics, pasma  nerhrane
integrity. ard acrosomee mopphology of buffak spermatezoa after diffizrem siages of

Cryvpreservation fi.c. ditlwton. coving w 4°C, eguilibration & 4°C. aml [reezing and
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dilsted I tris-citric acid extender, cooled © 4°C over 2 hours, equilibrated & 4°C far

4 hours. dispensed into .3mL straws, and frozen o a programmable cell freeza
belore plunging into liquid nitrogen. Frozen semen was thawed a 37°C i 15
seconds. Alter completion of each stage, sperm motion characteristics, ptasma
membrane integrity, and aerosomal morphology were detciinined using computer
asuisted semen analysis, hypo-osmotic swelling assay and phase-contrast microscopy,
respectively. Data were presemed as mean + standard ervor of the mean. Visual and
compulerized motility did not diffier due 1o dilutien, cooling. o equilibration (77.3%
+ 2. %% amd 90.5% + 1.2% respectively ) but was redueed (P < .05} atler Freezing and
thawing (53.0% + J46% and 8.8 + 06.5%4qrespectively) Linear motiity o
spermatozog, was Jower (P < 05} alter dilwion or equilibration (36.2%  2.4%) than
afler cooling or Ireezing and fhawing (79.6%% % 14%/:)8parm curvilinear velocity
was reduced (P < 0S5¥rom 12,4 £ 53 pmvsec alter dilution o 96,0 £ 5.8 umfs after
cooling, and Trom 87.6 = 4.1 /s afier equilibradon o 694 + 20 pm/s afier 1'reeang
and thanving, Sperm lateral head displacement differed (P < 05) afler each stage (.e.
dilution, 3.9 £ (.2 pm: cooling, 2.3 202 pn equilibration, 3.1 +{.3 pum; and frecang
and thusing, 1.7 = 1.2 pm). Spennatozoa with inwel plasma membrancs were 80.2%
+ 3984 afler dilution, reduced (P < 05) 0 604 Yot 56% alter equilibration, and then
b 326%e = 38% afwr Ireczing and thawing. The percentage of spermatoz.oa with
notinal acrosomes remained higher after dilution, <ooling, o equilibration (732%e x
2.4%3 than afier (reeving and thawsing (61.8% £24%: F = 05). b conclusion, the
maxintl dumage o the motility apparatus, plisma membrane, and acrosomal cap of

bufTale spermatoyog oceurs during freesing and thawing Tollowed by equilibration,

Revay ¢ o (2002) the viability and sex o bovine spermatozoa were
sintullancously  evaluated. After wviability and acrosome staining with trypan
blue/Giiemsa, only live spermaioz.on became decondensed by 4 mdlified papain-
dithiothreitol method. Owing lo this specific effect, live sparm heads were easily
distinguished by their enlarged size and dark vielet color fram small, light blue dead
sperm licads, b the same sperim sample, X- and Y-chramesome-bearing sperm were
distinguishied by their TMuorescent signal. using fluorescence i siy hybridiz.ation
{FISH) with an XY paint set and 4.6-diamino-2-phenylindole counterstaining. The
combined staining provides a method [or morphological and viability evaiuation

betore FISH and permits identilication of ke proponions of X- and Y-chromosome-
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containing live spermalozea m a semen sample, However, only 28% of the

undecondensed dead sperm express signals allowing detection of the sex of the
chromosome. The method may he an eftective 1ol in evaluating sex-oriented semen

samples,

MNapy & o (2003) demonstrated a wriple slain flow cytometric method 1
assess acrosome ntegrily of cryopreserved boving sperm. b this siudy a mew triple
gazin combination was developed fix the simultancous evaluation of wviability and
acrosomal integrity of bovine sperm processed n oug yolk based extender by flow
cylomeler, SYBR-14 propidium odide enabled the diserimination of sperm cells fram
egg wlk and debris particles, which was instrumental fix the flow cytometric
anslyses of Jrozen thawed bovine sperm. because it implied that washing sieps ©
remove egy yolk were m longer required. b addition, phycoerythrin-con jugated
peanul applutinin was wsed o discriminate  acrosemesdumaged/reacted sperm cells

fram acrpsome nuact cells,

Ovettle (2003) studied changes i acrosome morphotogy during cooling and
freczmg of dog semen. Sixween semen samples. collected from purchred beagles over
aperiod of @ months, were diluted. frowen ad thawed, o oas atlenspl © minority any
changes occurring 0 the acrosome during processing. smears made 8 various sliges
d the hundling procedure were stained with Spermac stain and examined tinder
1000x  magnitication. Most acrosomal damage appetred % occur during  the

freczefthaw processes, Sperm motiiy did ool correlaie well with acrosomat integrity.

Feng o o (2004) investigues the cificacy of five extenders in conlributing
b the outcome of semen cryopreservabon n Formosan Siks and Sambar deer. Pooled
semen (n=4) of six males of each breed was wsed In sika deer, semen collection rae
was 906 (23/24) over sl eleciro-ejaculalions. Volume. sperm motlity aml Sperm
concentration of fresh cpculation was 05 £ 04 ml. 77 £ 6% and 14713 & 9400 =

& ml" respectively. Post thaw molilily in respective extender was A 66 £ 16%; b

o
2% o T3 Dk V44 ad 12 26 £ 2% (meant S.D.3n extender C {74 +
W%y more vishle spermatozoa were preserved than n the other {A: 64 + 10%; B 48
£ 11%: Ix 41 + 0% 1 E 47 £ 6% P <0.05). Acrosomal inlegrity was not influenced

by extender ¢omposition. Post thaw motility did ot decrease during a 4-h incubation
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period, irrespective of the extender 1sed (P = 0.05), In Sambar deer, semen collectipn

rate was B8 (21/24) over all eleciro-¢ jaculations. Volume, sparm motility and sperm
concentration of fresh cjaculates was 1.3+ 05 mi 8 =4 % and 3791 £ 2522 x |0°
ml™' | respectively. Post thaw viability in extenders A (0 + o) B(76 + 7% and C
{79 + 2%%) was higher than that D (25 + 19%) and E (29 £ T%%) (P < 0.01). Sperm
acrosomal integrity was befler presened n extender B (8¢ + 4%) and C (83 + 4%9)
than i extender A (34 £ 13%). D (39 + 22%) and E (46 + 22%) (P < 0.05).Post-thaw
sperm longevity i extender A reduced From 6 © 16% during incubation (P < 0.05)
whereas oniy a siight decrease was observed in the other extender after 4 h in
conchision these data show that egy-yolk-Tris-Tes-glycerol based extender €
containing Equex STM paste ® optimal for freezing semen of Formosan Sika deer
while egg-yolk-tris-citric acid-glyeerol based extender B containing Equex  and
cxtender C are superior i semen cryopreservation © others fiy Formosan Sambar

deer.

Kutvolgyi e of (2006) narrated a simple trypan blue-neuwral red-Giemsa
staining procedure for simultancous cvalualion of acrosome, sperm head, and tail
membrane integrity and morphology has been wed © evaluale equine spermatozoa.
Some special characieristics and problems hawe arisen n evaluating stallion semen,
Om problem was the differentiation of inlact vs damaged sperm lails primarily i
freen and thawed samples. After freczing and thawing., a high percemiage of
spermatozoa with an unstained head and stained tail were pbserved. These cells are
considered immotile. Therefore, unambiguous differemiation of imtact s, damaped
sperm 1ail membrane i very importamt for evaiuating semen qualty. The aim of our
study was Jo develop a method especially for stallion sperm © distingnish more
accurately the difierent cell types. We compared Chicagn sky blue 68 (CSB) o
trypan  blue (TB) for viability staining. CSB/Giemsa staining showed pood
repeatability and agreement with TB/Giemsa measurements, For densitometry
analysis. individual digital images were laken f{rom smears stained by CSB/Giemsa
and by TB/Giemsa. A red-green-blue (RGB) histogram for each area of spermatozoa
was drawn. Dilferences of means of RGB values of live vs dead tails and separaie
ive vs. dead heads from each photo were wed t compare the two staining
procedures, CSB produced sitnilar live/dead sperm head dilferentiaion and better tail

difterentiation. TB can be replaced by CSB ad this resulls 6 more reliable
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gvaluation. After staining with 006%e CSB and 4 min fixation. 2-4 h Giemsa staining

a 25-40° Cis recommended for stallion semen.

Jankovicova & o (2008) used wwo staining methods for evaluating
acrosomal and viability status of bovine spermatozoa. Artificial insemination with
frozen-thawed spermmtozoa & cownonly used in catte breeding. A simple and fad
procedure & needed for routine evaluation of the acrosomal slatus of frozen-thawed
bovine sperm, Therefure. the purpose of this study was two staining procedures used
o determine the wviability and of acrosome of frozenthawed bovine spermatozos.
Double staining and HoechstFITC-Pisim suivam agglutinin (FITC-PSA} labeling
were tested lor evaluating the viability and acrosome reaction induced by calejun
ionophore of bill spermale#oa I our experiments no significant differenses were
detected in twe frequency of acrosome-reacted sperm either by double staining
{37.98%) or by FITC-PSA labeling (39.33%0).The viability of spam stained hy the
double staining method was 67.07%. and a higher portion of viable sperm (82.67%)
was observed by staining with the Floechst procedure (P < 0.01).0n the basis of the
resuit obtained & 5 concluded that bath methods can be used fir detecting the

acrosoine reaction of I rozen-thawed bovine spermatozoa,

Rithic & «& (2009) explained ihat plesmatic and acrosomal membrane
integrily can be used a5 valuable information for determining sperm guality because X
B important © know the morphological and functional role as celdar detingitation
and in effective cell interactions. The study was aimed o determine cryopreservation
effects on spern percentage of vitality. number of damaped actosomes (DAR). the
structural and functional sperm plasma membrane integrity n five fresh ejaculates
ad S thawed straws of 5 bulls by wsing Fosin-Nigrosin swin. Significant diffsrences
were found on seninal quality parameters beiween thawed and fresh sperm. Freezing-

thawing procedure had detrimental effed on the integrity.
24 Apuoptosis if spernc
Anzar o f 12002) studied the effeat of cryopreservation on bull sperm and

© lest the relationship between apoptotic sperm and fertility potential of semen, The

sudy was conducted & detect sporm apoptosis n fresh and frozen semen and B
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determine its relationship with bull Tertility. T'lree ejaculates were collected Fram five

breading hulls with dilferent fertility levels ond were cryopreserved using standard
methods. Two Mow cytometric methods were employed w measure apoplosis: an
assay' for phosphatidylserine (S} wunslocation across the plasina membrangs using
horescein-labeled Annexin ¥V and propidium Jodide (P1), and an assay fir nicked
DNA usmg bromodeoxyuridine (Brdl)). terminal deoxynucleotidyl translzrase, and
Muoreseein-labeled anti-Brdll menoclenal antibody. Boih assays showed that fresh
spermy contailled [0%-20% apoptotic spenn. Signilicant diltergnces in Ihe percentage
o apoplolic sperm were  obscrwd  among the bulls, Cryopreservation  induced
ramstocation of IS to the vuter leallet of the plasma membrane and caused nwost of
he necotic cells in fresh spenm © disintegrate, Bull forility wes significantly related
b the pecentage of neerstic o visble sperm o frsh semen w detected W' the
Annexin V/M assay, o e number ofupoplotic sperm in mesh semen a5 detecled by
e TUNI:L. assay, amd w0 the level of clramatin or DDNA condensation a8 detected by
M slaiving. The present suxly Suggests that the presence of apoplotic spermitozod i
fresh semen could be ote of the reasons for poor fertility in hreeding bulls. His study
rewalod  that  eryopreservation causes  Tmgmenttion  of  spermalozoa,
overcondensation of spermatozoa DNA and sperm apuplosis. All these changes IiI'LEI:y'
b conlribute % the general decline i 1edility that & ebserved 0 semwen samples afler

Cryopreseryvalion.

Martin ¢ o, (2004) reporied thal apoplosis can coniribute o the Tl offte
o cryopresenation on bovine sperm cells. A nuliparamelric sudy of dlieet of
Lapoplosis  on o bovine  sperm owas conducted  using  NMow  cytometry.  including
Amilechondrisl — membrane  potential  (DCm), caspase  activinion,  membrane
“permeabilily. nucleus condensation. DNA Tragmentation and phosphalidylserine (Ps)

externalization. Cryopreservition and or thawing induced signilicant changes in all

Sapoptolic markers 1 living bull sperm cells except those voncerning the nucleus,
'They concluded that cryopreservation acts & un apoplotic mechanism inducer in
“ovine sporm cells, where e earlies bul ot the latest features of cells underguing

BpUpIDSis oelur.

Chaveiro o o (2007) wssessed spam apopinsis m cryopreserved bull semen.
"The technigues used © prepared bovine spermutozon fir it viro fenilization. ®

enhance he percentage of modle sperme eells include the swim-up (SU) methaod,




bl
among  others. The objective of the present smdy was o evaluate the

phosphatidylserine {PS) translocation and plasma membrane inlegrity as the indicator
o apoplosis and pecrosis in postthiav, bull sperm after SU treatment using annexin V-
fluoreseein isothiocyanate (FETCYpropidium iodide (P) assav. A flow cytometric
study was employed o measure apoposis kvels on frozenthawed bull spermalozoa.
The assay detects PS translocation agross the plasma membrane using & fluorescein-
labelled annexin-V and P, By wusing the annexin V/Pl assay four different
subpopulations of sperm were obsermed (i) a population of apoptotiv sperm, labeled
with annexin V-FITC bt nmow with PL (1) a population of early reerolic
spermalozoa. sporm labeled wih annexin-FITC and PL (i) a pepulation of necrotic
sperm, labeled with 1 but now with annexin-FITC; and (iv) a populalion of fully
vigble sperm cells, sperm not labeled with annexin V-IFTTC and without Pl Results
clearly indicated that SU7 techniques itself could have an adverse dfcal m the
spermatozoa metubrang stability. i had ako been found. significant diffrences

between bulls in the level ofapopiotic sperm, after SU treatment.

Ortega o o (20067} shdied oo apoptosis like changes m o yopreserved
equine sperm. [he kinematics of the apparition of apoptotic markers was studied flow
crvomeltrically and by inmunoblot assas in egline spermatozoa subjecied o freezing
md thawing. Caspase activity. low mitochondrial membrane polential and increase in
sperm inembrane permeability were observed in all the phases of the ¢ryopreservation
producer. Freezing and thawing caused an increase in membrane permeability. and
changes in the pattern of caspase activily; white decreases i iilochendrial membrane
potential were observed after centrif ugation and cooling v #C and afler freezing and
thawing. [\ 5 proposed tha the spem mitochondria may be directly involved n the
subtle damape that 5 present n most of the spermatozoa sunviving Treezing and

thawing.

Feitesa et of (2008) studied the kinetics of changes m plasma membrane
related © apoptosis and necrosis in bovine sperm cells a different incubation Gmes.
Incubation lime induce damages in sperm cells by necrosis andior apopiosis. The ain
of this study was the evaluation of changes i plasma membrane relaled to apoplosis
#nd necrosis m bovine sperm cells through 2 hours of incubation. Sperm celis were
incubated & o (v/v) C0; o ar Hr G 30, 6G 90 and 120 minues. After each period,
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perm cells were incubated with Quorescent yo-pro and propidium jodide (P e

deted change in plasma membrane related o apoplosis and neoesis respectively,
Using yo-pro/l’ ] assay, three &iTarent subpopudat jons of sperm cel B were detected by
fow cytomerry: @ necrotic sperm cells (P1° and Ya-pro™ *); b) apoplotie sperm cells
(Yo-pro® and In™) and ¢ diving cetls (Yo-pro™ and PI7pThe pereentage of live cells
(plasma membeane ntegrity) signihicndy decreases over 2 hours of incubalion. o
e otha hand. he percentage of necrotic and spoptlatic eells inereise during
incubation, Chinges in plasma membrane integrity were corrdated b incubation time,
While live vells were negatively correlited with e inerense of incubation time.
meeross and apoplosis were posilively correluted, K owas alse observe thit nedaosis
wes the main damage in sperme eells inoall incubation Ume, M concdusion. incubation
fime induces changes in plasima membrane integrily related & neerosis and apopiosis,

whether neerosis s present in higher quistity in ait incubution fimes,

Khan ef of (2009) studid apoplesis m fresh and  eryopreserved batTado
spermt, The objectves of the study were (@) walidotion of pinexin VPl assay Dir
gstimation of sperm gpoplosis - bulfalo (Experiment 1) aad (b) dewrmining the effec
of storages of eryopreservation on sperm apoptosis and s correlation with spennt
mufility and plasma membrane integirity (HExperiment 2. in Experimenc 1 dilTerent
levels o upoptosis  were  artificially  induced n bufplo  semen (00 = (P
spern/uliquoty through graded doses of compiotheein (5, 10 and 20 gM/{aliquot),
Higher concentrations of camptothcein (10 aed 20 pM) successCully (2 005)
mduced apoptosis s compared B the lower (8 pMy dose andfor courol In
Experiment 2, semen sampled (7=%, three pooled semen samples firom each of the
tree bulful bulls separetely) were cryopreserved asing vapor freeding | The mean
percentage vl apoptosis. necrolic md viobie sperm did mol dilfir between (resh ond
before lreesing  stapes. Howeser, freezing and thawing increased (2 < 0% e
percentage of apoplosis sperm (25,4 + 06 v, 30,5 £ 1.9) while deacased (P2 0.085)
he pecrotic (350 # 12 v, 207 2 07) md vidble spern (37.2 £ 1.3 vs, 328 £ 1.9 (P
< af7)y Likewlse, e memn percet motfity and plasma manbrane  integrity
decreased (P < 05 (64 + 20 v 494 + 13y and (796 + (L5 vs 3R7 &+ (L3
respechvely. ot post thaw compared © other stages. CoelTicienl of comelation.

combined a all stages Tor each varlable revealed that sperm apoplosis was inversely
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correlated with sperm motility and plasma membrane integrity. k & concluded that (a)

the annexin V/Pl assay can be used a5 4100l © delermine the buffalo semen apeptosis

and (b} freesing and thivwing induees apoptosis n buffalo sperm,

Bolanos e o (201 1} recopnized apoptosis as a cause of spermy death during
eryapresersation.  They investigated the role of apoptosis and autophagy during
cooled storage of stallion spermatozpa. Samples frmn seven stallions were splited:
half of the ejaculale was processed by single lsyer centrifagation, while the other haif
was extended unprocessed. and stored a 5°C {or five days. During the flime of
storage, sperm motility (CASA, daily) and membrane integrity (flow cytometry,
daily) were evaluated. Apoptosis was evaluated on days |, 3 and 35 {active caspase 3,
increase  in  membrane  permeability,  phosphatidylserine  translocation  apd
mitochondrial membrune polential} using Now cylometry. Furthermore, LC38
processing was investigated by westan blotting @ the beginning and & the end of the
perind of slorage. The decrease i sperm qaality over the period of storage was o a
large extent due i apoptosis: single layer cenwifiigaiion selected non-apoptotic
spermatozoa, bul there were oo diff erences moosperm motility between selected and
unselected sperm. A high percentape of spermatoroz showed aclive caspase 3 upon
ejaculation. and daring the period of storage there was an increase of apoptotic
sperinatozod bul mo chanpes in the percentage of live sperm. revealed by the SYBR-
/Pl assay. [.C3B was ditTerentially processed in sperm  alter sinmgle layer
centrifapation compared with nalive sperm. In processed sperm more [LC3B-l was
preset fhan in non-processed samples, furlhermore. in non-processed sperm there
was an inercase n LO3B-h after five days of cooled storape. The results indicated
ihat apoplasis played a major roie in the sperm death during storage in relTigeration

and autopliagy plays a role in the survival ol spermatozoa.
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MATERIALS AND METHODS

3.1 Location of the work

The experiments were cartied out & the mithun fiym as well as in the laboratory
of Animal Physiology Division of NRC o Mithun, ICAR, Jharmapani, Nagaland.

32, Experimentaluninials

A total of 5 healthy Mithun bulls of 4 b 6 years of age were used fir the
experiment, The bulls were maintained a individual pen & research firm of NRC
Mithun, Jharnapani, Nagaland, India. The animals were reared under intensive system
and daily offered 4 kgs of concentrates (88% dry maute and 15% crude protein) fortified
with mineral mixture and salt, The animals were also led ad libitum mixed green forages
Igrasses, shrubs, herhs and ree Jeaves collecied Irom the yrazing area on hill, terrain with
19% dry matter and 1 1% crude protein} and drinking water.

33 Semen colleetion Evadustlen, Dilution and Presersatign

Semen eolleelion:

A total of 80 semen samples were collected through rectal massage method, In
this method seminal vesicles were massaged centrally and backwardly for § minutes
Foliowed by gentle milking of ampullas one by one lor 3 0 § minutes, which resulted in
erection and e jaculation. During collection, the imitial wansparent secretions were
discarded and neat semen drops were collected n a graduated test whe with the help of a
mterilized Funnel, (Dhali & &f 2008}

Phote. A. Cellection of Semen by massage method
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The samples were kepl m a thermo flask mamtained @ 37°C immedialely after

coliection and evaluated for color, consislency, volume and muss activity. The sperm
qualitative  parameters wiz. progressne  motility, acrosomal integrity and
morphological abnormalives were delernuned after initial dilution, afier 4 hours of

equilibrzytion and after 7 days of lreesing and thawing,

Evaluation of semen

Colsur

Colour of semen was determined by visual inspection amd was recorded
immediately afier collection. Any abnormal colored semen sample other than white

arel yellow colour was discarded.

Volame

The ¢ jaculaled voliine was noted directly from the graduated semen collection
tbe and recorded 1 mulli liter.

Muss Activity

Mass activily of fresh semen samples was determined by using a 5 seale (-
5 0 — wvery poor, waves nol presenl, spern cell immotile; + = poor. waves not
present, sperm cells moule; ++— Vair. Barely disiinguishable waves i motion;
tH+— mpod waves spparent, moderate motion: ++++— very good, dark distinct
waves in rapid motion) as described by Bhosrekar (1990), A neal semen drop was
placed in a pre-warmed glass slide and analyzed 5.6 liclds by using bright field opics |

(Dewinler binocular mieroscope, magnification 100x), |

After mass activity estimation the semen samples were initially diluted by |!
adding | mi of pre-warmed (37°C) tris-cgg yolk glycerol diluents ris- hydroxymethyl
aminomethane 24.3 mg/ml. Sodium citrale 13.4 mp/ml, fruclose Wmg/ml, penicillin ‘
G sodium salt 1000 1U/ml amd dihydrostrepromycin ¢ mp/ml The partially diluted

samples were maintained a 37°C for further processing, After initial dilwion the
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samples were brought o the lsboratory for estimation of percentage of propressiwe

metility and concentraition,
Progreasise motility

The semen samples were kept @ 379 in a water batk until couling, A drop
of semen was twken i a clean phiss slide and put a cover slip and examine the drop
first under low power (100:) and then wrned onte high power magni fication (400x ),
Spermy with straipht forward mowmenis were counted in cach fiekd, Aliogelher 56
lields were examined and fixe rating of intual mofitity was done by visual es{imation
as desceribed by Zemianis (1970),

Iﬁpurm Cnncentrating

The  spermatozos  copceniration  was  determihex]  with e |hely  of

heemecy totheter.
hisation andd Preseration

Following the determinaiion of spermatozea concentmtion, {nal dilution of
he semen sumples was done with pre-warmued (37°0) ris vgg yok gheerol extender
where the concentration of egp yolk was 2% and the glycerol was added in such o
way that diluted samples contincd  3.4.5.6, ¢ 7% pycerol (viv) ad 60 x 13"
permatocna pd 0.5 nu straw, The entire quanlity of plycerol was added in ave siep
(nonsplit, EXPERIMENT-I) or split imethod {EXPERIMENT-I} as required. After
be finul dilution le samples were oaded mio 0.5 ml straws [for one step addition of
lyeerol) and were sealed with PVA powder. The straws were then kept a 3°C [fur 4
hows for e-quilibration. Afier equilibration the siraws were firozen in liquid ritrogen
‘,api:.rur (Fem ahave the liguld mirogen level fixr ro min and subseguently plunged o

iquil nitrogen For swrage. B for split mahod of addition of plycerol he semen was

joaded inte the straws br frec/mp avd storage only after e comnpletion of the




Fxperimenial desipn (According W methad of glycerol addition)

34, Experiment | {One step glveerol addition)

Semen samples were cryopreserved in ris-egg volk glycerol diluent and spam
gualitics were evaluated a diffizrent stages of cryopreservation. The otal amount of
requited glyceral was added into the diluents in a single dose & 37°C after final
dilution and kept isnmediately a 4°C b equilibration. The experiment was performed

n threc replicales.

A5  Experiment Il {Split method of gl yeeral addition)

Semen samples were cryopreserved in wis-egg yolk glycerol diluent and perm
qualities were evaluated @ ditferent siages of cryopreservation. Glycerol was added
into the diluents i split doses. The otal amount of glycerol 1o be added was divided
into Four equal pans and a single parl was added into the diluents after final dilution a
th ¢imemediately before eguilibration, ie. 37°C), 1h (4°C). 2h (4°C) and 3b (@°c) of

equibb ration. The experiment was performed n #ree replicates.

A6, FExaluation of acrosomal integrity and morphological abnormality

The live spermatozoa count. morphological abnormalities acrosomal integrity
slaws were evaluated simuhancously with he help of double swining 1echnique using

irypan blue and Giemsa skin (Kovacs and Foote. 1992).

I3ouble staining procedure

Setnears of a mixture of semen and 2% trypan blue were prepared and the
slides were dried i the ar @ roon wenperanre. The shides were then fixed in 3
fixative solwtion (86ml lin HCL + 14ml 37% formaldehyde + 0.2 g Neutral red,
sig;na St. Luis MO) for 2 minues. Afier fixing. the slides were washed wih distill
water and stain with 7.5% Gientsa stain solution P 2.3 hours, Afier staining
procedure the smears were rinsed n distill waer. Then dried i the air and
subsequentlly mounted with DPX. Al least 300t numbers of spermalozoa pur slide
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wire counted using a light microscope under 40 x objectives. Four diffzrent classes of

spermatezoa wers distinguished during the ¢valuation. These were:

1. Live. intact acrosome {acrosome pink. post acrosomal area clear)
2 Dead, intact acrosome (acrosome pink. pos acrosomal ards blue)
3 Live. damaged acrosome {acrosome clear, post nuclear cap. clear)
4 Dead damaged acrosome {acrosome clear. post acrosomal area blue) (Sidhu e

ol 1992,

The percentages of live intact, dead intact. live damaged and dead damaged
were calculated separately (inidividually). The morphological abnormality perceniages
were counted separately frr hesd abnormalities, mid-piece abnormalities and 1ail
abnormalitics and the total abnommalities were determined by adding the 3
sbnormalities ad acrosomal siarus were evaluated (niagnificenl 900 =) with 8 Nikon
microscope (Eclipse 80y atached with a liquid crystal display (LCDY} viewer, The
view of spermalozoa was furher cnlarged (2= or 4%} fom the LCIY wviewer il
required.

A7 Experiment 1) (Ssiucdy of Apoptosis)

Study of the apoptosis was carried ot nm the semeo samples qust after
collectior. afier equilibration and afier 7 days of cryopreservation. The study of
apoptosis was carried ouwt by tuenel assay procedure using i Sife cell Death Detection
Kit (Version it.0. Roche, catalogue no jI684809910) according 1o manufacturer’s
instructions. Brietly, afier preparation of e smears fran e semen samples the
slides were fixed with 100p14% paraflotmaldehyde and kept bor lhr. Then the slides
vwere washed twice wih waslang solution (BSA in PRS). ARer washing, the slides
were incubated in permeabilization solution (30ul triton- x-100 i sodium citrate and
water) or 30 minute & room lemperure. Preparation of the tunpel reaction mixture
was done by adding 100 yl label solution and 50 pl enzyme solutions {provided in the
kit). Then again the slides were washed twice md dried and 50 pl of tunnel reaction
mixture was added and incubate for 1 br n dark i humidified cliamber & 37°c.

Washing was done with PBS. The slides were stamed with working solution of

propidium iodide and kept for 1 lir. Afier washing. the slides were counterstained with
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FITC stain for the and were examined n the fluorescent microscope (Nikon Echpse

B0L Germany) using red (wavelength- 598) and green flten wavetength-488).A total
of 20 number of cells were counted per slide and the percentage of apoptotic cells

were calculated basad on the oolor of the acrosome. (Green- normal; red-apopiotic. )

18, Statistical analysis

Statistical analyses were performed using the PASW 18.0. Sofiware package
(8P55/1 BM. Chicage, 1k, USA). For the analysis. acrisistne transf ormation was done
for the resull expressed o percentage. b each experiment, variaiion i semen
paramciers  {Progressive molility. acrosome inleg rily, morphological abnormalities
md apoplosis of sperm) among diferemt ghcerol concentrations a each stage of
cryopreservation {final dilution. 4 of equilibration o post freeze thaw) were
malyzed by ANOV A Funher. the pox frecze thaw spem qualties were compared
hetween e single and split dose addinon methods for each glycerol concentration by
ANOV A A probability valuwe of kss than 005 was considered significant, Pair wise
multiple contparison procedure  between means was conducted using  student-

Newman-kculs (SNK) wsL.







EXPERIMENTAL FINDINGS

Fxperiment-I

d.1.  Addition of glyverol & single dose (Nor-spit)

Variations I sperm quality parsmeters (3-7% glycerol adksd in single dose)
ie progressive motility. acrosomal inteprily and sperm abnormalities are presented jo
ble 4.1, 4.2 & 4.3 and fig liprogressive motility), 4.2(live intact acrosome),
4.3(ve dumage acrosome), ddidead intact acrosome). 4.5(dead damage acrosomes,
4.6(head abnormality acrosome), 4. 7imid-picce abnormaliey). 4.8(tail abnonnality)

antl 4. 9ttt spermatezos abnormal ity) respect vely.

4.1.5. Progressive motility

After initia! dilution. afier 4 hours of equilibration and afler freezing and
{hawing the mean pereentages of progressive matility were Found o be 67.8 + 2R
432 + 23 and 23.9 £ 20 Ky %% glycerol. The subserquent percentages of progressive
motifity were found ® be 67,2 + 23, 4.2 + 24 md 265 + 2.7 for 4% glycerol 633 £
140, 498 + 2.2 and 40.6 + 1.7 for 5% giyeeral 06.) + 2.9, 45.2 & 25 and 3.7 £ 4.
Bt 0% glycerol and 66,3 £ 3.7, 451 £3.0and 174 £13 far P glycerol. (Tahle 4,
& Fig. 4.1

Statistical analysis showed that dere was signflicant variation (p< 0.05) n the
progressive motility among the glycerol porcenlzges afler cryopreservation. Highest
%ﬁgmcmages of progressively motle sperm were seen F4 glycerol comceniration
and Jowest was obsened in T plycerol after cryopreservation. The perceplape of
progressive molite sperm in 5% glyeerol was significantly different to thay of 3%, 4%.

6% and 7% ghecerol



Progressive motility

Table 4.1.

3

Vaniations  *(Mean + 8K) in progressive motility of Mithun

spermatozoa during Jifferent siages of cryopreservition in non-

splie ghy cara | addition mettiod.

Progryssive IIIH[Hi[}'{'?h:I

AT

(P<0.05)
153

fr the given glycern] concentration
Naol abservation-10

Glycernl
cancentration g =
(%)
Afiter il dilition f’if'l.t'r' 4 !a Afler [ reoir_ing aml
g wil ibration thawing

3 7.5 428 432423 23,9420
Pl 3672 £21 ta42+2 4 265 278
5 ‘653 £ 4.1 498 4+ 22 406+ .75
b 166.1429 32444 31,74 1"
7 063 + 3.7 45,1 % 30 17.4+ 137

indicates values with different superseript within column  diflisr significantly

indicates values dilTer significantly (P<0.05) among e eryopreservation slapes
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Fig, 4.1, Variations (Mean + SF) in progressive motility during different

stages of cryopreservation in non-split glycerel addition method.
» b on error bar indicates a sigpificant diff erence (P<0.05),




4.1.2.  Acrosomal Intogrity

4.1.2.1. Live mtacl

The mean percentages ol live spermiatorzoa wilh inlad acrosome were found &
be 700 + 23, 467 + 20 and TR0 4 1.7 aller initial dilution. after 4 hows of
gyuilibration and alter Ireedng ond thaveing respectively Tord% glycerol. The values
for the subseguent percentages of plyvearol were fond © be 7.3 £ 2.4, 456 £ 2.1 ad
2002+ 2.2 For 4%: 682 £ 4.0, 528 £ 22 and 434 £ L8 Iop 5% 703 £33 494+ 24
ad 350 £ L0 Ry 6 and 715 £ 4 499 4+ 32 and 21.2 & 14 ke e (Toble 42 &
Fig. 4.2)

Statistical analysis indicates that there & signi licant variation (p< 0.05} aimong
he gpheorol concentrations  for live  lact  spermatozoaz percenlages  afier
grvapreservalion. Live filae:l acrosome percentage o 4 glycerol concentraiion was
significantly diflerent from 3. 4 6 und P4 plycetol. There was m any difference
umong the values fie 3 amd 4% gheerol. Highest percemage of live inlact acrosome
was observed in 5% glycerol and lowest percenlage was found in ®e glycerol after

Cryoprese rvation
4.1.2.2. Live comage

The mean percentages of live spermatozoa with damage acrosome after initial
ditution. 4 hours of equifibration and freedng and thawing were recorded 1 be 29 +
03 47 + 0.5 and 10,7 £ 0.5 for % plycerol respectively. 3.0 £ 03 50 £ 07 ad
0.5 ¢+ 0.5 kor 4% glyeerol; 30 = 06, 52 £ 0. and 4.8 £ 1.2 fir % gheerol; 1.2 £
s 52 £ 0.7 and 7.0+ 0.5 fr & glycerol and 20 £ 0.5 56 % 0.4 and 11.0+ 0.6 lor
Toplycerol. (Table 4.2 & Fig 4.3)

Stafistical pmalysis of the Jate showed that there was sigmilicand difference
between the percentages ol live damage aorosome d differenl glyceror concentraiivn
afler cryopreservation, bt there was o any diffcrence amung ithe  glycerad
pe reentages a lter initial dilution and eguilibration. Lvaluation of the data showed that
e live damuge scrosome percentages a o glycerol was significantly different trom
'3 4 and 6% whereas thee were mo any difference between 3. 4 and 7% glyeerol after
grvopresenation. Highest percentages of live damage acrosonte were seen n 7%

“gheerol and the lowest in %% afler cry opreservation.



& 1.2.3, Dead indact

Ihe mean percentages of dead inlact acrosome Spermatozoa were revorded
be 6.2+ 08 144 + 1.2 and 3.8 2 23 aller initial dilutions, 4 hours o equilibration
md alter [reezing and thawing for 3% ghcerol concentration. The subseguent reading
were revorded ® be 6.5 £ 09, 151 = 13 and 206 £ 23 v £4 gheenol: 69 + 0.8,
1.1+ 10 amd 103 £ 1.2 for 5% R0 =07, 130 £ 1) and 16,5 £ | for % glycerol
and 7.6 £ 0.8 12,1 £ 10 and 17.9 + 0.9 fix ™ glyeerol, (Table 4.2 & Fig. 4.4)

Statigical analyses revealed that there was significant dilference between e
. ghoeral percentages for the dead imact acrosome after Freezing and thawing. There
wa o amy dilference between 3 4 & 7% pghcerol, bt %4 glycerol showed
sipficant difference o that o 3, 4 6 & 7. Fron the data i was observed that 3%
ghcer ol concentration showed the highest snd $4 shiowed the lowest percenlage of

dead inlact acrosonie.

4.1.2.4. Dead damage

The pwan percentages o dead spermatozon with damagse acrosome  were
found © be 21,3+ LB 3. £ 20 and 3.8 + 2.5 ofler initial dilution after 4 hours of
equilibration and aller foezing and thawing respectively ford% glycerol. 20,6 + 1.9,
34 + 1.5 amd 49.5 + 24 for 4% glycerol: 22,5+ 2.8, 319 + 23 and 408 £ 2.7 [o
P plyecrol; 224 £ 23, 33.3 £ 3.2 and 416> £ 09 for P6 glycerol and 208 + 2.3,
334 4 19 and .0+ 24 for 7% glyeerol concentration. (Table 4.2 & Fig. 4.3)

Statistical snalyses showed that there was o any difficrence of values fur
dead imoet acrosome percentzges alter initial dilution and equilibration. There wes
significant dilference aller cryopreservation. Fa and % plyeerol was signilicantly
diff zrent from 3. 4, & 7%, hul in bewveen 5 and 6% glhyeero! there was no significant
difference. Mighest dead damage percentage was seen in ¥4 Jd lowed by %%, whereas

Pro glyeerol showed the lowest value.



Table: 4.2.

1
—

3%
1%
o2
i
?3“

84
a%
M
i
4

Fa
4%
5%
0%
M

k
8 R |

Stage and glyeerol
conceniralin n {%)

Alter wital dilution

Alter 4 h equili bratien

Alter Froeving thawing

L-1

YT(.9427
1713 224
9.2 + 40
0.3 £33
1715 4 4.0

"46.7 4 26
4502 .1
TS5 728422
W4 124
Y99 433

181,78
202 & 227
434 4 1.8
351 % L0t

nim=splic glyeerol addetion imvethod.

4

Variations *{Mcan + SE) liveahility snd aer osomal inlegrity of

Mit b n spermator on d uring different stiges of oryvopreservation in

Stuctus af sperimafozny

129403
1003
52+ 0%
N.2z0.5
1204058

'g.7405
ix07
48 :+ 1.2
52 + 07
t561 04

MHy7£057
HL52054
NNt
7.0 D5

20.2 + 1.4

1.0 & 060

1

13- D1
6.2 + DR $ 213418
% £ 0D 2062 1,9
B9 + 08 1295 + 28
RO 07 1220423
Tox08 | F208:2)
Had £ 12 | Pas 20
15010 | HagEys
1.1+71.1 | "lox23
1304100 | "333222
"2asLD | fEa e
M 8+234 | 508%£254
206 £23% | 4495424a
0.311.29 | apge2™M
16.5:10% | 41.6£0,09

500424

17.940,0%

indicates valoes wilh dilferenl superseript within column wider a particular
lreezing siage dilter significantly (P<0.05)."
(P<D.N5) umong e cryopreservation stpes Jor he given glyeerol concentr alion

L-I: Live sperm wath intact ncresome: L. Live sperm with damaped acrosome;,
1-E: Dead sperm winh intace acrosome; DA3: Dead sperm with damgged acresome
* No of observalion- 11}

indicates values differ significantly
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4.L5  Sperm abaormalitics

4. 134, Hlead alinormalitics

i mean percentages of head abnormalitics were Tound o be o9 203 Jo
0.3 and 6.1 £ 0.4 alter initiai dilution. 4 hours of equilibration and afier treezing and
thawing respectively Tor P plyeerol. The corresponding values were 1.1 0.3, 28+
0.3 aned 5.3 4 00 Fir 4% gheerol: 1.2 £ 04, 2.6 4+ 0.4 and 28 + 04 for B0 glycerol:
0.8+ 0.3, 20+ 0.5 and 32 + o4 lor6%4 gheerol and 06 £ 02, 29 £203and 62 +
U5 I Me ghycerol concentrations, {Table 4.3 & Fig 4.0)

Frevn the table # was scen thal 6% plheerol level showed he lowest
percentege of head abnormalities whether ®a ghycerol showed the blghest percentage.
Statistical analyses tovested thm there was signiticant diference among the plyceral
percentages for the head abnormalities alier eryvopreservation. $6  glyceral  was
signilicantly dilferent from 3 4 and 726, Thiere was no any diffierence between 5 and

%% glycerol.
4.1.3.2. Mid-pieoe abrormalitivs

The meun percentages of midpivee abnonnalities . he 3 stages e afler
inial dilwtion after 4 liours of equilibration and atler freezing and thawing were
found w be 0.2 & 0.2 1.2+ 0.3 and 3.1 £ 0.3 respectively tor Pa glycerol, For the
subsequent concentrations he valie's were revorded as od £ 02, L3 £ 03 and 29 %
3 for Jaglycerck 05 £ 0.2 0.5+ 02 and 1.6:t (.2 for 5% glycerol: 02 £ N2 0.7 £
0.2 and 1.5 & 02 for 6% plycerol and 06 2 0.2, 29 + 03 and 6.2 ¢ 05 for 7%
glyecrel. (Tuble 43 & Fig 479

Statisticl anatysis of the dola showed tho there was no amy difference n
percenlage ol midpicee  abnormaiilies  afler initial  dilulion and  equilibration,
Signiticant difference was obserwd afier cryopreservation. 5 & 6% glyesral were
significantly dilferent from 3 4 and 7. Highest mid-piece sbnormalities were seen

P and lowest was observed in 6% egheerol.
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1033 Todl nbnoradizics

The mean percentages of tail abnormalities were foud w be 4.7 £ 0.3, 94 +
.5 and 163 + 0.9 alter initiat dilution. after 4 hours of equilibration and after freezing
axl thassing e 3% glycerol: 34 4 0.5 86 4 0.8 wnd 16,1 £ 0.8 FordSs g lyeerol; 4.1
£ 03 65 03 and 97 £ 0.5 lor Fo gheerol: 4.7 £ 0.5 7.0 = 07 and 9.0 £ 0.6 for
6 gheerol and 46 +£ 0.3 9.5 £ 04 and 1.6 £ 0.9 for 7% glycerol. (Table 4.3 & Fig
4.8)

Suistical aialysis of the percentages %il sbnormalilies mdicate that there
were 0 sipnificam dilFerence alier initial dilution, bul $ignilicant diflerstce was
obsersed after equilibration amd after eryupresenyation. ®4 glveerol was signilicantiy
difficrens from rest of tle percemapes. bul there was mo dilference between 3 and 7%
alter cqui libration. Alter crvopreservation 5 ond 6% were significantly dilfereal {iam
1 dand 7%, The hghest percentage of tail dbnoninalilics were observed with 7%

glycerul. whereas the lowest percenlage was observed with 6%,

.00 Total speem abnormalitics

The mean percentages of'total sperm abnormalilies were recorded as 58 £ 05,
3.6 0.8 and 25,3 4 1.0 slier mmital dilution. after 4 bours of equilibralion and after
Freesing and thowing foe 6 glyeerol: 49 + 050 12,7 £ 11 and 4.2 £ L{} for Pa
ghyeerol; S8+ 0.3, 96 + 6 and 141 + 08 for 6 gheerol: 57 + (6. 9.5+ (19 and
13.7 £ LY for 6% plyecrol and 5.6 £ 0.4 13,62 0.8 and 258 = 1.2 for P glyeerod.
{Table 4.3 & I 49

The percentage  of  lotel  morphological  sperm  abnormalities  varies
gignificantly  among  difTerent  glhycerol  percentages  afler eguilibration  and
tryapreservalion. ARer equilibration and cryopreservation, 5 and 4 glyceral were
sipnificanty diflerent from 3, 4 and 7%. The highest percentope of total sperm

ahnormal ities was Tound with P4 and the lowest was observed in % glycerol,
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b

A0

Alter 4 h oquil ibration

Variktions “{Mean + SE) in liead, mid picce, tadl  and  Aptal

atiermality of Mithur spermateszoa during  different stages of

crvapreserstion i non-split ghyeerod adedition methed.

Stage: i pyeearul
clmeeniealio f §%4%)

Alner ilial dilulion

¥ao
H ¢
5%
fin
7%

gy
i

,
L]

™h

After Freczing thawing

3%
4%
5%
(%4

i

+

He ik

*0Y+0.3
11403

12£0.4
08 + 03

it 02

3.0+0.3
28+03
241204
20 4+ 05
12,9103

6104
L
853 +08
. {:-_4”
32404

Sporma tezon ahnorma lities

=

Mid pieee

02 4072
0.4+02
0.5402
*0.2+02
04 +02
12 +03
"1.3+03
05402
N7+ 02
L4 R
1.1+02
2013

I
| G+02

1]
1.5+N2

62:05° | 32+03

. - 4 %
fix the given siage of cryppreservation:
(P<0.05) among the eryopreservation stages for the given glyeerol concentration
* Noy of observation- 10

Tl 'Total
197 £ 03 58 405
14 + 013 14.9+05
4] +0.3 KB 103
47035 157+06
4.6 + 03 156 + 04
tg.4+05" | M13.4:08"

Ald
'8 .6£0R H1?¢1qg
t6s £03° *&hiﬂbﬂ
14
7007 'g.5109
A
65 +04" | "36408"
16,3+0.9" | 25321.0°
161+0.8" | "242 210"
67 £05 | 44.1£0.8"
11 [3
q.0+06 pi i
Lt
298+12

16,609

mdicales vadues dilTer signilicanthy (P<D.05) mnong the plycerel concentration

indicates values diftor significantly
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Experim eni-I)

4.2, Addidition ofglycerel & split dose

Vartions m sperm quality parameters (5- o glvcero| added 11 gplit dose) e,
progressive minlility. acrosomal integrily and sperm abnormalities arc presented o
tablc 44. 4.5 & 4.6 and lig 4.10 {progressive moblity), 4.1 (live intacl acrosome).
4,12 {live damage acroseme), 413 (dead intacl acrosome), 414 (dend dumage
acrostine L 4 15 thead abnormality acrosome). 4. 16 midkpicee abnormal ity k 4.17 (lail

abnermanty) and 4 18 total spermatozaz abnormal ity) respectively.
4.2.1.  Progrossive modilin

Tle mean percentages ol progressive motidity were [ound @ be B8 & 2.3
04,1 4 1.5 aned 502 £ L9 wier initial dilulion, atler 4 hours o eguilibration and after
fivzeang respectively lor 5% ghueerol. The corresponding values were 74,1 £ 2.9, 58.0
£ 25 and 421 o+ 1.5 For P gheerot and 4.5+ 2.7, 537 4 20 ad 3.9 1.4 fix 7%
glyceml, {lahie 44 & Fig 4,1(1)

Stavisticn] anabyses of e values wwlicate  sionifican  difTerence  among
dillerent  glycerel  poreentages  aller  expilbration and  cryopreservation.  Alter
gpilibrution 5% glyeerol was signiteantly diflerent Fom & and 7%, but hifer
eryopreservition an the plycerol pereentiges viry sipnificantly among themselves.
Highest pereentage of progressively motile spermatozed was found o8 #%e giyeerol.

whereay Jowest peroentage wis obsered o 7% glyeerol.

4.2.2.  Acrusomal integril v

4.2.2.1. Live innet

The mwan percentages ol live intacl acresome spermatozed were fond © be
R4.3 4+ 3.1, O7.5 £ 1.2 and 53.3 ¢ 18 aller initial dittion, after 4 howrs of egdiliBration
and aller freesing respectively for &6 glyceral. 783 + 114, 61.9 £ 22 and 458 & L6
for @4 glycerol and 780 & 29, 57.7 4 22 ond 37.0 2 1.2 [07%% glycerol, {Tahie 4.5
&lipd.11)

Uhe data For live ntacl gerosome Spermatoron wae statistically malyzed amd
found Ihat there was sipnilicant dilfizrence among difTerent glycerol percentages afler
equil ihration ard cry opreservation, % glycerol was signi licantly different from 6 and

P, wherens all the plycerol percentages vary sig nificantly among themselves after




Progressivie motility

Table 4.4, Varigtions *{Mcan £ SE)} nt progressive motility during different

stupes of aryopreservation in split ghyeerol add Gion method,

Glvcennl Progressive motility (%)
coneen tral ion
(") : , _
After initim Afler 4 h Aler Trecsng wnd

dilution eqquilibration ihawing
TOR % 2% 4 2 1.9%

6 T 420 %0225 42.1115"

7 12454 27 20 | 330

AV ndicatess welues with dierent superseripl within column ditker sipnificantly

{IP<0.05}
"1 indicawes values dilTer significantly (P<0.05) among he cryopreservation slges
for the @iven glycetol concentralion

* Mo of obsersation- 10
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Fig. 4.10. Variations (Mean + SE) m progressive motility during different

stages of cryopreservation in split glycerol addition method. a b
ont errol bar indicates a significant diff erence (P<0,0 )
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cryopresersalion. The highest percunlage of Jive spermatozoa with intaet acrosome

was ohserved al 5% glycerol and lowest percenlage was seen @l 7%

4.2.2.2. Live damage

Fhe mean percentapges teawded fur live spermatozea with damaged acrosome
alter initial dilution. after 4 hours of equiltbraion and afler Treezing were 0.9 £ 0.3,
36 ¢ CSamd 3.8 £ 05 respectively tor 5% gliveerol. Thecomesponding valueswere
22 ¢ 06, 59 2 03 and 55 £ 03 for6%aplyeerol and 2.5 + 0,554 4+ 03 and 6.1 £
0.4 lor 7% glycerol. (Tabled.5 & Fig 4.12)

Statistical  analysis  revealed  that there was significant diTerence amony
different glycero! percentoges aller equilibration ad cryopreservation, $4 glveerol
was siginlicantly difTerent w tun of 6 and 7% o both stages Le, alter equilibration
ad eryopreservation. Highest iive domage acrosome percemage was obsenved with

% @ yeerol and Jowest was seen with #a

4.2.2.3. Dead intact

e mean percentages for deadt ntoct acrosenke: spenmatuzon were found o be
4.74 0.6, 9.3+ 0.5 md (3.3 2 0.6 afler initid dilution, aficr 4 hours of equilibration
und after freeang respectively for 5% gheerol, 55 + 05, 120+ 0.8 and 162 £ 07
lor 6% pheerol ad 5.7 2 0.6 107+ 09 and 19,3 + 0.6 K 7% glycerol level, (Table
43& 4. 13

Statistical anafvsis of the dead imact percentaygtes o oifferenl perceninges
showed signi ficant varation afier equilibration and onvepreservalion. $4 ghycerol was
signilicantty diflerent from 6 ad 7%. but there was no any dilTerence between 6 and
% aller cquilibration.  Aller cpyopresenation & was obsenved tha thare Were
significant dilferences among all the phwerol percentages. Lowest percemages of
ded intact acrosome were sea 111 5% piveerol while highest percentage was fond n
T
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l'able 4.5, Yariglions *(Mean + SE) o liveahility and acrosomal integrity of

Mith in s permd tizoa dueing Qif Ferent stages of ey opreseryation in

split glveeral adddition method.

Stasus ofspermalnzoa
Stage aml ghcerol | 3
conceitea tion %)
1A 1.-D -l (}12)]
Al initial
ileti on
5% “Rd 343 M 43403 ‘47406 13617
6% 8.3 £ 34 22 4 0.6 £55 4 05 Hed 4 L6
74 R0 £ 20 12,5205 F57+0.6 63,4
Afer 4 k
credilibr aleny
o '675 .+ 1.24 3.61 D5° 93 4085t 0.5+ o8t
6% "ol £ 22% | sox02* | ‘n2p:08" | "209 20"
7% 1527 4 220 544 03% | '1H7eno? f25.6 & |.3M
Aller reering
thasy ing
T 535+ 1B | 2.8+ 05" 13,34 0.6 300+1,94
6% 458 + 16" 5,503t 162 + 074 33741340
Mo 3.6 4 1.F £yt+0df 16,3 % 06" R g B

Al

indicares values with difficrent superseript within column under @ particular

freesmg sioge differ signifieamly (P<0.05:" % indicates values dilfer signilicanily

{P<0).(15) among the cryopreservalion stages for the given gheerel concentration
-1 Line sperm sith intaet acroseme; L-1): Live sperm with damaged acrosome;
1 Dewd sperm wilh intael acrosome: D-D: Dead sperm wilth dirmaged acrosome

* Mool ehseryation-10
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4.2.2.4 Dead damape

The mean percentages of dead spermatozoa with danwmpe acrozome alier injiial
dil ution, alter 4 hours of egut! ibration and afler Meezne and thawing were recorded 45
13.6 £ 1.7; 205 + 09 and 30.0 £ 1.9 respectively for % glycerol. The corresponding
vahues wereléd £ L6, 2.9 4 20 and 32.7 £ 13 Jor % phycerol and 163 £ 1.4 256
= 1.3 and 37.2 + L1 for P ghueerol (Table 4.5 & g 4.14)

Statistical unulysis of the dead damage data showed thar tbhere was signilicant
difference among the plycerol percentages aller equilibration md eryopreservation. §
and 6% was signilicantly difTeremt from ™o glycerol in both the stapes i afier
equilibration aml cryopreservation. Highest dead damage perceniage was found with

P4 glycero]l aml lowest wis seen with S%.

4Y  Sperm abnormalitic s

4.3.1.  Head ahnormalites

The mean percentages of head abnormabues evaluated were Tomd % be 0.7 +
03, 2.6 £ 02 md 4.4 & 03 respectively after initial dilulion, alter 4 hows of
equil ibration and alier leezing Tor $% glycerol. The subsequent resull for 63 and ™%
ghyeerol levels were found © he 11 £ 03, 29 £ 02 & 42 £+ 05 and 1L} £0.3 34 &
0.4 & 6.2 £ 0.6 respectisely. (Table 4.6 & Fig 4.15) :

From e statistical analysis i was Townd that there was o any difference after
initial diluion ad ewilitration, bt atter cryopreservation the values fiv head
abnormalily  vanies among the  glveerol percentages. 5 and 6% glyverol was
signilicanty difterent © that of P4, Highest percemage of lwad abnormalily was

observed a M4 glycerol, whereas the lowest was seen al 6524
4.42  Nid-picee abhrormalitics

Ihe mean percentages recorded fiv nud-pitsce sbnormalities were 07 + G2,
12 £ 0.2 and 2.9 £ 0.3 after inilial dilution. afier 4 hours of equlibration and afler
frezing respectively Tor 5% plycerol, 6 £ 62, L& £ 03 and L6 = 02 fir %
glycerol and 04 £02, 1.6 ¢ 02 amd 27 £ 0.3 for Po plycerol level. (Table 4.6 & g
4,16y
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Stalistical analysis of the nid-piece abnormalitics values showed significant
ditferenee afler cryopreservation. T and o gheerol were signiticantly differem o
thar of 6%, Highest value of mid-prizce: abrnormality vas (found @ $4 and the lovest

was seen ol Ba ghyeero] aller cryopreservanion.

4.3.3.  Taoit abeormalitics

The mean percentuges of wil sbnormalities aller initial Blution, afler 4 hours
ef equilibr-atipn and afler frevyng were recorded as 4.0 4 0.3 7.7 £ 0.7 ad 123 0.7
respectvely for S plyeerol The corresponding values were 4.5 + 0.3, 8.4 05 and
12.2 £ 0.8 lor 6% glyeerol and 50 £ 0.3 9,62 0.3 and 118 £ 0.0 Ix Po glycerol
added in split dose. (Table 4.6 & Fig 4.7}

Tie data o (@l abnonnalites when analvad  statistically showed e
significant diflerence among tlic glycerel percentages o all the 3 siapes i.c. after
mitial dilwion, alter eguilibration and aller cnopreservation.  Tail shnormalities
increased aller 4 hours uf equilibration and showed the highest percentage alter

cryopreservation A 5% o yeerol level mnd lowest wis observed & B4 level,

4.734. Total sperm aimormadlitie s

The mean pereentages of total spermatozoa abnormalitics were Tound i be 55
05, 115+ 08 and 19.5 2 1.0 alter initial dilution: after 4 hours of equilibration and
aller [reswng and thawing respectively for 0 plycerol level. The corresponding
values were 62 & (0 129 £ 08 ad 17.9 £ 1.1 For 6% pheerol axd 6.4 £ 0.5 4.5
05 and 20.6 + 0.5 Hir 77 plyeersl added in split dose. (Table 4.6 & Fig4.18)

Statistical analysis of the total sperm abnormalitics data revealed o d (ference
afler initial dilofion and cryopreservation, bul significant dilTerence was observed
al'ter equilibration only. %4 gheerol was significantly diforent from that of & and 7%
alter cquilibration. After cryopresersation highest total sperm abnormahties were

shown by P, whereas lowest was obzervod & (8 glycerol level.
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Varitions *(Mean = SE) 0 head, mid piece, il and oal
abnormality of Mithun spermatoroa during different stages of cr yupresersation

in splie gly cerol addition methed o differeor stages of avapresenvation.

Spermatazos abnormalities

Mid piece | Tail T-otsl
7102 “41£0.3 ‘55505
0.68),2 *45:03 %.210.4
X).440 2 % 0ad).3 16 4405
.24 03 27407 11.5z08*
103 %4t 0.5 ‘12920 kAO
| 165202 *Qaet0s ‘laszos?
2.4, 3 123 07 9.5+ 1.0
Lax 02 | 122+08 17.941.1
a7e03” | 1B20.6 206405
| — — F — —

n. \ ; i . g 00w 1
indicates values with dilferent superseript ssithin column under & particular
melicates vatues dilfer significantly

(P<0.05) among the ayvopreservation stages fur he gvaen glvecral concentration,
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44 Comparson of post frecac-thaw sperm gua lities hetween ptycerol addition
meihods

The post frees-taw sperm gualities between non-split and split method of
glycerol addition arc presented i the table 4.7 & fig. 4.19. The comparison of pod
freeze-thaw qualities of Mithun sperm between b ghuerel addition methods lad
revealed greater (P<D.05) progressive motility, LSIA aul DSIA praportions and head,
mid-prece. tail and 0@l abnormalities #t 5% glwerol when added n split doses
compared m a single dose. I contrast. LSDA propoflion was not affected by the
methods, but lesser (P<0.05) DSDA propartion was obsaved in ghycerol ‘when
added in splt doses. The proportions of DSIA al head and mid-piece abnonnalities
did et vary between the metheds in 6 ind P4 pheerol, In contrast, preater (P<0.05)
meolitity and LSIA proportion and lesser (P<0.05) LSBA and DSDA praportions were
recorded it 6 and P4 glycerol wheit added n spht dosescompared toa single dose. In
addion.  greater  (P<0.05) and lesser (P<0.0%) proporions of &l and  1otal
morphologwal sbnormalities were recorded respectitely in 6 and 7% glycerol when

added 1 sphit doses.
4.5 Stedy o Apopesis

Ihe mean percentages of apoplotic sperm it nen-split and split method of

glycerof addition ate presented in table 4.8 & 4.9 and g 4,20 & 4.21 respectively.
4.5.1. Non-split

Ihe man percentages of apoptokic sperm alter initial dilution were found
be 12,10 £ 129, 12.20 + 1,52, 11.80 + 1,29 1270 + 142 and 11.90 + 1,29 for 3.45.6
i T glycerol respectively. Aler equil ibration the corresponding percentages were
600 = 210, 3180 + 209, 400 = 186 and 3RO £ 1.68: whether after
cnopreservation the valws were Fouxd © be SLRO £ 189, 4840 + 158, 3340 +
168, 44,40 + 1.72 and 48,00 + 2.(3.

Statistical enalysis of the apoploliv percemtage data  showed  slunificant

ditTerence among the 3 stages of crvopreseration 11 all the glveerol ETCEMaREeS,
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Significant difference was also obsaved i between the glycerol percenisges atier

¢-quilibration and cryopreservation. $4 was signi ficantly di fferent from that of 3, 4, 6
& . wheeas there was no amy diference n between 4 and 7% in both after
equilibration and cryopreservation. The highest percentage of apoptotc sperm cell
was obsened it ¥ and the lowesl was seen in 5% plycerol concentraiion after

(ry' opresery ation.

452, Sphit

The nwan percentapes of apoptotic sperm after initial dilution were fnd ©
ke 130 £ 1.53. 13.40 + .66 and 13.10 + 1.42 for & 6 and 7% respectively. The
corresponding vahkes were 200e + 1310 2360 + 1.74 ad 390 £ 196 alter
equilibration and 3490 + 170, 43.60 + .77 and 47.70 + 1.99 after cryvpreservation.

Stafistical analvses of the percenlages of apoptotic sperm b spiit method of
addition of glycero! revealed significant difference between he 3 siages of
cryopreservation  ie  alter  inital  dilution.  after equilibration and  after
cryopreservation in ak the glycerod percentages ie 5 6 & 7% ¥ was found that there
was my afly diffizrence after initial dilution bt stalistically significant difference was
obsersed after equilibration and after cryopreservation in between all e plycerol
percentages. The highest apoplotic sperm cell percemage was seen in 7% whether the

lowest was obsened im ®4 glycerol afier cryopreservation.

45.3. Comparison of apoptesis n nog-split and split method of addition

Comparative studies had been done between split and non-sph addition
methods regarding apoplolic sperm perventage which are presented in lable 4.10 &
411 and fig 4.2 & 423 respectively.

Statistical analsis of the mean percentages of apuoptotic sperm indicaled nog-
signilicant diff erence between non-sphit and split method of addition of ghycerol B
it was observed that percentage of apoptotic cell was slightly higher in non-split than

split method of addition after equilibratson and cryepreservation.




Table.4.7. Comparisen of seminal paramcters between Non-split and split
method of ghcerol addition after freezing and thawing,
5% o o
Seminal
[rarameiers
Non-split Split Non-split Split Non-split Split
Progressive. | 44 6417 | 5022 19 | 317210 | 420215 | 124213 [339 214
rmotility
Live intact 434 %18 | 83318 | 351410 | 458 £1.6 | 21.24 td |37.6+1.2
Live damage | 48 £ 1.2 | 3805 | 7.0£0.5 | 5503 | 1.0£0.6 | 6] =04
Dead intact 03212 93+05 | 165 +1.0 | 16.2£0.7 | 17.9£0.9 |19320.6
Dead damage | 408 £2.7 | 30.0£1.9 | 4.6 £09 | 327 213 | 500 £24 [37.2=].]
Total
morphological | 14.1:0.8| 195+ 10| 13.7 1.0 | 17.9x 1.1 | 258 £ 1.2 |206=0.5
abnormalities
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Fig. 4.19. Comparison of semipal purameters between Non-split and split
method of glycerol addition aler freezing and thavwing.
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Statistical analysis of the mean apoplotic sperm percentage datn for the

glycerol percentages (5. 6 & 7 showed non-significant diffzrence between non-sgiit

and split method of addition. The apoptotic sperm percentage was found 1 be slightly

higher n non-gplit than the split method of addition m 6 and P4 glycerol
concentration after equilibration and cryopreservation. whereas a F% glycerol & 5
slightly lesser  non-split than split. The lowest apoptotic sperm percemage was
observed & ¥4 glycerol and the highest wes seean in ™ afler ¢ryopreservation in bath

lhe addition 1nethods.
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Table.4.8, Mean {(x8SE} percentage of apopiotic sperm in Non-sphit  glycerol

addition method at different stages of cryoprescrvation.

Stages of P % £0 (% %
Cryt prese ey atnn
After [nitial
2.0 1.20% | 1225 0524 | 11LB+1.39%A | 127 £ 142°4 | 11.9= 129°A
Dilutiun
Alter

362210°D | 31.B£2.195C | 19,3+ i63%A | 20+ 186"B | 11.8x 168°C
Equilibration

Alfter 8
SR+ 19900 | 48.d- + LSBT | 10 42168°A | 4442 |LI2B 48 +£203°C

Cryopreservation

Figures with same superscript (. b, ¢) do not diffir significantly in columns
Figures with same superscript (A, B, C, T do not differ signiticantly n rows

Table, 49. Mean {£8) apoptotic sperm pereentage i splic glyeerol addition

method at different stages of eryopreservation,

Glyeerot Concentration
Stages of
eryopresery ation
8% 6% Tho
o R 13104 »53%4 13,40+ 1.60°4 13,104 1.42°4
Diluginn
After Equilibration | 2010+ 1.31°% 23,60+ 1,748 30.90 + 196"
e 34,90+ 170" 43.60+ 1778 47,70+ 1.99°C
Cryopreservalion

Figures with similar stupetseript (a, b ¢ do not diffier significantly in columns
Figures with similar superscript (A. B, C) do not differ signiticantly in rows
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Fig.4.24. Apoptotic sperm percentage i Non-split glycerol addition method
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Table. 4.10.
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Comparison of apoptotic sperm percentage ®& different siages of

eryopreservation in Non-split and split method of addition of

elycerol.

Stages of eryopresenation

Glyeerol addition method

Non-5 plit Split
After Initial Dilution 12,14 1.37" 13.20+ 1.50"
Afer Equilibration 28.58 = 2.66° 24.90 + 2,33°
Aller cryopreservation 45.20 + 2.68° 42.07 +2.51°

Figures with same superseript {a, b ¢} do not differ significantly in columns

Table a1l Comparison between the mean apoptolic sperm percentage in the
split ond non split method of suld ition of gh'cerol in diff erent stapey
of ervopreservation,

Afwer Initim At :
i : Alter Fguilibration Adter
Glyeeral Dilutlon ay oprescryation
cuneentration

= iy Mon- : MNon- Non-

s spli ) upli 3 5

Split plit Split oplie Syl St
B4 P82 139 | 130218 | 1932 163 | 2012 131 | 334 £ 168 | 49z LD
&% 12.7£142 | 134160 | 24186 23600174 | 444 %171 | 43621737
Fel 2129 ] 131 2942 | J18 = 168 | 300+ 196 48203 477+ 199
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Fig.4.22. Comparison of apoptotic sperm percentage st differenl stages of
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cryopreservation, a8 b, con errofl bar indicates P<0.{15,



Normal sperm cell (FITC)

Apoptolic sperm cell (Propldium lodide)

Phato.D. Photographs shewing normal and apoptotic sperm cell stalned with FITC and
propidium fodide.
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DISCUSSION

5.1.  Addition of glvcerol in single dosc

[n the experiment-l, Progressive motility and ihe proportion oflive sperm with
intact acrosome (LS1A) were decreased (P<0.03) bu. the proportion of dead Sperm
with damaped acrosome (DSDA) amd mid-piece, tail and total morpholegical
abnormalities were increased (P<0.03) afier freeze-thawing compared w© final dilution
or 4-h equilibratien in asll glycerol concentrations. The proportion of live sperm with
damaged acrosome (LS[JA}). dead sperm with intact acrosome (DDSIA) and head
abnormmalities were increased (P<0.05) after freeze-thawing compared # final dilution
or d-hoequilibration noall of glycercl concentrations except 5%. In 5% glycerol.
1 SDXA proportion was not diflferent among (he cryopreservation stages and DSIA and
head abnormalities portions were lesser (P<0.05) afier dilution compared ©

equilibration or Freezing.

After dilwion the sperm quality paramelers were not different among the
piveerol concenteations. Similarly. after equilibration. no diff erences 'werne obsenved n
sperm quality parameters among e glycerol concentrations except for lail (ksser n
Fo glycerol: P<005) and total abnormmalities (lesser in 5 and &% glycerol; P<0.05),
After [lreczedhawing. gredler (P<0.05) motility and 1.SIA proportien bul, [lesser
(P<0,05) 1.SDA and [ISIA proportions were observed in 9% compared 10 3, 4, 6 or
T glycerni. Further, lesser (P<0.05) proportions of DSDA and ull the morphological
abnormalities were observed after Freeze-thawing n 3and 6 compared o 3, 4 o P%

glycerol.

During cryopreservation. sperms gre exposed W Severe Stress due o cold
shock. which affects the livability and structural and functional itegrity of preserved
sperms. The depree of cryo-injuries sirongly depends on the Species-specificity of
sperm physiology (Thurston e o, 2002) that can differ among the related species
{Fickel & al, 2007} Therefore, species specific oplimized cryopreservation prolocols
arc required for obtaining best resuls. In this stwdy, we tried o optimize the

conceniralion and addiion method of glycerol into diluents for eryopreserving mithun
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sperm using tns-egg yolk dituents. The results indicated tha the post frecze-thaw

qualities of mithun sperm were significantly affecied by e concentration and
addiion method of glycerol

Bult sperms are routinely cryopreserved in he diluent containing 4 © &4
glvcerol and acceptable results have ako been otmaimed n wild ruminams using this
range (Hopkins ¢f o 1988: Garland 1989: Fennessyer af 1990). In the present study.
in single dose of additon of gheerol the percemapes of progressive motility and live
intact acrosome were found 0 be 4006217 and 434418 n P glycetol
concentration. These percentages were significantly greater than that obtained by
eryopreserving in 3 4 6 and 7% glycerol. Additionally, the other sperm gualitative
parameters were found beiter when % glywcerol was used The qualitative parameters
were cotnparable with previous studies in mithun (Dhali & af, 2008, Karunakaran o
al. 2006). Dhali er of. 2008 tound 45% progressive moiility and 55% live intact
agrosome and 3% abnormal spermatozoa by using ns-egg yolk diluent comtaining
536% glycerol. in this study the percentages of progressive motility and live intact
spermatosfea A crvopreserved senen samples were found 1o be comparatively lower
than cattle bull. revious reports i cattle indicate tha semen retains approximatety
0P molility and 80774 e nlact acrosomne when cryopreserved in (ris-epg
yolk glycerol diluents {Vyas o af 1992 Thun o af 2001 Janusksuskas ef al,
2003). But similar results were found in case of spermatozoa abnormmalities in caule
1e, 70-80% remain morphologically normal (Somfai d al. 2002, Nagy e al, 2004).
The total head abnormalities were found o be lesser in B4 glycerol added 1 single
dose than the other plycerol percentages.

Giyeerol % widely wsed permeating cryeprotectant (Watson, 1996; Holt, 2600)
fix sperm cryopreservation. Nesertheless. the cpumal glwerol concentration n
diluents varies among species (Heli. 2000; Apea and crister. 2002) and depends on
the rate during the cryvopreservation process (Fisher and Faicfull, 198%; Watson.
1990}, The cryopresenvation method used in the present study was siinple and easy ©
peiform and the method ¢xcluded the use of a contolled cooling device. In this
method. after dilution sperms were equibbrated a 4°C for 4h, hen kept in [figud
nitogen (I N;) sapowr for 10} minutes and fimally plunged imo LNz for siorage.

Various authors had found betier results with different glycerol concentration, Hong
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2003) compared 2 4 6 & b glycerol fir eryopreserving blue foxes spermatozoa

and found 4% glycerel © be optimum fix cryopreserving. Santos (2006) used two
giycerol concentrations i.e @0 and ¥ tir cryopreserving red deer epididymal sperm
and found that 6% plycerel with rapid cocling rate, significantly improved
spermatozoa [reezability. Rasul (2007) found thal the addiion of plycerol (6%) a
37%C yielded better post thaw sperm motility. plasma membrane integrity and
velocities than addiion & 4°C. In tus study the results indicated what using Fa
glycerol was most soitable for cryopreserving mithun semen. The poor posl Lhaw
sperm qualities with 3 and 4% glycerol might be due oy the fact that the coolng rate
of the used cryopresenation method was nou probably sufficient for freszing mithun
sperm. as lower glycerol concentrations generally requires faster cooling rate (Watson.
1990). In contrast, the post Ieese thaw spernl gualities with 6 and 7% glycercl might
he attribute>d to the toxic eftects ol such higher glycercl concentrations (Holt, 2000;
McLaughlin e «f. 1992),

ST Addition of glyeefol in split dose

In die experiment-1l. & & & 7 %% plyeerol was selected basad on the results of
the experiment-l B siudy the effizer of addition of glycerol n split doses. 3% and 4%
glycerol concentrations were not included because of the poor results shown in the
experiment-I. An aliempt had been made o improve the quality of preserved gpecrn
tv adding these glycerol concentrations n divided doses so that the toxic eflfecs of
ghvcerol does not affed the sperm quality. in all glycerel concentrations, motility and
LSiA proportion were reduced (P<(.03). but the proportion of DSIA. DSDA and
head, 1ail and otal abnormalities were increased (P<(105) al'er freeze-thawing
compared © dilution ar equilibration. The proportion of LSDA was tound lesser
(P<(.05) aler dilution compaed © equilibration o freeze-liawing in all glvcerol
concentrations. The proportion of mid-piece abnormalilies was lesser (P<0.05) after
diluipn compared to eguibbration o freezethawing n 6 amd 7% glycerol b $46
glycerel, although similar mid-piece abrormality was foud afier dilution ard

£qui hbration, % was greater (P<0.03) afier freezedhawing.

All the sperm quality parameters after dilution and the proportion of head,

mid-piece and tal abnormalities after equilibralion were fourd similar among the
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glycerol concentrations. Afier equilibration and freezethawing, greater (P<0.05)

motility and LSIA proportion and ksser (P<0.05) [.SDA and DSIA proportions were
observad n 5 compared w0 6 and 7% glycerol. Lessey (P<0.03) proportion of DSDA
alier equlibration amxl freeze-thawing and ksser (P<{.03) total abnormalities alier
equilibration were found n 5 and 6 compared 1o 7% glycerol. The proportions of tail
and total abnormalities afier freeze-thawing were not diffizrent among the glycerol
concentrations. [n contrast. alier freeze-thawing. lesser (P<0.0%) head abnormalities o
5 and & compared 0 P glycerol and jesser (P<0.05) mid-piece abnonmalities n 6

compared © 5 and 7% glycerol were observed.

The split dose d addition of glycero]l was done & 4°¢ © compare the effects of
temper-ature on addition of glycerol. Lower phycerol toxicity 1o ram spermatozoa had
been found when t was added a 0°C (Colas. 1973). bu glycerol addition & 22°C had
improved the pod thaw motility of stallion spam (Vidamen. 2000). Better pod
freeze-thaw quality of goal spam had been recorded when 7% glycerol was added a
37°C contpared o 3°C. In contrast similar post thaw qualities of ram $perm had been
observed when glycerol was added a room temperawire or 3°c (Morrter & of | 2002y,
Simularly, no differences had been observed for bovine sperm glycervlated a 5, 10, 20
a 33°C (Salisbury & af. 1978} and the quality of ervopresered dog sperm was nol
influenced by glycerol addiion a either 37 or 4°C (Pena & !, 1998). In the presen
study 2 significant increase in pod thaw motility (30.2 + 1.9) and proportion of live
ntact acrosome (333 + 1.8} was ul'_:scrved and most of the ather qualitative
paranteters were found beter when 75% of mial required glycerol (5, 6 a 7%) was
added in split doses a 4°C compared © the single dose addition of entire amoum a
37°C. There ‘was no any previous information regarding the use of ghcerol in split
dose I mithun semen cryopreseri-ation hence the results were not comparable 1 any

other worker.

[n both the experiments (single and split dese addition). Fa glycerol was
found ®© be better than the rest of the concentrations ™ respect of all the qualitative
parameters ie. higher percenlages of progressive moflity, live intact acrosome and
lower percentages of live damaged. dead intact and dead damage acrosomes. Bul in
case of 1o1dl abnormalkities 1 was fond tha ¥4 glycerol showed slightly higher

percentapes than &% which might be due © more 1ail and nud-piece abnormalities.
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This might be due © mdividual varation and proionged exposure 1 environrmenlal

lemperature during colleetion or precessing.

53 Double staining

The current siudy revealed thal the Trypan blue and Giemsa staining technigue
can be used efliciently fir simultaneous evaluation ol viability, morphological
abnormality amd acrosomal integrity ol mithun sperm. Different workers had used this
double staimng wchnigue ie. Trypan blue © diff srentiate live from dead and Giemsa
o stain the acrosome. Sidhu ef af (1992) used this double staining procedure lor
detecung rue acmsur;w of bulfalo spermatozoa. Jankovicova o & (2008) apphed
this double staining o study the acrosomal integrity in canle spermatwoz.oa, Didion ef
cf, {1989) described double staining procedure o detect viabilny aod the true

acrosome reaclion in spermatozoa of varions species.
Hod Apoptosis of sperm

Apoptosis. a physiclogical programmned cell death 5 a eomplex phenoinenon
that can be divided into 3 phases: inducton. execution and degradation. Mitochondria
ae known & play a ceniral role during the execution phase. After indueton of
apoptosis. mitochondrial pores are opencd. characterized by decreased mitochondrial
imembrane potential. opening of the mitochondrial pores leads 1o the release of pro-
apoptotic l'adors from mitechondria (Martin e ¢, 2004). b the cyioplasmic
eompartinent, the proapoptotic factors, fix example, different proleases related b the
caspases Tamily (cysiemc prolcases wirh aspartale specificity) are Subseguently
aetivated. leading to the degradation phase. During lhis phase. ehanges a both the ceil
surface and the nucleus occur. Phosphatidylserine (PS). ordinarily sequestered n the
plasina membrang nner lgafler, appears m the outer lcailer, where « triggers nan

inflaminatory phagocytic recognition of the apoptotic cell {Bratton & af, 1947).

The most significant changes relaled © apoptosis are e externatization of.
the phosphatidylserme  (PS). DNA  [ragmentation. caspase activation, lbss o
mitochondrial membrane potential. and mcrcase in sperm membrane permeability

{Bratton e af, 1997, Glander & Schaller, 1999 Martin & o, 2004; Khan & &
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2009). Several pathways are reported for mammalian cell apoptosis. These include the

intrinsic. extrinsic, and apoptosis-inducing factors. During the early phases of
disturbed membrane funciion, asymmelry of the Membrane phospholipids occurs,
belore the integrity of the plasma membrane is progressively damaged (Martin o o,
1995). ‘When the cell membrane is disturberd, the phospholipid PS i translocated firem
the inner o the outer Ieaflel of the plasma membrane {Desagher & Martinou, 2000),
Sperm cryopreservation is a widely used procedure in the context of assisted
reproduclive technigues. Apoplosis oceurs in the freshly ¢jaculated sperm eells, bux
eryopreservation acts bs an apeptotic mechanism inducer, The rate of apoptosis varks
in individual bulls which could be regarded as a marker of feridity for selection of
wod yuality breeding bulls. Cryopreservation and thawing i a precedure that inflicts
wreversible injury o spermatozon.  Cryopreservation reduces the no. of live
spermatozod in the semen, There could be several reasons for the Induction of
apoplosis in frozen semen, During eryopresenvaion, the sperm plasma membrane i
destabilized due 0 low temperawres and bigh sult concentrutions, leading 1 marked
changes i the lipid components of sperm plasma. membrangs i ram, boar, and bull.
In addition, chemical toxicity due w glyceroi and Immune responses due B egg yolk
tn semen extender cause alterations n the plasma membrane of spermatozos, Under
normal physiological conditions, cell membrane asymmetry s maintained by the
phospholipid trapslocators (known as flippa:ses). Freezing and (hawing might lead ©
demuge ol the flippase presemt i dte plasma membrane, causing wransiocaiion of PS
from the inner 1o the outer leafler, an early sign of apoplosis. Like somatic cells,
spermalozoa live i m aerobic environment and fiae reactive oxypen species tha
cause laty acid peroxidation of membrane pltosphelipids and thus, afficet sperm
function. Lipid peroxidation of plasma membrane increases after freczing and
thawing of bull and human sperm, which may cause apoptosis In these cells. {Anzar.

2002).

During conventional freczing. water precipitates & ice mid often leads o
tissue damage, sts o cytoskelelon of genome related structures. Tee erystalliz.atton
induces an unregulated and mechanical damage » the spermatoz.oa leading o death
which may be related ®© apoptosis like phenomena, It is widely known that the
crycpreservation usually causes sub iethal crye damage w0 spermatozoa, decreasing

post-thaw cell wviability. The freczing4hawing of buman ((Hlander & Schaller. 1969,
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bull (Martin e «f, 2004). boar (Pena ef af, 2003, stallion {Ortega Ferrusola o o,

2007), and dog (Kim er af, 2010) spemalozoa induces membrane PS transtocation,
what demonstrates tha cryopreservation leads v apoptosis. Theref e, detecting early
phases of membrane dysfunction. or initial phases of apopiosis of viable spermatozoa,
would be important when evaluating sressed spermalozoa, such as those aubjected b
freezing and thawing, and would be usefil for controlling freering procedures
semen. Several workers had recognized apopiosis as a cause of spem death during
cryopreservation like Chavewro o af (2007). Feitosa & &l (2008) and Martin « of
{2064} p bovine sperm: Bolanos & of. {2011} and Ortega & af (2007} in eguine
sperm and Khan e @l (2009} in buffalo sperm.

in the presemi swdy apoptotic cclls were found in 2 the 3 stages of
cryopreservalion je. afer initial ditution, afler equilibration and after fieezing and
thawing. The apoplotic spemn percentages were increased significantly afier
equibbration and freeze-thavdng. Similar resulls were obtained by Martin & o,
(2004) where the apoptotic gyerm percentage were 1.3 + 106% and 449 + 17%
before and afler cryopreservation respectively. Onega o ol (2007} found apoptotic
sperm with higher membrane permeability in fresh semen (7.2 % 330), cooled semen
(10 + 9.66) and {razen (18.7 + 9.15} after s1ained with yo-pro and ethidium bromide,
Rhan e <. (2009) found increased apopioiic Sperm percentape afler freezng and
thawing in buffale sperm (254 = 06 % vs 365 + 1.9%). In the present study e
apoplotic sperm percentage were higher after eguilibration and freeze-thawing in beth
plit and nog-spiit metiod of glycerol addition. But the apoptotic sperm percentage
was shghtly higher (non-significant) in non-split than split method of glycerol
addition. There were no any difference in the apoptotic sperm percentage after initial
dilution b difference was found afier equilibration and freeze-thawing in both the
addition methods. In the present study & was noticeable that e apoptotic sperm
percentage were increased in all the glycerol concentrations except %4 where the
apoplolic sperm percemage were comparatively ksser than res ofthe concentrations
in both split and non-split method This establishes the role of agjact concentration of
glycero]l in controlling apoprosis by sperm damage due 10 crvopresersation. Proper
dose of glycero]l can reduce the percemtage of apoptotic spum by fimit ing the tissue
damage due © cryopreservation. The glycerol addition method has no direct effizt on

apoptosis of mithun sperm.
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The sensitive unne] assay that was used W siudy the apoplosis i mithun

sperm was basal on the principle of detection of single and double stranded DNA
breaks oceurring a early siages of apoptosis. After an enzymatic reaction, the
fluorescein label incorporated a the damage siles of DNA &k visualized by
fluorescence microscopy using FITC/PI stain. In the present finding the apoptotic
sperm appear red with propidium iodide (Pl). while the nomal nofM-apoptotic sperm
appear green with FITC stain In the present experimemt # was observed that the
percentages of cells thal siained with PL after cryopreservagon was more than belore
cryopreservation. Similar result was tfound by Martin ef of. (2004) with the Pl assay
and got X0.8 + M2%s eells stained with Pl after eryopreservation than against 28 +
I2,7% betore cryopreservation. The permeability of the Pl was higher i the dead

cells because of the opened mitochendrial pores due & apoplosis.

The present experiment was conducted with the hypothesis that
cryopreservation was  associaied with the activation of apoptotic  process in
spermatozoa and wilh the wnnel assay procedure ® was established that there was
presence of apoptotic sperm 1 mithun semen N both fresh as well as aryopreserved
staie. The viability of the sperm cells reduced remarkably after freezing and thawing.
But this tunnel assay method was nat sufficient & establish apopiosis in mithun perm
as there need © be dewiled studies on mitochondrial membrane potential, caspase

activation and increase membrane permeability © explain this complex process of

apopiosis,







SUMMARY

The present imvestigation was carried ow for a perdod of 2 years n the
Institute’s (NRC on Mithun, Nagaland) firm & Jharnapani. Semen samples were
collected fram 5 adult healthy Mithun bulls aged between 46 years through rectal
massage method and the semen samples exhibiting @ mass activity score of 3 ar more

were only processed further fir freezing

After collection, the samples were panially diluted by adding | ml pre-
warmed (37°C) iris—egg yolk diluems (Tris-hydroxymethyl aminomethane 24.3
mg/ml, sodium citrate 134 mg/ml. fructose 1¢ mg/ml and egg yolk 20% Penieillium
G sodium salt 1000 1U/ml and dihydrostreptomycin 1 mg ml). The partiaily diluted
samples were mainlained a 37°C for furthe processing, Final dilution of the samples
was done with pre-warmed (37°C) ris—egg yolk diluenis in such a way that after final
dijution and glycerol addition each ml of sample contained 60x10* sperm. Following
the final dilution. the samples were equilibrated & 4°C fix 4-h and plycerol was added
into the samples in a single dose (Experimeni-l} or split doses (Experiment-2). In the
experiment-l, the semen samples were cryopreserved using 3,4,5.6, and P4 glycerol
and glycerol was added into the diluents in a single dose & 37°C after final dilution
and kept immediately a 4°C fix equilibration. b the experimentll, the semen
samples were eryopreserved using 5 6 and 7% glycerol and the 1otal  glycerol was
divided into four equal parts and a part was added imo the diluents after final
dijution & Oh {immediately before equilibration. 37°C), Ih {4°C), 2h (4°C) ard 3h
(4°C) of equilibration. Afier equilibration, the samples were loaded into pre-cooked
(4°C) 0.50 m straws leaving & small air space & the end and saled with PVA
powder. The straws were then froren i liquid nitrogen vapour (5 am above the liquid -
nitrogen level) far 10 Min and subsequently plunged into liquid nitrogen fer siorage.
In both the experiments, the interval between the partial dilwion of semen samples
ard beginning of equilibration did not exceed 60 min. Semen volame, mass activity i
the fresh samples and sperm concentration in partially diluted samples were
determined. The sperm qualitative parameters (progressive motility, livability,
acrosomal integrity. morphological abnormalities and apoplosis) were delermined

after final dilition, 4-h equilibration and after freeze-thawing. The frozen saroples
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were: evaluated after minimum 7 days of siorage in liquid nitrogen. The objeclive of

this study was w0 find out the suitable gheerol eoncentration for cryopreserving
mithun semen. study e dficet of addition of glyceral n split and non-split method

and the dfeet of ery opreservation on acrosomal integrity and apopiosis.

It experiment] i.e the addition of glyeerol i nen-split method, the mean
percentages ol progressive motiliy were Mkl b be 67,8 4+ 2.8 43,2+ 2. 3and 219 + 2.0
ler P glycerol afler nitial & kilion, adler 4 hours of equilibrigion and s fler Freczing and
thawing. The subsequent percentiges of progressive el ity were found © be $7.2 £ 2.3
4.2 + 2.4 and 26,5 & 2.7 for 2% glycerol 653 k4L 498 £ 2.7 md 0064 LT for T
glyeerol: 66,1 2.9 d5.2 4 25 and 307+ L1 e 624 glycerol and 66,34 3.7, 45,1 4 340
and 174 13 Jue P glyeerol, The perientage ofprogressive molile serm 16 Fa
plyeere] was significantly (P<th,08) dilfaent o thut of M 4%, % and g lyeerol. The
mean pereel of live itact were found W be 0.9 1 27, 467 + 2.6 and 8.0 1.7 ulter
Gl dijtion sier 4 haws ol equilibraton and afler I-cering and thawing for P
glycerol, The live intogt perceninges Tor 4% glheorol were found o be 71,3 4 2.4, 45.6 -4
21 and 20.2:5 2.2 for P .20 4.0 2.8 1 22 md 434 4 18 for 6% AL PO 4U4
24 and 35,12 Lok for 7% 705 2 4.1 9.9 4 32 und 21,2+ 1.4, Live intacl acrosome
percenidge o 5% glyoerol concentration was signiticantty ditfaent rom 3 4, 0 and P
ghyeerol. The mean pereentages of live domage aller initial dilution, 4 hoars of
vejuilbratien snd freezing and Jhinwing were weeorded © be 2.9 4 0.3, 47 2 05 and 107 +
0.5 for Mo ghycerol; 3o 2 0.3 50:4 8.7 105 £ 05 e 8% glyerol 30206 52 +
W& and AR 4 1.2 for $o glycerol 12 £ 05, 5.2:2 07 and 7o = 05 Tor % glyceral and
200008 562 4 ol 110 £ 06 ForT¥ glycero) Exaluation of (he data showed that the
five demage acrosome percentages & % glyceral was signilicantly difTeremt Trom 3, 4
and 6% wherens there were o amy difTerence between 3, 4 gnd 7% glyceral alter
ay opreservidion. The mean percentages of dend intect were recorded © he 62 2 08 14.4
+ 1.2 and X0 8+ 23 aher initigd dilutions. 4 hours of equilibration and afier lreesing ond
thawsing for 3% glycerol concentration. “Hhe subseyuent readings were recorded 11 be 6 5
=085 15,1+ L3 and 200 £ 23 fr 4% gheerol, 69 £ 0.9, 110 % L] and 103+ L7 for
5%, B0 07 13.0 £ L1 and 16,5 £ | i ®% glycerol and 7.6 = 08 12, 4 1.0 and 17.9
EO8 fop P gheerol, "There was m shy difference beween 3 4 opd 74 uhcerol, b $5

uheerol showed significam diffizrence o dhat of 3 4 6 & 7 “The mean percenmtoges of
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dead dammage were found © be 21.3 &+ 18, 4.6+ 20 and 508 + 25 after initial

dilution after 4 hours of equilibratton and after freezing and thawing fix B4 plycerol;
206 £ 1.9, 344 £ 15 and 49.5 £ 24 fix 4% glycerol: 2.5+ 2.8, 31.9 + 2.3 ard 40.8
= 2.7 far P glycerol; 22.] + 2.3, 333 + 32 ard 41.6 = 0.9 for @4 glycerol and 20.8
=2.1.33.4+ 19 and 50.0 % 2.4 fixr 7% glycerol concentration, There was significant
differenice after cryopreservation. $4 and &% glycerol was significantly different
from 3, 4 & 7% but in between 5 and & pglycercl there was no significant

diff =rence,

‘The mean percentages of head abnormalities were found € be 0.9 + 0.3, 30 £
03 amd 61 £ 04 after initial diletion, 4 hours of equilibration ard after freezing and
thawing for 3% glycerol: L1+03. 28 + 03 and 5.3 + 06 fix ¥4 glvcerol; 12 £0.4,
26 £ 0.4 and 28 + 04 for 96 gheerol; 08 +£ 0.3, 20 £ 05 ad 32 + 04 fx 6%
glycerol and 06 = 0.2. 29 £ 03 and 62 = 0.5 fir R4 glycerol cobcentrations. P
glycerol was sipnificantly different from 3, 4 and 7% The mean percentages of mid-
piece abnormalities in the 3 stages i.e; afler ininal dilution. after 4 hours of
equilibration and after freezing and thawing were found %o be 0.2 + 02, 1.2 + 03 and
3.1 £ 03 fir 3% glycerol. For the subsequent concentrations the value were recorded
& 04 £02 1.3+03 and 29 £ 0.3 fir £ glycerol: 05 £ 0.2 05 202 ard 16 £0,2
for 3% glycerol: 0.2 =02, 0.7 £ 0.2 and 1.5 = 02 for % plycerol and 0.6 + 0.2, 2.9+
0.3 amd 6.2 = 05 for 7% glycerol. 5 & % glycerol were significantly diffierent fram
3, 4and 7 The mean percentages of tail abnormalities were found 13 be 4,7 £ 0.3, 94
+ 0.5 and 163 = 0.9 after initial dilution, after 4 hours of equilibration and after
freezing and thawing for 3% glycerol; 34 + 0.5, 85 + 08 and 16.1 = 08 fir %4
glycerol; 4.1 £0.3, 65 £ 0.3 and 9.7 + 05 for P4 glyceral; 47 + 0.5, 7.0 = 0,7 and
9.0 £ 0.6 for 6% glycerol and 46 £ 0.3, 95 = 04 and 16.6 + 09 for M4 plyceral. %
glycerol was significantly different from rest of he percentages, bul there was no
difference between 3 and P4 after equilibration. Afier cryopreservation 5 and @4
were significantly different from 3, 4 and 7%. The mean percentages of total sperm
abnonmalites were recorded as 5.8 + 0.5 13.6 + 08 and 253 + 1.0 after initial
dilution, after 4 hours of equilibration and after freezing and thawing fr 3% glycerol;
49 £0.5, 12.7 = 1.1 and 242 £ 10 for 4% glycerol; 5.8 + 03, 96 = (06 and 4.1 =
0.8 fir ¥ glycerol; 5.7 £ 0.6, 95 + 09 and 13.7 £ 10 fox @4 glycerol and 5.6+ 0.4,
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13.6 = O Band 25.8 + 1.2 for 24 gheerol, Aflerequilibration and cryopreservation. 5

and 0% glycerol were sipnilicantly dilTerent from 3, 4 and .

In the experiment-ll ic addition of plycerof in split doses ihe mean
percentages of progressive motility were found © be 98,8 £ 23, 641 £ 1.5 aml 502 +
L9 after Initial dilution. aller 4 hours of equilibrmion aml after freezinp for 5%
gheerol .1 £ 29, 580+ 25 und 42 £ 1.5 forfs% plycerol and 745 £ 27, 33,7 £
20 aet 339 £ 14 for Pa gheerol added nosplit dose, Afler eguifibration, the mean
progressive motility percentapes 4 e glycerol were signilicantly different from 6
and 7%, bul atter cryopreservation all the ghcerol percentages vary Slgnilicantly
among themselves. The mean percentages of lise: intact acrosome were fowwd © be
843 £ 31 67.5% 1.2and 533 £ 1§ after initial dilution, alier 4 hours of equitibration
und alter lreeving fir $e glycerol 78.3 2 34, 619 + 22 and 458 2 L6 v 6%
glycerol and 780 + 29, 57.7 £ 22 and 37.6 + 1.2 for P4 glycerol. “Tie racan live
intecl  perceatages al all twe plyecrol concenlrations  vary  signtlicanlly  among
lhemsetves abter cryopreservation. The racan percentages recorded [ live damaped
spenmalozoa alier wnilial Jil ution. after 4 hows of equd ibration ond afier {reezing were
.9+ 03, 36+ 0.5 and 38 2 05 Tor % glycerol; 22 £ 06, 59 £ 03 and 55 = 0.3
fur 6% plyeerol and 25 2 0.5 5.4 ¢+ 0.3 and 6.1 + 04 for ®a glyeerol level wdded o
lit. The racan live demape scrosome percentages @l #4 glycerol were significantly
different © that of 6 and 76 d both stages of cryopreservation i.c, alter equilibration
andl cryvopreservation. The imean pereentages far dead intact spermalozoa were Found
w be 47 + 06, 93 £ 05 aed 133 £ 0O after initld dilution. after 4 bowrs of
equilibration amd atler [reezing % glycerol; 3.5+ 0.5 12.0 £ 08 and 162 £ 0.7 fox
0" plycera] and 57 £ 06, 1.7 £ 09 and 19.3 + 04 fix 76 glycerol level. The mean
dead mtacl percentages ol P giycerol were significantly dilTerent (rom & and 7%, bl
there was o any  difference between 6 and ™6 afler equilibration.  Afler
eryopreservation 1 was observed that There were significant diffierences anung all the
ghcerol porcentages. The mean percentages of dead damages alter Inigal dilution.
after 4 hoors of equllibration and sfler freczing weae revorded as 13,6 £ 1.7: 205 +
09 aml 300+ 1.9 fir F% glyeerol 16,4+ 1.6 0.9 20 and 3.7 2 1.3 for 6%
ghcerol and 163 + 14, 256 £ 13 and 37.2 + 1] fe 7% glycerol, The inean dead
damage acrosome percentages at 5 aied 6% glyeero! were signilicantly diflferent frora

Mo boh the stages e, after equllibraton and cryvopreservation,
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The mean percentages of head abnormalities in the spit method. evahuuted
were found & be 0.7 + 0.3 2.6 + 0.2 and 4.4 = 03 fiv % glyceral afler initdal
dilation. after 4 hours of equilibration and afler Freesing. The suhsequenl. result for
(o and 7% glyeerol levels were found &t be 1] £ 0.3, 29 £ 02 and 4.2 2 0.4 and 1.0
0.3 34 2 04 and 6.2 = 0.6 respectively. The mean head abnormaliny percenlages o
o and 6% glyeorol were signifieantly diffizrent o that of 4. The mean percenlages
recorded fuy mid-picce abnormalities were 0.7 £ 0.2 1.2 £ 02 ad 2.9 + 0.3 after
inifial chitution. after 4 hours of exquilibrition md afier freezing tor 9% gheerol; N6 +
6.2 1.6 £ 03 and L6+ 02 fir 6% glycerol and 04 £ 0.2 16 £ 0.2 and 2.7+ 03 for
T glycerol {evel. The mean midpicee abnormality percentages & T oand e
glyeerol were significantly dilferemt © that of 6% The mean percentages of 1ail
abnormalities after initial dilution. afler 4 hours of equilibration and after freezng
were recorded as 41 £ 0.3, 77 ¢ 07 and 2.3 £ 0.7 for 9 glycerok 4.5 £ 0.3, 84 +
(.3 and 12.2 = 08 for 04 glveerol ond 50 4 (03 96 = 0.5 and 1.8 + 0.6 fr ™
glycerol added m glit dose. There was v signilicant dill'erense among the glyeerol
percentages for the mean tail abnormality percenlages i all the 3 stages Le. after
initia dilugon. afler equilibration and afier cryopreservation. The mea perceni{ages
ol total spermatozoa sbnormalitics were found o be 55 £ 0.5, 1:.5 + 08 and 195 +
L0 after initial dimdon; afier 4 hours of equilibration wd after Mreezig fir 9%
glyeerol level; 62 £ 04, 12,94 08 and 17,9 1.1 £r6% glyceral and 64 + 0.5, 14.5
0.5 and .6 £ 15 fir Mo glyeerol added i split dose. Swatistical analyses of the total
sperm abnormalities  daa  revealed ™ difference  afier  ininal  dilugon  and
cryopreservalion. but significant difference was observed after eguilibiation only. ¥4

#l yecrol was signi ficantly different from that of M4 glycerol after equi ibration.

Ir the experiment-1ll. the Mean perceNtages of apoplulic sperm i non wlit
method. aller initid dilution were fiund © he 12,10 £ 1,29, 220 * 1.52. L8O +
L3928 = 142 and 10,90 £ 129 for X 405 6 and R glerol respectively. After
equilibration the pereentages were 36.00 £ 210, 3180 £ 2.19, 2400 % 1.86 ard 3180
+ .08 wivk aller crvopreservation Lhe values were found © he SLHIO £ 1,99, 48.40 +
1.58, 33,40 & |.68. 4 4 .72 and 4R 00 + 203, The mean percentages of apoptotic

sperm @ 3% plweerol was signilicanty: difTerent from thar of 3. 4 6 & 4%
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whereas there was no any diffizrence between 4 and % i both after equilibration and

cryopresenvation.

The mean percentages of apoptotic sperm m the split method of addition of
glycere! after initial dilution were foumd o be 13.10 + 1.53, 13.40 + .60 end 13.10 £
[.42 for 5. 6 and P46 respectively. The corresponding vahies were 20,10 + 1.31, 23.60
+ 174 and 30.90 + 1.96 after equilibration and 34.90 + 1,70, 43.60 % 1.77 and 47.70 +
1.99 after cryopreservation. Statistical analyses of the percentages of apoptotic sperm
revealed significant difference between the 3 stages of cryopreservation i.e. after
initial djlution. after equilibration and aftef cryopreservation i all the glycerol

percentages i.e; 5 6 & Pu

CONCLUSION

l. The concentration ard addition method of glycerol significantly a#fected
the quality of cryopreserved mithun spermatozoa. The post freeze-thaw
quajities i.e.: progressive motility, liveability, acrosomal integrity
(percentage of live intact, live damage. dead intaci & dead damage),
motphological abnormalities of 1nithun spermatozoa were found superior
with ¥4 glycerol compared © that of 3, 4, 6 and B4 when added i a
single dose & 37'C.

2 The post freezethaw qualities of mithun sperm were further improved
when F¥4 glvcerol weas added b split doses during equilibration a 4°C,
Therefore for efficient cryopreservation of nithun sperm in tris egg yolk
extender, it ¥ suggested © ad % glycerol i split doses during
eguilibration,

3. Cryopreservation had induced apoptosis i inthun sperm. Addition of
glycerol a& Fb showed kss numbers of apoptotic sperm than rest of the
Elycerol copeentration. The method of glycercl addition showed no effect
o the apoptosis of mithun sperm. Further stwudies are required to explain
this comp lex process of apoptosis in the areas like DNA fragmentation and
chromatin -~ condensation.  lobulation of acrosolmal membrane,
mitechondrial  distension, caspase activalion. and increase sperm

membrane permeability of the 1nithun spermatozoa,
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