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INTRODUCTION 

North-1.a;I India rs the· crn1flucncc of lhrcc nmjor hu,-gc"tigmphical rcalrn of 

the ""rid mul ,s c�trcrncl} rich m nnrnl and fouo;,I hiodi,cr<-11) A11l!111g !he 7 north­ 

eestcm slates N,1galdnd i, cndo"ed with rich gcrmpla.,111 of different endemic sp,:1.·1cs 

mdudmg mithun (lJ11., fro11wli,). Mithuo. the 'cattle of mo1111la1ns" probahl) 

originated more 1lldn 8000 icm-s agu and i; considered as the domcst,c,tt�-d fonn of 

\\!Id gnur 'I his rerc species of hm,ne I,,,� a lhuitcd i::eoi::rnphirnl distnhutipn und 

m,tinl, lou11d m the 4 north-eastern state, of Arunachal l'mdcsh. Nagaland. M11,lmrn 

and Mampur. llo\\e,er it is also found in small r,um\Jcrs in M}Jnnmr. China. 

13angf;r<lesh am! Uhut,m. ·1 h,s spccres 1s reared under the frc-., rnngc �yskm ,,t an 

l"lc,dtion of 1000 Ill 3000 m ubovc sea lc,cl. This unique species is primJrily used for 

meal pn,du1.·t1rn1 ond 11 also pl,l)S an important rok- in the socio economic life of its 

rcarcr; (S11mnons. 19l!-I: Mondal ,md l'aL \ 999). llo"c' er. uncoutmllcd breeding in 

lhc c�isting fr<..e r.mgl' rc;,ring system lllU) lead IO i;cnc11eall) inferior herd and 

crossbreeding with ulhcr h<,vinc �pcc1e� nm} lead \() dLcline in qu,,1i1� Muhun 

gcrmplu,m I hcrcforc an 111\Lnw cm1-.cn11\1on and propagauon programme IS urgcn1ly 

n..-..ium .. ·d for lh" an nual. C onstdceing the i mp<irt;rn<..c ol' conscev i11g 1his annnal species 

modern bmtcchnoh11pLal lools like semen cryoprescrv.nion coupkd "ilh A.I 1� 

lk."Ces,;..tr)" rl1c pmd11ct1on performance of Mithun cowv cJn he increased by hrc,:dmg 

females " 1th s..·111cn uf I he hul Is of superior gcnctk merit. Uu! due to non a, m lab, lily 

ufn vystcm lo rcpbcc hull� al regular imervnl to maintain the genetic quatuy, lhcrc is 

a need 10 focus on 'i<,mc alk"mall\c "a) for bn:<..-dmg. Thi, can be achieved c:1sil; 

lhrough artlflcml iu-emlnntion (Al} with the scm1.·n of prvvcn Mithun hulls i>r h; 

MOI· I' {�1uhiplc mul:itivn :111d embryu tr.msfcr) Artificial inccmlnution (Al) has 

becmnc one of lhc mn�I important techniques ever de, rscd for the gc11ct1e 

11nprt1,cme11l of far111 unin1.,l� li�e caule. bu!T:1!0 etc. Cryo-prcscrvauuu of semen ss 

uSt.-d tu n.'tllllC 111c1uh<1h<rn .u1d to 1n,1111t,11 n spcnn , i11bilit)- O\ er an extended period nl" 

umc. 

Semen cryoprescrv.nlon offers the O)l(l<)rtt111it\ to nnpm�c the hrcrding 

()<1lcn11al l•f 1111,lc ,mimals. Semen storage 1cchnolog) "!IS re,.ol 111101111cd more I hJn 50 

vcar-, ago h} the di�mcr> of th•· er:,opr\\lccti,c cJp.Kll) of gfycercl. The use or 
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i!l)LCml c,m h,, toxtc in ccrtain ,011Lcmm11un�. These specific conccutranou lc�ds are 

species specific. LJull spermatozoa ar.: routhwly CT)npn.·�cncd u,ing 4% to 8o/• 

glycerol (hnncssy ('/ 111. 1'190). llm,cwr. there i� ,er) limited iufonnaticn in 

Mithun In this cunlc\1. it is H'T) cv-entiul lo slandurd1;c n suitahlc Jel)LCTOI 

cunccntr'.1tion in urJcr tu mlo111 ,\ I in Mithun II 1s rcp,ortcd 111.11 11l)u:ml cnntcnl of 

diluent, lUn effect the p<JSHhli" motiht) of�p,::'rnmll)/ou (floll. 2000. lhun N <1/ .. 

2002). lhc poet lhn" sur,i,ul of,pcr,n;,tMo:, can OC influenced h) the "II) m which 

i;IJLcrul ,s nddcd pnur h• lrcoini; {l-twr ,md I .11rfull <'I <1/ 19K9) 

M..rphoh111,J and ucro,;onrnl i111c11rily arc v.rluablo rnariccr<i of cryo-survlvnl. 

lhc rrumt1) driving fon c dkt:,ti1111, cr)1Viunhal of ,pcmm1010H is i1s initial pre· 

frcc,c ljUali ly und morphulog) • c,pcdul I) h,11 mg II morphologjcul ly normal. inmc1 

acrosornc I he 111itml \tructur.tl 1111cgri1y uf the acresomc i, more hnpornuu predic1or 

uf P,.)\Hhu" spcnn survivuluy 1han initul sperm molilil) score {l'uluhc11th1 el (I/. 

2007) 1 he 11cm�unml u11c11rit) suune cun he tN.'<I us 11 suit11blc n1,1rkcr for 1'cruli1.1ui1>n 

nhi hl) of spcnuntrvon \Janko, 1 ko, n l'I "' 200R) 

A11<>ph1�1, is u ph��iuln1:11call) pmgnunmcd cell death clmmcter11�11 hy 

shrmlugc or cell. reducl ion ,,f C) lopl:1�111ic , olurnc. condensation of chmnmti n. DNA 

cleavage nud nucfc,u- lmgmcntuuon A si11nilk1m1 negative corrclauon wu1 reported 

betwccu 1he pmport inn of urn11h1l1c cells aud vperm liubi IH) or motility in cjuculmctl 

semen. Addil ion,,ll:,, 1h,· prcs,;nc<: of af)l.lpl<>)is in sperm cell� 111,s bl....::n ecrrclatcd wuh 

infernlity. hu!uutiun nf upoptoMs m spcnu cells ""ultl he u i;ood indicative uf !he 

scmcu ljualily (I chose !'I u/ 200S). Cunsidcrin11 these facts the present research 

prugranuuc hu, been taken " uh the foUO\, in1p1bjcc1h cs· 

1. ·r" «udy 1hc· dket of different t!l)Ccn•I ccnccnrrutions in lhc extender (Ill post 

cr)oprl·wrs·uliun lj11111i1) orn111hun semen. 

2 Io stutl) the dTcc1 uf different 111c1hods nf glycerol atldilinn 111 the C�!cntlcr on 

post CT)O[)rcSCT\'Otmn qu:ilit) ufmilhun scmvn. 

1 ro �tud) the effect or Cl) opn,scr- at ion on acm,orn:,I uucgnt) anti aropt,1"� 

of nntbnn �rcrma101oa 
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RE:VIF:\V OF LITERATURE 

l.l. Cryllprc<cnulilln llf •cmcn llSini: tliffrrcnl knl• of i:l)crrol anti its 

cffr,·t on tlilfrrl'l11 <cmim,I 1mrnrn,·1rr• (progrc,\iH mnlilit). �perm 

cencentrauon, acrn,0111<• inll'gri1y) 

Almquist (1962) ,ncmponilcd 10 or lJ';o gl)lcrol 111 �ku11 nnlk dtlucnts by 

gradual n<ldiuon to parnnlly diluted semen ,It 5°C ,md �pcnn,11010011 l11ab,lity during 

14 d,l)S if stored nt 5 ''l was higher (1' 5 0.01) than in the absence ofglyecrol Fhcse 

i,;l)tcml lc,cls prc1cnlctl the .,hnrp dechnc in mot1hl} observed between lhc fourth 

and si-crb (fa)< of<Joragc for s,:rncn diluted in skim milk glycerol Glycerol levels of 

16 t,, 25�o did nnl sigmhtanll) in1pn"c !ivab1lit) over semen diluted witbnu 

gl)ceml hnir ficld 1nals tm ull1ng 21.676 mscmimuions "ere conducted Ju compare 

the lcrtilit} of semen dilutcd i11 mil� with th:it dilutLxl in milk�IO% gl)cerul. 

llurnngcni,cd mllk wne in (\\O trials uud fresh. unfortified ehm milk in the other 11,0. 

l hc <:<lmhincd dnrn �hm,cd !hill ;1<!dit ion of glycerol signi flcnut l} (l' 5 0.01 ) i ncreascd 

f,miht: nfscmcn U'><'.d thc scwnd third .ind fourth da)S .,fkr the da) or cotlccuon h) 

7.4. 12.2. and 19.5 1icrcl'11ugc· um1,. r<:sp,.:ct" d). I he 111<:rcasc of2 3 pcrcc11t,1gc 1mits 

obmiucd " uh gl\ ccrolncd semen used the da) a �er culll'<.tion w.i.s not significant. In 

a lnnitcd splu-cjacularcd trial. fcniht) of wmcn diluted in homogcni1cd milk 

eont,,imng 15°0 gl)Ctml \\.ts n01 sign,ficanll) different from thm in 10%, glycerol on 

an} .,r rhc three <la 1 s of use 

Pursel et al (1'l7H) experimented the· cfTcct of different gl)ccml 

conccnlranon on frozen boar spcnn. In expcnrnem 1. Bchwrllc l·J extender 

conrnining Oto 7% gl)cl·rul 1,as added to boar sperm Gl)C<:rol wus <either n.•t,,inc<l 

durmg fn.'C1mg or removed h) centrifugation before frcc,ing. Whc11 i;l)ccrol was 

retained. there "as sjgniflcam 1Hl!:(:1\ive linear relationship between the percentage nf 

�pcm, ,,no,nnw, " ith a nonn,il 11pic,1I ridge {NA ll) ;ind l!w percentage of glycerol 

When gl)ccml was rcn10,•cd before frcc1.rng. the percentage of Nlllt ucrosomcs did 

not <l11Tcr umong s.i.mpl,·� lhc• f>.,r<.<:nta!!-c of inolik Sfl<'rrn and lhc pcrecntugc uf 

g!)Ctml m lh<e ongm,11 c>.tcndcr 1,cre lmcarl) rclulcd rcgardlc,s of \\hcthcr gl)cerol 

"as remrncd or rcmo, cd before rrcc-mg. In expenmcnt 2. four ccncentrnucns of 



' glycerol. three cooling times and 1 .... 0 dilution rates "ere compared 'I-hen semen wall 

frozen ifl Bchsv,l\c 1'5 extender. "!he p<1sHhaw results for percentages of NAR 

ec-osomev nnd �perm motilil) \\Cl'C optimum with lo/• glycerol and 11 1 4 dilution rare. 

Coolmg time had a mumr affCct,on on the frec,mg results. In expcrtmcru ). rhe 

competitive fcrtili,ing capacity of hoar sperm fro,cn wilh 1•,. glycerol WllS compmcd 

with lh:U fru1.cn 1111hou1 glycerol. l"hc number ofovo fenihzed by sperm frozen \\ilh 

O or I 'h glycerol. 52 and 72 0\11, rcspectiv ely. "en, nearing stutis1icall) different f rorn 

a 50.50 ratio (P < 070).Thcsc results indicated thut the conditions of this study 

gl) cerol WQS of MHllC posi1i\ e value u� u cryupruk><:lan1s for boar sperm. 

Scheid ,•1 11/ (19110) iil\cstigm�..J tile effect of four dilli:rent glyceml 

conccmrutions 111 the deep fr..>t:1ing or boar '>t.'11\CII in phetic tulles. Ille S[)Cnn,rieh 

portion of 21 ejaculates "-11� processed tor l"rcCJing, the firm I extender containing 0. 2. 

4 t)r u•,o glycerol. l'ost·tlm11ing mo1itit)" fur semen in the 4 diluent averaged 5.J, 31.5. 

41.S and 50.6% resp (I' ", 0.001 ), und the proportion of ncrosomea with normnl apical 

ndgc (NAH) l,H.H. 48 2. 22.(, and 5.2h (I' <0.001).l'rclimmory n:�ulh .. ere ovnilnble 

from 1m mscmination triol. Nine cjnculu1c� from 7 boul"'i selected for 11ood semen 

fn.>t:1uhili1) "ere processed. 11lyccml Incl� of 0. 2 or 6o/o bcinJ,t u�,'1.1 l'o�I thnwing 

molili1) 11,crng�"U 9.4. 35.0 uml 51.2% rcsp . oml NARs 69.l.56.3 nnd 22.3% of 7. 2 

and 4 females inseminated. 6. 2 und J conceived, with 1m uv. 8 H. 12.0 and 9 0 

embryos m1d 16.2, I H.0 and I J 1 corpora lutcu 

Ahnhd und Johm,on (1988) conducted experlmerna 10 stud)' the effect of 

11.l)ccrol conccntmlion. cqu,lihmhun Lime and temperature of 11l)ceml oddilion on 

post thaw viubtl it)' of buur �[)Crma101011 nftcr cryo1ncwrva11on in straws. Semen (�plil 

cjaculutc) in rnexi-srrews (6 mm o.d.) was frozen using a programmable frcczmg 

cha,nhcr I hrec parameters for in vitro sperm evaloation were used. Motility (MO 1 ). 

ocrosomc imcgruy (NARJ nnd flow cyrcrucmc onal)Sis of S[)CnTl treated "ilh 

curhoxytluorc,-.:cin diaccunc ano.l propidium iodide lo 85SC�s cpcnn plnsum membrane 

mtcgrit). No interactions "ere found among the thr,:c vuriahlcs evaluated. Length of 

pn·fm:1.c exposure lo 11l)ccrol. ranging from 0.5 lo 75 min. had no ctlcrt on posL uuw 

spcrrn v1ab1llt). Lxposore of to a gl)cCTIJI containing extender m�·dium at 5 ( gave 

improved pmt·lha\\ vmbility over that exposed m 0 C (p< 0 05). Glycerol Ill 

cuncc111ra1icm of J or 4% re�ulled in maxnnum poM thaw rnouliL)' Acrosomc integrity 



' value� were greatest for 2 arid J•• J!l}ccrnl. "hcreas PMI was greatest "hen glycerol 

concentration ""!> 4 10 6"• The pnmaJ') Cl)Oprotcrtiu, l.'lfoct of glycerol on boar 

semen ma� be c:<tr.tcdlular 11 LS conch.l<kd lhal l or 4°,o gl)Cl"T\JI gtvcs ma;,;imum 

, iahil,ty of fruzcn-thawcd boar spcrmatoma 

LOCng el 1,/ ( 19921 studied the effects of rwo co11«11lralton� of glycerol 2"1,, 

and 6"'• in a fn.-c,mg diluent "ith rcspcrt m the in vueo fcrt1h,:ing capacit) of fro,.cn­ 

ibawcd boar S1"'m1ato1oa which before exposure \() OOC)le-5 were subjl-cted lu J 

mctho,h of fra< tiunmion [ hcse were 1 ) I he upper Iracticn. 2) l he S\\ ,m-up an<l J J 

Percell gradrem-ccntnfugeuon. rlw� found that b� raising the j!l�ccml concentration 

from 2-6°/o (,/,) during fn:eLmg dcrrcas..-d the proportion of spermatozoa with a 

nonnal apical ndgc The) c,mcludcd that the gl)ccrol k,d alTcrtcd pcnctra1mn and 

poly!>pcnn) onl} .. ,th spermatozoa separated m p1:11:oll gradient. "here the high<,r 

level nf gl}ccml increased OOC}1es penetration and p<,l�sp1:nn). 

Rum cl t1/ (1998) imcstigatcd to find om tbe best combination of extender 

llll<l fn."t:1ing thawing ralc of dOK spermatozoa, I our ejaculates were obtained from 

cru.h other of five dni:s nnd split samples were diluted in a l"ns citrate glocn,ie 

extender con tam mg 0.5°, l:qocx S I M  paste and cithcr J or 5"'• gl)ttrol. Two 

cJaculatcs fnirn each dog were fmzen al a slow frt.TTmg rate ( IO"C/min in the range 

6° to 40�C) m 0.Sml stra\\S using a programmable Ircezer. Prior tu c,·aluation. 1hc 

stra"'� from each frce1;ng rate and glycerol conccntrat,un were thawed in II water 

bath. either ut JS C for I mm or at 70�C for 8 s. Samplcs of cryoprescr.cd semen 

were evaluated for motilit) and for the prop(lrtion of spermatozoa having an unact 

plassna mcmbrnnc. ,mmc'tl1atcl) allcr lh;mmg and during 5 h of 1ncubauun at 

38 c ·1 he h1ghc'T iil)Cl'"rol concentration and thc faster I hawing rate tcStL-<l favored the 

rccov Cl) of Ji, ing ail<l moll le spermatozoa and their survrc al during incuhauon While 

1hc rested ln:cnng rates had no influence on sperm post-thaw lungc�il). 

Y1 <'I lll (2002) condoc1cd a series of cxpcnnW'TlL� to determine llic c!Tccts of 

N-occt} l-Dcglucosaminc. gl) ccrol conccn1ratioo and cqurlibrauou 111n" for the 

frc'Cnng ofOOllr spcrma!o,.,ia m 5ml maxt-erraws The final gl}cerol cunccntrallon m 

trn.' first dilocm was 2·3"'•· 11•. lecrose h}drntc. 2�. Cl,'},! yoll.. 0 o,•/. 1'-accl)l D- 

11luc01>amrn" ,md glycerol l-qu,hhrntton umc was �-J hrs Thc glycerol conc.,ntra\1011 
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in the second dilucnts was .i•o with 11°,o lactose hydrate. 20-io of l.'l\1$ yolk and l'Yo 

on u� cs p;,�lc for Che dilucms of boar sperm freezing, The) found the firs1 diluent was 

bt.-ucr than the second 

Ganie 1•1 "' (2003) tril-d to c, alumc , anous drlueuts for tlH.· cryoprcservation 

of sptcrmato7()a from the 3 species of gazelles. The diluems compared "ere Tes [N­ 

tns(h) dml) mcth) I) rm,1hyl-2 anuoneeihane sulfonic acid I· Tris "ilh 5°10 egg yolk 11r.d 

6'Yo gl) ecru I fl 1:sn and rnlad) 1 )"l�--cilrau:. T ristruhalcw and [ ns-lactosc-all of 

them "'th 20-,o egg )"lk and 6°10 (Trilad)I) ors•,, glycero! Semen "as obtained b) 

electro ejaculation from 12 (,. cmicri. 12Gdama and IJGdo�as males. Samples 

with less than 5�. monk sperm. posi111c crdosmosrs. or ecroscmc rntegnt) ""re not 

used. Diluted s.amplcs were leaded into 0.25-ml straws. cooled slowly 10 S"C over I 5 

h(-0 16 dcgrc.,s C min). <-qu1libr.itcd at the temperature for 2 h. frozen in nurogcn 

vapor< for IO min. and plun11-e<l mlo h11uid nitrogen. Subsamples \\Cl"C assessed fresh. 

aflcr rcfr1gcr.il1on-<..-qu11ibrati<N1. afler fn."Czmg and thawing. and 2 h aflcr rhawtng. 

Differences were seen bct\\c"n d1IUt""nl'l. \\t1h b.."<L tJ\cr�II recmcry rak"'li aflcr fn.-C7Jng 

and Iha" ing found with I nlad} I. TLSl. and l ns-trchalosc m (i cu1 ieri. Tl.ST m 

G.darna. am.I ·1 nlad) I and 1 EST in (i dorcas Differences 11ere observed between 

species in till: abi!it} to withstand fm.•,jng and thal'mg. with best result seen m 

G dam a. and worst results In G.cu1 ieri Thc-sc di!Tcrcnccs were inversely related to the 

a1crngc 1aha-.; of rubrcedmg of these populations. The underl)·m15; ml'Chani�m 

n:spon;;ibk for these d11Tcrc1ll."c'S lll3} be a d1 !Tcrcnllal resistance to osmotic shock. 

Gil el vi (200)) compared tbe effect on post thaw mm spcnn parameters of a 

milk based c�tcntk-r containing four d11Tcrent egg yolk ooncenlrations and a 

commcn:iall} available e�tcl\Ol'!" (Biocxccll) cnntaming two dilTercnt final gl)ccrnl 

�nncenlrations ( l 2"• and 6 4 •10 ) In both experiments glycerol "as added either al 5 

dc,15;n." Cetslus or al 15 degree Celsius togethcr with the second fraction of each 

extender. The �penn concemrat1on� assessed "ere mnhlily. mcmhranc intcgnl) 

t�YBR-14/PI) and capaciteuon status. lli.· results indicate Lita! "hen freezing ram 

semen, lJioc�ccll containing 6.4°,. glycerol ma) be IISl-d as an ahernauve extender to 

the con1cmional mill c�1endcr e<mtammi; 5 �. "1111- )<>ll 
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I long �, al. (2003) studied the effect of glycerol concentration on 

cryoprcscrvaricn of blue Ioxes sperm- Tbey used glycerol concentration of 2. 4. 6 and 

8°/. for cryoprcscrvat,on. The samples wcrc equilibrated for 2h al 5°C and packed 111 

O.Sml straws Freezing was done on a rack Scm abo,c liquid nhrcgen and thawed at 

70"C for 9s. Before and after frcczing-th:m ing. the effects of di ffcrent conccmnuions 

of glycerol on the changes m spermatozoa charactcnsncs and the alterations in the 

ultrastructure of spcrmatmoa were studied by transnnssion electron microscopy. The 

sperm motility. plasmJ membrane 1ntcgnty of spcnnmozoa and percentage of intact 

acrosomes were rel med re the do.ore of glycerol. All these characteristics "ere highest 

in the fraction. \\herein the final gl)CCTOl ccnceutration was 4% (4!.8. 43.6 and 

48 4o/•. whereas the lowest appeared in the fraction added with 2% glycerol (24.5. 

27 6 and 31.7%) Along with the extension of incubation. s1g1uficant differences in 

charactcrisncs of spermatozoa "ere observed between sperm fractions of 2 and 4%. 

whereas the differences between 2. 6 ands•;. sperm fracnons "ere insigmficant. After 

6h. the motility of each fracnon was not more than 10%. wnerees the highest viability 

and the percentage of intact acrosomcs "ere 1 1  8  and 12.7% respecuvcly. 

Wani el 11/. (200-I) conducted experiments to study the effeet of 

cryoprotccmms. dimethyl sulfoxide (DMSO). ethylene glycol (EG). 1.2-propanediol 

(PROH). and glycerol al different concentrauons (3 5. 4. 5. 6. and 7 M each with 0.5 

M sucrose and 0.4% BSA in DPBS) on survival. in vitro maturation. in vitro 

fertifo•.ation. and post-fcrtihwllon development ofvitnlicd-thawed immature bulTalo 

oocytcs. The COCs were harvested from the ovaries by aspirating the visible follicles 

The recovery ofpost·llm" morphologically normal oocytes was lower in J 5 and 4 M 

DMSO. EG. and PRO! I compared to 5. 6. and 7 M. In all the concentrations of 

glycerol. an overall lower numbers of oocytes recovered were normal compared to 

other cryoprotcctants Less number of oocytcs reached mctaphasc-11 (M-ll) stage 

from the oocytes cryopreserved in any of the concenlmhons of DMSO. EG. PROH. 

and glycerol compared to fresh occytes Among the vitrified groups. highest 

maturation was obtained in 7 M solutions of all the cryoproteetants. 11,c cleavage 

rates of oocytes vitrified in different conccntr,u1ons of DMSO. EG. PROH. and 

glycerol were lower than that of the fresh oocytes. The cleavage rates were higher ,n 

oocytes eryopreSC!"\"<'d m 6 and 7 M DMSO. EG. PROI I. and glycerol compared wnh 

oocyres cryoprcs;;,rvcd m other concentrations However. the percentage of morula 
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and blus109M fcrmution from the clcaved embryos did IIO! very in fresh oocytea and 

Hlrilicd oocytcs. ln conclusion. tlus report describes th.!, first successful produchon of 

bun:110 blustocystv from munaturc oo,,}lCS cryoprescrvcd b) vurification. 

Wei si et al (2004) studied the ctfoct of glycerol wul DM!:,O on 

cryopn_,,;er.at1on of rh,·sus monkey sperm !he� used d1ncn:111 conccmrarions Cl"•· 

5%. 10"/o;md 15°,o of gl)<:Crol or DMSO) on rhesus monkey sperm cryoprcscrvation. 

The rt"lult� shoved that the highest recov cry of post-thaw Sl)l'OH motility. and plasma 

mcmhrnnc and acrosomc intcgflly "''� ad11cn.-d "hen the spcrm wns frozen wtth 5�o 

gl)t.crul Spermatozoa Cl)Oprc:,i:rvcd with 15°0 DMSO shewed the lowest pose-chaw 

sperm mo111i1�. and spermatozoa crycprescrvcd "ith 15°. glycerol nnd 15% DMSO 

sl1u,wd lhc lowest pla:,n,:, membmnc irncgnl) amOII!:( 1hc Cl!:(h1 groups The re�ui1s 

echicved with 5% !:(lyc<'ml "ere signific,mtly heller for all parameters than lho:,e 

obtained "11h 5% DMSO. "[he functional cryosurvival of 'f"'m1 Irozcn with 5% 

gl)C<'rol "as funhcr .L'>SC�scd h) in ,iiro fcrullzntion (IVF).O,·cmll. 85.7% of the 

OOC1)C were successfully !i,rtilv�xl. and SI 4% and 5.7% of the resulting zygotes 

developed inlo morulnc and bl..1�1ocy�1s. rt'Sr,ccti,cl) The results indic,,tcd that the 

tyf)(' and conccntmtion of1hc p1:11etm1ing cryoprctecuuus us,.x! can great]) affect the 

sun ival of rhesus monkey sperm attcr it is ITwen and thawed. "!11is suitable glycerol 

level for rhcsu� monkey spcnn freezing Is 5%. and DMSO is not suitable for rhesus 

monkty sperm cryoorcscrv.nron 

l-rscr und I airfull {2005) studied the combined effect o1 glycerol 

conccnlrnliun and cooling vclucny and acrosontnl imcgril )' of hoar spcnnmo,n..i 1 he 

i1ncmction of glycerol concemrattons ol 0·10"/o and coolini: rntcs from 1 tu 

l.500"<.:fmin «uh hour spermaln;;oa motility acrosomul intcgritv (pmportion of 

spermatozoa wuh nonnal local ridi:c) was stud,txl after thnwiug 0 5111) stm,,s 3l a 

const,ml r,i\c While incrc.ising lhc glycerol cunccnlmtion frum O t" 4% progress1,cl) 

improved motility. the percentage of spcmuto,o,, with a norm,,1 ,,picul ridge 

gradually dccrcu�cd. The magnitudes or the rcspcct,vc chani:cs depend nn cooling 

rare. A peak \"aluc or 4R 1% mid mtmg J 8 "-CTC obtained m semen protected wuh 4% 

gl)ccrol. frozen al JO"Ctm,n Increasing the glycerol levels above 6°10 resulted 111 a 

gradual decrease in motility f he proportion of spermauvoa wuh nomial apical ndge 

"'as l1111hcr m semen pruW<.tcd with 0-1° o gtyccrol atlcr cooling at JO Clmm (64 4% 
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and 6<, 1 •. rcs11Ccll\cly). but al th,:�c glyccrul conccn1rnlinns the pcrcemngc of motile 

Spt:rmatl.-'/IM "·IS lo" At the 'lU"C/111111 cool11111 rate. the decline in the proportion of 

cells wnh norm:,I apical ndgc due to 111crc4-smg glycerol l<"cl' to 3 und 4t• was 

rdmi1cl� �lo" (57 J0,o :rn<l 411.4•, •. rcsf)<.>t.ti,cly).C,10ling m t"C"/mm "as dctmncnlal 

in ncn,s<11111,I nucgrny. whicb dccn,a!.<."(I "nh 111vc,"inj! gl)ccrol coucemrruion. in 

contrast !o incrc.1\lllj! 111011!,t). wtuch even 111 ns nmxuuum. rcnm111<:d hm. 'lhc direct 

plungi ng uf �I raws i 1110 liquid ni rrogcn ( 1.500 C/min) n:�ultcd m d1mmgcd :11.rusomc.� 

in 1111 spcn11.11t,1oa wtth the 1u1al loss of n101ili1y. Hnhrncrug motihl) and acru'!Ormil 

intcgril). frcoi11g hoar semen protected ,1i1h 1°,. gl)c,·rol hy cooling m J0°Cln1111 

rcsul 1t•d 111 opunml surv i, al for boar -cmcn frozen in 0.� ml l·n.:nch straws 

f..u�l,i",11:,ki ,., "' aofJ6) cmnp;ircd �l)l'crdl. huuuurdc. nccramidc und 

dimclh)'l,ulth.�nlc (DMM)) :1� cr)<1pmlcc1ur11\ 111 Cl!l,;·)olk dilucnl or cjuculmcd 

JoJ}l111cw 11hitl· rnlihu sp,.,r,11,11<>1<>,1 for uupruvumcnt of •perm crycprescrvatrcn 

method� R11hb1t wmcn ,1u, fro1c11 with 1.0 ,n gl)l'l'ml. lnctnmidc. ncctainidc. ur 

DM',() m 1•lu,1ic ,1n111s h1rn11rd pm�rc,,i1c ,m,1ili1> ,md plw,nm rncmhrune 

mll'l,;rll> ul the r111�!-!hu11 'fk.'rn1111010:1 were exnnuned I hl· nuc 11r fi.irnurd 

progrc�s11c 11\<1lile ,p,cn11:otn1<1a 111 lnlt111n1dc (l7 H i 1,0 •'•) wu• s1goi1ic1mlly (p :!= 

005) h111hl•r 1)1.111111 �l)cerul (17.0 I 31°0) In additio11.1hc nncs otspcrm plasma 

mernhnmc 1111egril} 111 h1etun11dc uud acc1111111dc (15.V I J .. l',, and 30.2 .tJ.O"/ •. 

rcsp,.-.;Jiscl)) were s1111111'1c:m1I) (p < 0 05) lughcr than in glycerol (17.0 .!. 2 6"•J.!hc 

re.,uh, 11\(licutc th,11 1.0 m lnLtd111ode nud ucc1:,midc hnvc hii;her crycprcscrvutlvc 

l'ficd� th1111 I .0 m 111 )CCrol Iur er) oprc<;cr. ntiun ol' Japanese 1\ hitc rabbit sp,cmmto;oa 

M:,rti11e1 ,., td (2006) 1c�lL-<! I\\O gfyccrul cenccmmticns (4 and H •to} and 

three ,.-�1c11dcr os111<1l,il11ic� (320. J80 nnd 430 mOsmll:.11: hcfon: add11111 

Cr}upm1c.·1u11ts) r,,r er)opre...:f\allon of cpidhlymul und ejnculutcd sperm smnpk, 

fn,m lbcrinu red (leer All the cxtcndcrv were based on lc,-'lris and lructusc (for 

u,molulil) ndJu,1mc11I). und complemented wi1h 211"'• c1111 yolk. l·pid1d}m11I und 

CJllCUl:ited sr,cnn ,,,mpk• were obtained from the cauda cp1did)1ms (l'o,i-rnortcm) 

and tlsin11 ck-.;111,..J•Kululion. r1,sp..,ctrvcl). Samples were d1h,1cd I . I  1\ith each 

extender and cqurhbrutcd for 2 h m 5 dci;irce• ( rhl·n. the) "ere diluk-d dowu 10 JOO 

10(6) spcrrnlml and fm1cn al ·20 dcgrL-.;\ C/rnm Post-thawed samples were 

a.<;S<-s�-d for mohlit) (CAs;AJ HO� tcsr. proportion ol swollen (o�nmt,ca!I) 



IO 

chaUcngl-<l) cells in the untreated samples. viahili1} and acrosomal status l·or 

cp1d1d1m,1l ,,m,pk�. 11°0 gl)<'crol rcndcn.-.t a shghtly higher prop<lr1ion or intaci 

11Cro50111cs on 1iable spcnnanvoa than 4°0: rcgurding extenders osmolnlit). 380 and 

HO 1nO,mlkg rendered higher ruutilitv rcsuus. m11J lhc 4)0 m(kmlkg jrclded tile 

lowest prnponion of s"ullcn -pcrmatozon h>r CJaculnk..J sanolcs, 4% glycerol 

yielded more ,1nhlc ,pcrrnmo,oa thi111 8 � •. for extender osmolalily. 120 mOsm/1,.g 

rmtkrcd the highest JX:reCnl,1gc·� of progrcssi,dy moule um.I viable spermatozua. 

although 3110 mOsni/1..g extender wus not ,ig.mftLm1ll} different. The� results show 

thal ,.m,pli: sourec influences extender ,uitJb1lil). and that extender should be iso­ 

o�motk nr ra1lwr slightly hypcrosmohc l·uturc .>tud,cs should 1csl multiple gl)l:l'rol 

conccnlr;,11ons and c"\!cndcr nsmolalities ,n nnkr lo adJu,t them lo these kinds "f 

sample. 

San1ns ,•1 (I/ (2006) conductc<l (\\O cxpcnmcruv to dc1cm11nc the effects of 

CJ!I! rolk (l·Y). gl)ccro!. und coo!ing mu: nn the cryosurvival ofn_'d de<>r eprdldymal 

sperm.uovoa I be mm of l-vpcrlmem 1 ,,as to .:,.,mine the effects of !110 l·Y types 

(dunlicd I Y. Cl·. prcparcd hy ccnmfugrnion. 1md "h11lc hY. WI·). and four FY 

concenlr,,hon 10. 5. I U ,m<l 20° o) on cryMurs tval of red deer cpi<lid)mal spermatozoa 

Sperm �mpl.:� were diluted to a fin,,I sperm L011<:cn1r;1tion 11f -200 � lO� 

spcmm101oa!ml "ith a I ris-chrure-Iructo-c-Pv extender ( 1 tT) pnor to frcc,ing. 

Sperm cr)o�ur,,i,,il was judge in ,itro b) microscopic assessments of individual 

sperm motility. 1 milk imd plasma membrane (t,� means of 1 JOS test and m:rosome 

,NAR) integrities Cr�upn,....,'"'uiion of red dt"ter cpid,d}mal spermatozoa fro1cn inn 

d.uilkd l·Y extender. and 1,i1h u 20% l·Y resulted in more vigorous post-th,111 Jnd 

(lll�l,inclllmtmn nm11I incs fl' '!, 0 (H)() I ). 1' Iorcover, uur results showed that n.•g,,r<lks� 

or the Cl!!! yolk concentration tevtcd. the best sperm 4uality \\JS obtained "i!h the U',(.· 

or ( I . I hcretcrc. the nbj<"teti, c of l· xperi mcnt 2 was to explore the po�l -thaw cn<,...,1s 

of four d11riticd <'gg )Oil conccntmlions (0. 5. 10. and 20%). t11<1 linal gl)n·rol 

concentration� (land 6"o), and mo cooling rmcs from 22 10 5"C ,�lo\\.() 23°C/mrn: 

rapid. 4.2"C /111111) un red deer cpidutyrn�I cperruatczou. Al thawmg, the en<..-.. is of C [ 

arid g!yu,rvl <<11iccn1mtions. and coolrng rmc. ull mdcpcndemly affected pest-thaw 

sperm quahty. \\hill' there •H·rc no <·11CTt� of 111temc11011 on post-thawing spcnn 

quaht}. Ihcrcforc. \\e �lud,cd each 1ariahlc ,cparntcl). Drffercnccs (I' � 0 05) for 

mosl of the sperm parameter, evaluated "ere fouml hct,u"ten lhe two tinal glycerol 
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conccn1mhons tested. wuh 1hc hi)!.h ralue<; after tM"ml!- foun<l whh tbe use of 6°/o 

i,:lyccml (58.8 ± 1.4 \Cl'IUS 46.2 Jc I 4.for sperm motiht)).Morcou-r. the cooling rate 

d,d not ha><· an cnl ... ·t on the semen charactensncs. c�ccpl for NAR (I' 5 0.05).\,\,ith 

the l11gh values after thawing found with the use of the rapid protocol (64.5 :!: 1.4 

,crsu� 59.9 r l 4) In conclusion. 1hc use nf20"o Cl and 6°,. gl}ccrol m cornbin.ation 

"11h n mp1d cooling mtc. s111-mlkan1ly 1mpm1cd ml deer epididymal spemneozoa 

fn..�,..ahiht). 

Santo� el <1/ (2006) wuh the aim uffi001nii an ,ikal cryoprotcctam (Cl'A) in 

a sunublc conccnlmtion for n..-d deer cp,c.hd)mul spermmovoa crycprcscrvmion. 1hcy 

evnluatcd 1hc effects of the 1 mos, commonl) uvcd CPAs. )!.l)ccn,I (GYI). cth)lcnc 

glycol (I G), 11111.I pmp)'lcnc J,!l)col(l'(,). on sp:nn Cl)O-n:sistancc. lhc aim of 

t-xpcnmcm 1 "a.� 10 evaluate the 1nll1.11;ncc ol 1 different final ccnccnesuons (J•io. 

6"• imd 12*•1 of each Cl'A on spcnn fn:e1J1h1l1l) Srcrm �mplc., "ere dthned 10 u 

tinal ,pcnn conccutruuou of 400 · Jo" �pcm1;1l0Jo;11ml w11h a Tne-chraie-frucrose­ 

l Y nlendcr t I( I )  pnor 10 frt.-.:Jmg vpcnu Cl)<KUl"\J\PI "us judged 111 vnm h) 

nucro-coprc a,...:,�mcm� of ul<l1\ldual sperm mo11tity (�Ml). �.ah1li1y. und pla,ma 

membmnc \b) 111c;1n, of the HO� \c<,1) and ucmsomc (NAK) uuegntics. Thawed 

•;ample,; were incubated Pl �7'( fur 2 hours m the.· fnx,mg medium At the end ofthi� 

mculwnmn pcru,d. spenu suspc115ion "11s a�m a.,sdsed Our results shewed that 1 :Z-/o 

ofan) l l'A "a' to.\lc 10 n.-d deer er1d1d)mal Spcrm.illO/,QII membrane m1egril) (I'':', 

OS). Mon. .. "cr. rei,:Jrdlcss uf the level of CPA. results md1catcd lhul the 

cT)o[lmkcthc effects on red deer cp1tl1tl)mal ,perr,1.110£00 of the 3 Cl'As "lkr 

lha"mg arc in the follo"mg sequence GI Y � L(, � PG (higher S)mbols mean P <: 

001) l-urthennorc. our results al'ltl shv"OO an 1mprmemcm in sperm parnmclcr.. 

"hen th.: JCI· tlilucnls cornmned 6*10 of GLY In I xpenmem 2 c�!coder; were 

rrcparcd usmi,: GL Y 6",. J brs expenment "115 dcsign,.-d lo mvcsugetc the .:tll. . ..:t ur 2 

drffcrcm tcmpcmtun: of GI Y addnion - 22°(' (an1hicnt tempt'TBturc) and s�c2 on 

sperm rn.-e1.ah1ll1} Our rcsuh shv"<-d a differential !"C'l[lOASC (I'<: 0'J or molllil) 

(sn11) to temperature ofGYI acklmon before rrcc,ing. the b,:<;t heing 22'C (111 94 i 

2.4•1, \'5. 72 311 ± 2 4�,) Although there «ere no sigmficant diffcrcnci.,, (I' �  .05) 

between the 2 temperature of GYI addiuon a Iler tha"mg in term of spcnn qualny. 

allcr 2 hou� of 1r>euh.ilmn. results tended to he bester "hen C.PAs "en: iw:kkd et 

22"C In cooclusmn. the "url,. shewed 1hc cfficac) ofT(.F d11Ut:"nt5 "''h 6 .,., ofC..YL 
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and us addition ut 22'C. as ,m alternative to tht, more oormnon J� • .  4',;, GYL and 

additn,n at S C m n.,J deer semen fn.>c1111g protocols 

Ra,ul ct 11/ (2007) uecd 6', gl)ccml for cryoprescrv ing buffalo semen. lie 

found tlmt glycerol (6°0) m C'l"lc1KkT )11:lded belier post 1h.m epcrm motility. 

velocities (�lr�1ght-linc and UIL'Tlll!C p.ithJ plasma membrane nncgnl) and nomm! 

ecrowmes than D\1'-0 lhc addition of J!.l}ccml (<,',,) al Jrl' )!dded better post­ 

thaw sperm motihty. plasma mcrnhmnc mtcgnty und 1clo,,,tie� than oddnion at 4"C 

ll':50051 

Dhah c1 11/ (2008) 1,,,._,J � <1', 11l)ccrol for CT)oprcscnmg nu1hun scmcu and 

gut 5�''• po,1 1h.,w 111ot1ht�. 65', m1ac1 acnr,umc and 75"• spermatozoa were 

morphological I) nonnut arlcr Cl) upn:wr. auon. 

Ganie <'I (ti (2008) sunhed 1h,: cffo1.1 of CJ!.K yolk. cryoprotcctarns and 

1-anou� ,ug.ir., un semen cr)opn:,;enat1011 m e1!\bo11ert:J Cu,1<·r·s gazelle. 

Ctyoprcwrvnuon of spenn,llo,ua frtm1 cnJanl!en.'tl species ,s a 1aluahle tool for 

l!Cl11.'11c management Pre, mo� �,U<l1L"! shll\wJ the foa!>1b1l 1l) of er) opn:scn uuon of 

,p,:1111010,011 from 1anous cOOangen...J ga,.dlc,; but ha1e also re1cak'tl di0icu!1ies "nh 

a,a1lahle protocols for semen fr<'Ctmg m Cu�1er·s ga,cllc (G1.1clle cuvten]. 

I �p,:mncnt!> were earned uu1 tu 101c.<,11�1e 1hl.• cfT«t of(a) s•1. or 20'\-, <'1!11 )Olk or 

4'-, or 6°, i;l)C<'MI. au<l (bl a<ldu10,1 of 1ugar, (glucose. fruc1ose. lactose un<l 

!'llOinosc) on Cl)Oprc-.cnal111n USllll,\ l,:,;,fns-basal dduents (Tl:Sl). A diluent 

conuuumg 11.5', rufli11<)SC, 5', or 20'\-, c� }Olk. and 6'1e gl)ccrol OU YG) "11$ also 

c111ll!Jled Semen l'US oblam, .. ..J by electro e1aculat,on from 22 G. cuv1eri 111.1les 

D1lut<'tl s.:,mplcs "en: leaded ,nto O 2S ml straws. cooled to 5 L over 1 5h 

(-0 l6 �('/min). equihbrmed u1 the ternpcramre for 2h. frozen in nitrogen 1'3por. for 10 

nun 11n<l phmg<'d 11110 liquid 111tro11en Suh'.lmples 11ne assessed for mo11l1t) and 

ecrosomc nncgrit� upon collection. atler rcfngeranon-equihbranon. atlcr fn.'C1J11g and 

lha"mg. ond 2h after tha"mg. Use of 11 SI "ilh 20"1, egg )oil or with 4•;. glycerol 

led In worse n1otil1t} prcscnauon • whereas ·r l:SJ "11h 5•, t"JW )Olk ,1n<l 60,., glycerol 

led 10 better resutu, Add111on of fructose or raffinosc: to a.s I n.-suh<'ll m cmnlar or 

"0™' preservauon of rJl(ll1lily than mdusmn of glucose On the other hand u<;c of II 

raflinosc-based medium wuh 20'1. ,-gg }OIL an<l 6•-. glycerol (RI YG) afforded better 
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afforded bcucr preservation of motility than use of TEST. WL!h REYG. 20'"/e egg yolk 

was bcuer than 5,-. egg yolk for motility preservation. Differences were noted 

between males in their responses 10 cryoprcscrvation "hen using different egg yolk or 

glycerol concentrations Mon..'Q1cr. spermatozoa from most males exhibned better 

cryoprescrvarlon w,Lh REYG although some "ere belier cryoprcservsd m TEST The 

niffinose-ba.scd drlucms thus reprc�nt an rmprovemcru over previous result but mon: 

work is needed 10 better characterize crycpreservatlon conditions for future routine 

banking of ganllc spcnnmozoa. 

Mapcka cl al (2009) srudicd the effect of different cryoprotcctants on post­ 

thaw survival and mohhty of t-:olbroek sperm Semen from kolbrock boars was 

collected w,th the gloved hand tcrhniquc EJaculatcs were diluted v,i(h Beltsville 

Lhawmg solution (BTS) al a raiio of 1 1 pnor to freezing. Semen was diluted with egg 

yolk tris. thc,..,.after. one of the three CT)oprotcctants ( 14% glycerol. 14% DMSO or 

7% glycerol + 7% DMSO) v..as added. Diluted samples were then loaded into 0.5 ml 

straws and cooled 11L1h a programmable freezer. Thereafter the semen straws were 

plunl:\cd directly into liquid nitrogen (- \ 96°C) and stored for 48 h Fro7cn straws were 

tha"cd at 39gC for a minute and evalumed for sperm motihty and survival at 0. 30. 

60. and 90 min post-thnw. The post-thaw sperm survival frozen usinl:\ glycerol as a 

cryopro!cctams was significantly higher immediately afler thawing compared to 

DMSO. however, similar to the combination of glycerol and DMSO. There v,.as no 

significant difference on mut,!ity rate immediately (0 min) posHhaw between the 

three crvoprorcctarus Spcnn cryoprcscr\'cd w,th glycerol exhibited significamly 

high<'r percentage motility at 30. 60 and 90 min post-thaw than in the other 

cryoprotectanls. Based on spcnn motility. glycerol was a bencr cryoprotcctants for 

cryoprescrvation of Kolbrock boar sperm. 

Nor el r,/ (201 l) investigated the effect of difTerenl freezing rat<'S on post­ 

thaw spcnn motility. acrosome defect. and sperm chromatin structure and apoptotic 

activity in ram semen. Collected semen was diluted at 1:S (scrncn/ex1cndcr) with 

Bioxcl!l (IMV technologies France) at JO"C and then cooled to S"C within 1 h. Cooled 

semen was subjected to the cqm!ibration for 2 hours. Equilibrated semen was frozen 

in 0.25 ml straw at t110 different coohng rates {slow· 0.S"Clmin from 5 to -20°C and 

fast: S0Clmin from 5 10 -20°C). Both groups were frozen from -20 10 -120°C at 
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2�°Cfn1111 ,md s1orcd m liquid nurogen until use. Post-thaw ()7"C for JO min) sperm 

mohht�. dcli:clcd acn,�omc ( /'i"'"' 1<1mw11 agglutmin n uon,sccin conjugate. Fl I C 
!'SAi, sperm chromatin �lmcmrc determined by 1\-'ndin Orange (AO) and apoplo11C 

acti11I) using knnuml dcoxy nuclcoudyl tmnsfcrasc medmtcd <llJII' nick-end 

lahclmi1 { I UNH,) "ere c, alu,11c<l Post-thaw spcnn n1<.11iht). ncrosemc dcfoct. AO 
and "I\JNl:L for �lo" Iruzcn s.:mcn were <12Rlll8%, JI 6:tl2.9"/o, 2.9ci24% and 

28±1 6°0. and for r,1�1 trozen i;.'rnen "en: 36.5±99%. 24.7±1 I.lo/,. J )*2.2�• and 
6.3±).4%. respectively l'ost-iha« semen unal)Si� showed lh.i( there was no 

s111,111 ficmll di Itcrencc b,:l IWl'll \\, n free Illig curves in lcm1s of ucrusomc defL-cl. sperm 

chromJlin dmnagc (AO). 1101,ncr. a signtticent chllcrcncc wns found for pusl-lhnw 

semen mnlih1) bct,\ccn n,o group, (l'<O 05) In conclusion, while the slow fr,,c,.ing 

procedure impnnc<l pn<!-tha" spcnn motili1) . .icrnsorm: arnl e,hromntm imcgrnics 

and apopuuic index m rnm spcrruutozou did 1101 sho" an) s1g.mlicant difTercnce 
between fr.,oing rutev. 

2.2. Nun-�plit �\,,, s11li! mcllunl uf �IJccrnl addilion. tcn1pcrnturc or glycerol 
add ii ion 

Arrivl,t and I ootc (1987) in all cxpcnmcm added a standard egg-yolk-trls 

extender colllaining detergent mixhirc, s,)d1um and lricthanolmnine lauryl sulfate in 

hull sperm. Gl)cerol \\HS added in one step to the initial CJ<tcndcr or in 1hn,...., steps 

after cool mg semen to 4°('. l'hc extender semen ,,as packaged in .5-nil F rcnch straws 

and fro,c·n o-..·r ctutic llllrogen vapor. 'lh.i"ing "as at 4. 30 and 60"C. lhcrc were 

lutlc di fTL•r.,nccs due to the method of adding gl ycerof provided detergent was present. 

Percentages or motile sperm aflcr freezing in the six eoncen1rntions of detergent, 111 

11.,w;cnd111g order. "ere JI. 45. 52. 51. 48. and 36. Percentages of motile sperm 

follo"!ng thn"tng at 4. JO. and 60�C "ere J6 5. 46.0 and 48.6 Acrosomes n:tcn11on 

also was l>ctter pn.·<cnc\ with tlw higher thnw tcmrcrn1urcs. A second experiment. 

strmlar in design lo the firsl one. was conducted wnh "hole cgg-tris nlcndcr. '!he 

besr n,sul!< "ere 111 1,holc egl,!-'lri< conlaming O 125% detcrgcm "here l)O<Hhaw 

motik spcnn of 70.4°0 g,.,,1ll) exceeded 30 7% without �idiu1n and tricth11nolmninc 

laul)'I sulfate Fer! 1 h1} of sp.-nn fm,:en 111 ) nil...- Fns-detcrgcnt wa.\ cqu1, alcnt to "hole 

milk used as a cornrnl. 
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Fi._.,,, and lmrfull 1·1 uf (1989) found that 11K- po�t Iha" survival of 

spermatozoa rnn he mnUC11<:C'tl h) the "11) m 11h1d1 1;l)l"Crul is adtkd prior lo 

fri .. 'evmg, but p,.><i! Iha" spemmtoma mot1lit} and at.rusomal nnq;rit) can be 

mmntm""d even after mp,d decrease in l(l)n•ml conccnmmon In the c,perimcnl the 

c.-.nccrnrntion ofgl�ccrol \\.L� adJusicd to 4 ( pnot to frcc,mg m one <lcp addition al 

llY'C (1'kthod I). hy cooung the semen to s�c and lllld1tror1 oflhc gl}ccrot 11rn<luullr 

over 10 111111 (Meihod 2). b� 1>11c step additirn1 ofl!l)ccrol prior to cqurhbraucn for 2 

hrs(Mclhod 1).or b) cooling to S' C foflowed h) a holdmi:t pcnod of 2 hrs ot s�c imd 

the one vtcp ndtl,tnm of glycerol JU.�! pour lo fn.-c,ml! !Method 4) After thm,ing the 

1il)ccml conccntranuu of ilk., semen wus n.-ducl-d h) ,tcp" l'IC dilution from 4 lo O 40,• 

over 15 or 10 mm ur '» a t•ne·�l..-p ten-fold d1luuon Wilen averaged over tile method 

of gl) ccmfallon th!., po�t thaw pcn:cma� of moulc spcmmto,oa { 4 l 7-44 2",o) and the 

percentage c•f intall ncr,,�>mo:. ... ('6 8-59 �·'•) did 1101 d11Tcr �1gn1fitanll) 111 semen 

'illhjec11.'t.1 w gradual do:.'i:rca..sc m gl)ccrul conccrurauon and d1luco1s osenolality [over 

IS111id �Omm)nrh� 11onc-�1cp. lO-foldd1luhun 

l'cn,1 t'I ul \ 19981 u� four d11lcrcn1 conccrurauons of glyt.�rul m a tris­ 

fn11;lo'<C cimc ,te1d extender for fro,cn dog ',C.>r,1cn 11,id che effects of add1n11 glycerol m 

l7 (. or .i�c. h• the extender "c:n: siud,cd h) monllonng the post-thaw sperm 

[Q1111c• it) nnd uuo�,m�I 11HC:l(nl) durmg mcubanen al 39'"C. 

Momcr ,,, ul (2002) used .,.. glycerol to study the elTects of method uf 

Jl)cerol adJ1tion 111 n.nn spcmmto,.oa. Ille mm s.:mc:11 was di, 1ded mto 2 aliquots and 

drhucd with cormn-,n:1al c�1c1Kk� that 11-,n:, 1dcnt1cal exccre that one C(lntainl'd '79/i 

lllyceml In a S<.'turid c�pcnml'n1 nun semen was prcpan'd for cryoprcscrvauon by a 

on.: step d1hmon 1111h '79o 11l)ccrul or gradually with • 2 step protocol lo te:st the 

h)po1hcsis 1hu1 !he method und nmc of glycerol addition alTccts spcnn quulity aflcr 

fm:,mg and 1hu1\111g lhc) found 1ha1 the: pm;cncc of glycerol did not alTc:ct the 

11iu1hly of fresh sperm. h,r cr,uprc,;cr,cd spenn. the method nf gl)�Crul addition also 

did ont affect 1hc q1�1li1} of 1ha11cd sperm. I hJ\1c,cr a decrease in spcrru motihtJ und 

I mhllny occurred Jue 10 the duration uf 1111,t- ,n e'\tcr>dcr 

l hun l'f al (200::.0) m.cd drffcreru temperatures for Cl)11pn-wna1>11n usmg 

f n• cg11 yolk-curate c-crendcr and Bmphu�·plu� In method a\. the} used In� egg yoll 
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Ill. extender and packaged at -4°C. In method 8. they used Tris egg yoll and packaged 

al room !cmpcralurc between 18 and 22°C In method C. they used B,ophos-plus as 

extender and packaged al room tcmpcramre. They compared the three methods usmg 

post-thaw motility. vrahihty. morphology and osmotic resistance as semen quality 

parameters. Al! the laboratory pan,mctcn1 investigated were segniflcantly better in 

method A and B compared to method C. Bui there Will, no any difference bctWt'Cn the 

cryoprcscrvation done at 4°C and I 8-22"C. 

Wc,;.wl and Ball (2004) investigated the effect of stcp-wtsc dilution for the 

removal of the pcnncming cryoprctccr.mt. glycerol. from both fresh and 

cryoprescrved t'quinc spermatozoa on their motility am.I viability. There were 

sign,lica,u (I' < 0 OS) effects of osmo!alhy 1111d dilution method on both totul and 

pro11rc��i\c motility as 1,,..11 as viabrluy in fresh spermatozoa. Wi1h the rapid. one-step 

dilution bcini; si11ni ficuntly more dcmmerual lo viabr luy and mctllity. compared Lo the 

fixed molarity and fixed volume-dilutions. With fro7l'n-thawcd spennamzoa there 

were significam effects of stallion on totu! and pro11re!>Si1c motility of spcm1ato1.oa 

af'tcr crycprcscrvation nnd 1hawing: however. treatment (type of dilution af'ter 

1ha11in11) did nor alfcc! pest-thaw motihty, These data indicatelthat rapid. single-step 

removal of glycerol from fresh equine spermatozoa results 111 a post·hypcrosmouc 

stress that is characterized by a reduction in both 111011lity and membrane intelll'ity. 

This post-hyperosmeuc stress can be reduced by a step-wise dilution for removal of 

glycerol. which unproved the maintenance of both monluy and mcmbronc inlclll'ily. 

However a similar hcncfil for srep-wlsc dilution for removal of glycerol ww; not 

obscr.cd in cryopreserved equmc spcnnatozoa. 

Santos cl t1/ (2005) studied the effects of different cryoprotcctanLS and me 

temperature of addition on the survival of red deer cpididynml spermatozoa. They 

evaluated the effects of four most commonly used cryoprotcctanls (Cl'As). 

Gl)'Ccrol(G). Ethylene glycol (EG). l'ropylcnc glycol(PG). and Dimethyl sulfoxide 

(DMSO). on the sperm surv ival. They also studied the effects of two temperatures of 

CPA addition 22QC (ambiem temperature) and S°C on spcnn quality. For each 

temperature spenn samples were evaluated after O. 15. JO and 60 min of spermatozoa 

exposition to CPAs TI,c sperm qualities were judged in vitro by nucroscopic 

essessmcms of individual spenn motility (SMJ). and of plasma membrane (viability) 
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arid ncrosorne (NAlq ,mcgrnics. Over.ill. OM',() shcmcd \he highest toxicity for red 

dl'er cpididym;,I �pcrrnatuma. urn! glycerol 1hc lm,cs1. !heir results showed a 

diff,:rm1ml rc�p,.msc of acrusomc rncmt>rnnc 10 temperature of Cl'As adtlitiu11. 

Rcgardlcvs of the Cl' A used. w11,s11cnlly sigm ficnm {p<l).05) \\Cl'l.' found between the 

t"{) tcntperruurcs of udditron ol'C!'As for ucmsomc nucgril). lhc best hdng the 22°C 

(NAR 10.11°0 ,�. 6'>.11%). I knee. the cxpcnmcut indicated that sperm quulily of red 

deer cpididyrnal spcruuuozoa, "' nddiriun 10 be affected by the cryoprutccmm. can 

al�l Ix- inn uenced hy the temperature "t "luch (' l' A, ure t1ddcd prior 10 fn:c,ing. 

Mnriu ,,1 "' (2006) cump;,rcd different cry"pr<HC<..U,ms 1111d studied the effect 

of the rcmpcnnurc of udd 11 n111 ou lhc Mlrl 1, 111 of lkd Iker I· pidid) mul Spcmumvon 

wnh the aim ol finding un i.Jcul V}t11m11cc1m1t in :1 wntnhlc conccntmtion for red deer 

epuhdjmnl spcrnu111uoa prcs,·r11,t•on. lhc} evaluated the cffcce, of four moM 

common!) used cr)o1'r1>1, ... 1:m" (( l'A,). (il)ccrol ((i). Llh)lcnc glycol(I G), 

Propylene gl)cul (1'0). nnd Dimc1h)I �ulfo�idc (IJMSO). un the sperm survrvul 

lk"<lcs. the ctli:c1 of twu tcm111,;rnlurc of ( l'A uddiuon ire (emblem tc111pcrn1ure) 

BOO 5QC-i•n vpcnn 411alily were :,1-..., 1<·,1c<l I or each tcmpemturc lc<!l'd. sperm 

wnrlcs were c,,duu1cd utter 0. 15. 30 uud 60 min of spcnna101.oa cxpceittun to 

( 1'1\\ Thus. sperm qunhty "11� ,·11 vttro Judge(! hy mtcruscnpic assessments of 

1nd11 1dual sperm nuu ii it) { S"- 11 ). und of pl;*'m,1 membrane (Viability) and HCm:,omc 

{NAR) in1c�nt11:�. Uvcmll. DMSO showed the l11ghes1 to�ki1y for red Jeer 

q,1J1Jynml ,pcrmu1<11oa. nntl glycerol the Jo"csl. Fhus. u1 60 m111 of incubution SMI 

rtsull� sho"cd th:11 1hc toxic11} to red deer cpidid) mul spcn11a101ou of !be four Cl' As 

11'1: in Ilic follo\\11\g sequence: C, I·(, l'G ": UMSO ('le�� rhun" symbol meun I'� 

00� und upprux111mlcly �y111t,,,,I means I' 0011). J·urthcnnorc. our result ul'W.! shewed 

• different response nf ncrocomc membrane lo tcnrpcrmurc of Cl'A� addition. 

Regan.lie'-., or1be l'l'A used. �tulislicall} s1gnilkPlll vanancns (I'": 0 OS) were found 

between the 1110 rcmpcrcrurc ol addiuon of Cl'A5 for acrosomc mtcgnly, the best 

bcmg 22°C (NAR In 11% "· 69.H'o) lhesc darn indKaleJ that sperm quality of' red 

dn.,- epidiJymal �p,.·nn,11ow;,. m a<l<lition lo fit: affected hy lhe cryoprotectarv. can 

also he• urtlucnccd h} ihc tempcmntrc ut which Cl'As arc udded prior to frec,ing. 
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2.3. Dual or I rip Lt staining for acrosomal inlqrity 

Didion ,,, al (1989) explained a simple dual stain procedure (OS) for 

s,multanoously determining sperm \"iability and acrosomal status. The DS includes 

the use of the "ital stain trypan blue to dctcct live and dead spmnato:roa and Gicmsa 

10 detect the presence or absence of an acrosome For stammg. spermatozoa arc 

washed. incubated with trypan blue. washed. dried onto slides. and subjected to 

Grcmse. Dead spermatozoa stam blue in the post acrosomal region ...,hilc live 

spennalowa remain unstained. The acrosonu: 5tains hght purple-dark pink white 

acrosornc free sperm n:rnam uru.t.ainc:d. This staining pattern enables differentiation of 

spermato:r.oa whach have undergone a true acrosome reaction (TAR) from those which 

have undergone a fal!>!: acrosome reaction {FAR). Incubation of bull. boar. ram. and 

stallion spermatozoa for 60 minutes at 37"C m !ht presence of calcium ionophon: 

increased the proportion of spermatozoa undergoing a TAR in all species except the 

stallion. lncubanon of bull spermatozoa for up to 24 hours at J7"C resulted in a 

decrease OH'r time in Lhc percentage of li,e acrosome intact spermatozoa and a 

simultaneous increase in the perecniagc of spermalozoa categorized as having 

undergone a TAR and FAR. The DS could be a useful technique in e,·aluating sperm 

,iability and acrosomal status in fCTtilization and clinical studies. 

Kovacs and Foote (1992) developed a practical and reliable staining 

procedun: to distinguish the ,,iab1li1y and ...,rosomal status of bull. boar and rabbit 

spermatozoa llie first stain \\ith trypan blue or Congo red is rapid and avoids 

artifacts This staut is precipitated b) neutral red during the 2 min required for 

fixation The precipetate gives a high contrast black color. resistant to the subsequent 

risings and persists during the lune required for staining the acrosome with Gremsa. 

Ten classes of spermatozoa an: distinguished (live or dead w,Lh intact acrosomcs. 

loose acrosomes. damaged eoosomes. no acrosome. or wilh no acrosome and no 

postacrosomal nng). The 1nla(:t acrosomcs an:- purple. the loose: acrosomes are dark 

lavender and the damaged acrosomcs are pale la,cnder. "The anterior pan of the head 

of 11\·e spermatozoa "ilh no acrosome rs white or light pink and same of dead 

spermatowa is white or pale gn:). The postacrosomal ring is red. The postacrosom.al 

an:a of the head of live spermatozoa is white or light pink and the same pan of dead 
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spennmu1oa is black. dark I inlet or grn}. 'I he procc<ltm,: did nol give satisfactory 

l't'Sul1� for stallion spemuncvoa. 

Sidhu <'I al (!992) d<:'i<.r1bcd a suuplc dual stuinmi; procedure for detecting 

the true ncrosome reaction in dncd smears orhulTnlo spermatozoa. Trypan blue was 

used fil"i1 to diffrrcntiulc li,c from dead •Jl'l'nnn10,011 and the dried smeurs which lmd 

been prepared 1\l'I\' stained "ith Gicmi.u for ucrvsonw evaluation. Four cutcguries of 

spernuuozon "<'I\' rc�ogni,cd. AJ live. 111rnc1 ucroscmc (scrosomc pink. post nuclcnr 

mp clcurJ. BJ <ll·ad. inluct ncrosourc (11croii\,mc pink. pmt nuclear cup blue): CJ li�e. 

detached nero-omc (;1crusomc clear. po�t nuclcur cap clear), nnd DJ dead. detached 

ececscrnc fn<·m.,.,,nc clear. posl nutkur cap hluc). rhc pn�cdurc "I'S simple, rupill 

and convenient lhr us!>C�sin11- true 11cro!><.)!HC reaction in bulfo)o �pcn11u1um11 

'imrnlmncous ,,s���mcnl of ,perm \ i11b11i l) and ii� ncrosomet MUIUS in dried smears 

make, 1h1� procc<lt,rc :,11mc!hc because the 1r11c 11emso11,c reeeuou cun be snghcd 

thoro11J:!hly 111 a later �lute 111lcr the mcubnunn period 

I umul i uml Wutso11 ( 1994) used l \\ u cumnxm srninini. techniques. niim�m­ 

eosin (NI·) nnd the G1cm,1 suun in order 10 dctcnninc ucrm,omn! S!llll�� i11 l11c 

spcrmatu/ou. I le found no \ii.nificmn diffcnmcc between pruponions of Iii,: lx�,r 

�p,:rrnu101ou determined h) lhc NI' 1cch11ique u1u! the nigrcsin-eosin-Gicmsa (NI 0) 

!L'Chniqu,; lie nt-o compared lhc pmponion of live s1,crnm1010:1 determined by NI G 

l,'Ch1114uc w,th th,· rcsu 11� of ll uorcsccm \ i11bi lily ,11,i11�. cerboxynuorcsccin dleecunc 

m1<l propidurm mdid" I he dufcrcncc ahhuui.h ,1i.nintu111 (!)':, 0 01) was erunll. 87•4 

(NI Cr) vs IIO'l. (Cl·DA/l'l) /\crusmnnl nltcrnuuns. <lctcrminl'<.I by differential 

m1cr(cre11,c coutrast nucmwopy untl b} the Nl·G technique tlid not dilTcr 

,111n1[k11ntl) lhr hoar or nun �1,cnnmo1tm. '1 hb novel staining technique i, capable of 

dctcno1111111!- lour catcgoncs of ,p,,nnalowa: live eerosomc-nnacr. live scrosornc­ 

rt'11C1l'<.I or da111;111cd. dead acresomc- intutt 1u1d ncrosomc reacted or <lam aged. J le 

C\pl,Hrtcd the method 1n be very sirnpk lu 1>erfnrm requires unlr basic equipment and 

appears extrcmcty rdiahk 

Wa) 1.'I 11/ (1995) compared four �tam,111:1 procedures for snnuhancously 

assessmg , rnb1lit> mid aero,om"I ,ntcgr•t) of bovme. ejaculated end cauda 

<'p1d1dymal spermatozoa (CLSJ "ere n�luJlcd F1t�I green FCF/eo�m 8 (fGILIJ), 
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sativum agglutinin (PI/PSA) were compared with naphthol yellow and crythrosmc B 

(NY/EB) and E-Ab as standards for acrosomal imrgrity and viability, respectively. 

Floth ejaculated and CES samples "ere incubated w,th heparin (10 µg/ml: 5 % 

C(h/a,r: )9"C) for 4 h Lysophosph,uidylcholinc was added to spermatozoa to induce 

the acrosomc reaction in capacitetcd spcnnato,oa The sperm cells were then stained 

by the diffcrcnl methods and evaluated a� enher mtact Jive. inmcL dead. acrosomc­ 

reactcd live. or acrosomc reacted dead. The results indicated that FG/EB. E-Ab and 

rVl'SA stnins provided an accurate assessment of both viability and acrosomal 

imegruy for ejaculated spermatozoa. A\1hough 1'1/PSA was a reliable method or 

dctcnnining viability and awcsomal integrity of ejaculated and cauda cpididymal 

sperm cells. it was not suirnblc for use with spcnnatozoa ca[)llcitat�'d with heparin due 

to spcnn ai;i;luunation. The F-Ab stain. which "as originally used to dctcnninc 

,iabihty only. was also found to be suitable for dctcm1ining acrosomal intcgnty of 

both ejaculated and CES. when di!Tcrcmial imcrfcrcncc comrast microscopy WllS 

-,. 

Garde t:I fll (1997) dcscnbcd n procedure for simultaneous evaluation of 

spcnn , iability m1d acrosomal stmus in fixed deer spcrrnatnzoa. Tlus technique. whlch 

is a modification of 1hc triple-stain technique (TSl) developed for hum11r1 spcnn. 

uti hzes trypan blue to idcmif) the pcrccruagc of live spcml in culH.m: and subsequent 

s1ai11ing of Ii xcd sperm lo dilTercn1intc the acroscme. four classes of deer sperm can 

be distini;uishcd wuh the TST: (I) llvc unreacted sperm. (2) llve acrosomc-reactcd 

sperm (1mc ucrosomc reacuon). (3) dead unreacted sperm. and (4) dead acrosome­ 

rcactcd spcnn (false aceosomc reaction). The study shows that the acrosomc status 

can be detected ci1hcr by TST stain or by phase-contrast rmcroscopy {,-. 971. p<. 

001) and that TST docs not differ from 0.4% trypnn blue in its ability to identify live 

and dead sperm (r'*. 995. p<. 001 ). This staining procedure enables difTcrcntiouon of 

spcm1a107oa that haw undergone a true ocrosome reaction (TAR) from those that 

have undergone a false ucrosomc n:action (FAR). In this way, mcubation of deer 

spermatozoa lor 30 min a! 37d'C in the presence of calcium ionophorc A23187 

increased the proportion of spcmiatoioa undergoing a TAR. Spcnn incubated m the 

absence of A23l87 undergo the TAR at o much lower rate (p<. 001) than those 

incubated m lhc presence of ionophore This stain procedure was also used to study 

the time course of the true acroscmc reaction of deer sperm m vitro. Incubation of 
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the nruc course of the true auown1l· reaction of deer spcnn in vuro. Incubation of 

dc.:r spcnn:1\1uoJ. for up 24 h m 17°(' rcsullcd in a decrease in the percentage of live 

ocro!><11nc·inlnc1 spermatozoa and u smmlmnc'OUS increase in the percentage of 

spermatozoa rnll'guri,.cd as h:" ing undergone a ·r AR and FAR 

Nag) et of (19'>9) ,·valuated �11'.'ffll 1;11! membrane intcgruy b) light 

micrusi.:op). During routine cvatunnon oftl)pan blue Gicms., steined semen smears. 

sperm cells cnn be found with unstained heads Md with stained 1ails. h was 

hypo1f,.,�i,:cd 1hal these cells "en: inuuoulc and should not be wn,idcred Ill> alive. 

Spcm1 nm1ility was determined in iso osmotic and pn:sumab!y isotonic trypan bluc­ 

stamed 1',Cl prcparut,un. Bull. ram and boar semen smears were stained with 

h)poosmotic lrypan bluc-Gicm'\J In rnmp..tre lhe n.:lano11ship between lhe pcrcemage 

of stained sperm tads and the p,.·n.:cntagc nf sperm tai Is remaining straight under h} po 

O$molic condition i\chvit) moving spermatozoa v.ith unstamed heads, hut wuh ld1l� 

were never ubscrv cd in wet preparation 'I he currclallon codlicicnt found bet \\l'l;11 lhc 

percentage of sperm with stained tails and the percentage wuh stm1ght tails "11s 0.81. 

0 94 and U 115 for bull. ram nnd hoor spermatozoa. rcspccuvcly. Results of this study 

show that ,pcm1 ctclls "ith an m1acl head membrane. bu1 a stained nnd presumably 

mcmbmnc-d.unagcd tai I arc 1101 mot,lc. '1 herd ore thc,;c cells should be included 111 

the dc.111 ca1cgor} mt her than al Ive in the usual hvc-dead studies 11i1h vital stains. 

Nagy,,, ul {2001) evuluarcd the membrane lmegrit} of fro1.cnllh,1'1cd deer 

spermatovon. i\ simulmneous live/dead and acrm,omc stammg. ongmally described 

for domestic mammals. \\J.S �ucccssfully apphcd 011 red deer (C<'rms <'illplm,) and 

folio" deer (/Junia d<1mu) �pcnnato1,o.1 collcctt.'<.l from the cauda epididynudis and vas 

dcfl'rcn� or shot stags. Ihc �ta111111g is simple enough for routine application. Seven 

classes or <pcmmtu10J. "ere distinguished in the smears of fro,.cnllhawcd semen 

samples. Morpholog}. indudmg cytoplasmic droplets. was evaluated as well. 

Pcrtcntagc of Ille cell� with intact ucrosomcs and with no other morphological might 

be pracurnl indcx nf semen quakty. 

Rasul et 11! (2001) �tudied mohon <..harru:tenst,cs. plasma membrane 

integrity. and 1,cm'>{Hm,> morphology of buffalo spermatozoa after differcm sreges of 

cryoprescrvauon (i c .. dilutmn. coulmg to 4"C. cqurubmuon at 4°(. and frcc7ing and 
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diluted in tris-cnric acid extender. cooled to 4°C over 2 hours. cqu,hbratcd at 4°C for 

4 hours. dispensed into O SmL straws. and fro,en in a programmable cell Ireezer 

before plunging into liquid nitrogen. Frozen semen was thawed al 37°C for 15 

seconds. Aller completion of each stage. sperm molion ctmrnctcristics. plasma 

membrane integrity. and acresomal morphology v.crc dctcnnincd using computer 

assisted semen analysis. hype-csrnotic s"'clhng assay and phasc-comrast microscopy, 

respectively. Data "en: prcscmcd as mcan e standard error of the mean. Visual and 

ccmpmerizcd mot,lity did not differ due !O diluuon. coohng. or equilibration (77.3% 

± 2 3% and 90.5% ± I 2%.rc�pccthdy).bul wa.� rcducc<l (I' 5 .05) after free1ing and 

thawmg (53.0% ± 4.6% and 48 6% ± 6.5°/o,re�pcctively).Lino.'llr motility of 

spcmia101.oa was lower (I' :5 .05J alkr dilution or equilibration (56.2% :I: 2.4%) than 

after cooling or frcc;r.iny and lhllwmg (79.6%% :I: 1.4•!.).Spcrm curvilinear velocity 

was reduced (P 5 0.5)from 112.4 :I: 5.J µntlscc after dilution to 96.0 :I: 5 8 µmis after 

cootieg, and from 87 6 :I: 4.1 11111ls after equilibration to 69.4 :i: 2.0 µml! after frcc-1in11 

and thaw mg Spcnn lateral head d1splaccmc1H di1Tcrcd (I' :5 .05) after each sta11c (l.e., 

dilution. J.9 :I: 0 2 µ111. cooling. 2.J ±.0.2 µm. equilibration, J.1 :I: 0.J um: and fn:c-1in11 

and 1hm,in11. I 7 :I: l.2 1un). Spcnna101oa with mtucl plasma membral'IC:S were 80.2% 

:!: J.9"t after drluucn. reduced (I' :5 .05) to 60.4 o/t:i: 5.6% after equilibration. and then 

to 32.6o/t ± J.11% after frcci.ing and 1ha1\iny. The percernagc of sperrnetozca wuh 

nonnul acrosomcs remained hii,;h<'r after dilution, enolmg, or equllibretion (73.2"• :1: 

2.4%) than after frcc1ing and lhlll\ing (61.8% ±2.4%; I' 5 .05). In conclusion, the 

maximal damage 10 the moriluy apparatus, plasma membrane, and acrosomal cap of 

buffalo spermatozoa occurs durmg frt:c1m11 and thawing followed by cquilibrution. 

Rcvuy ct al (2002) the \iability and sex of bovine spcnnatowa were 

smtuhaneously ewluaLcd. After \,ability and ecrosomc stainin11 with trypan 

bluc/Giern:,a, only live spermatozoa became dccondenscd by a modified papain­ 

dhhsothreitcl method. Owing 10 this specific effect. li\c sperm heads wen: easily 

distinguished by their enlar11cd sii.t: and derk violet color from small, llght blue dead 

spcnn heads. In the same spcnn sample. X- and Y-chro111oso111c-bcaring sperm "ere 

distinguished by 1hc1r fluorescent si11naL using nuorcsccnce fr, 5i1t1 hybridization 

(FISH) with an XY paint set and 4.6-diwnino-2-phcnylindolt: ccuntcrstatning. The 

combined staining provides a method for morpllolo111cal and viability evaluation 

before F!Sll and permit� idcntilication of the proponions of X- and Y-chromosome- 
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containing lhc spermatozoa in a semen sample. However, only 25o/• of the 

undecondensed dead sperm express signals allowing detection of the sex of the 

chromosome The method may be an effective 1001 in evaluating sex-oriented semen 

samples 

Nagy �, "' (2003) demonstrated a triple stain now cytomerric method 10 

assess acrosornc integrity of cryoprcscrvcd bovinc sp,crm. ln this study a new triple 

stam combmation was developed for the sunulteneous eveluauon of viobihty und 

acrosonml integrity of bovine sperm processed in egg yolk based cxtcndcr by !low 

cytomctcr. SYBR·!-1 propid1um iodide enabled the d1scri111ina1ion of sperm cells from 

egg yolk and dcbns particles. 1\hich was instrumental for the flow cytometric 

armlyscs of trozcn thawed bovine sperm. because it implied that washing steps 10 

remove cgi: yolk were no longer rcquued. ln IWdilion. phycoceythrin-conjugatcd 

peanut agglutinin \\US ueed 10 drscnminnte ucrosome-damngcdrreacted sperm cells 

from ucrosomc mmc1 cells. 

Ocnlc (2003) studied changes in acrosome morphology during cooling and 

frtt1.1ng of do11 semen. Sixteen semen samples. cotfecred from purebred beagles over 

a period of 12 month�. were diluted, fro1.�·n und thowcd. In an aucmpt lo minority any 

changes occurrin11 to the ecrcsomc during processing, smears made at various stages 

of the h:md!ini; procedure wen: stained \I hh Spem111C stain 11nd examined under 

HXIO>< magnifka1ion. Most ucrosomul damage appeared to occur durinii the 

fn.'i:1.c/1tm,1 processes. Spcnn mot ii ity did not correlate well with acrosoma! integrity. 

Feng cl ul (2004) tnvesngercs the c!licacy of flvc extenders in contributing 

10 the outcome of semen cryopn:scrrntiun in Formosan S1ka and Sam bar deer. Pooled 

semen (n"'4) of slx males of each breed was used. In sil.u deer, semen collection rate 

was 96'Yo (23124) ever ull eleciro-ejaculations Volume. sperm mo11lity and sperm 

conccntn11ion of fresh ejaculation was O S *  0  4  nil. 77 * 6% and 1471.3 * 940.0 >< 

106 mr1 respectively. Pest thaw mo1ili1y m respective C'(tcnder WM A: 66 * 16%: b: 

71 ± 2%. c: 73 ± 6°1.: O· 9 ± 40/. and E: 26 ± 12% (mean± S D.).ln extender C (74 ± 

14%) more I iablc spcrmatoroa were preserved than in the other (A: 64 ± I 0%: B: 48 

± l 1%; 0: 41 ± 16% : E. 47 ± 6!1.: P :5: 0 05). Acrosomal integrity was not inOucnced 

by extender composuion. l'm.t tha\\ motility did not decrease during a 4-h incubation 
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period. irrespective of the extender used (/' :2: 0.05). In Sam bar deer. semen collection 

rare was 88o/o (21124) over all electro-ejaculations. Volume. spenn moc,Hty alld sperm 

conccntranon of fresh ejaculates was l 3 ± 0.5 ml. 82 :t. 4 % and 379 I ± 252.2 >< IO� 

mi-1 
• respectively. Post thaw viability in extenders A (70 ± 7%). D (76 ± W•) and C 

(79 ± 2'¥.) was higher than that D (25 ± l 9%) and E (29 ± 17-/.) (P !, 0.01) Sperm 

acrosomal integrity was belier preserved in extender 8 (86 ± 4o/•) and C (83 ± 4%) 

than in t•xtendcr A (54 ± 13%). D (39 ± 22%) and E (46 ± 22%) (P :S 0.05) Post-thaw 

sperm lcngcvny in extender A reduced from 69 lo 16% during incubauon (P :S 0.05) 

11hercas onl) a slight decrease' \\as observed in the other extender after 4 h. m 

conclusion these data show Ihm egg-yolk-Tns-Tes-glycerol based cxteoder C 

containing Equcx STM paste rs optimal for freezing semen of Formosan Sika deer 

while egg-yolk-Lris-titric acid-glycerol based extender 13 containing Equeit and 

extender C arc superior in semen crycorescrveuon to other.; for Formosan Sambar 

deer. 

Kutvolgyi n al. (2006) narrated a simple trypan blue-neutral red-Gremsa 

staining procedure for simultaneous evaluation of ecrosome. sperm head. and tail 

membrane integrity and morphology has been used to evaluate equine spermatozoa. 

Some special characteristics and problems have arisen in evaluating stallion semen. 

One probkm was the differentiauon of mtact vs. damaged sperm tails pnmarily in 

Ieozcn and thawed samples Aller freezing and ihawlng, a high percentage of 

spermatowa with an unstained head and sramcd tail were observed These cells arc 

considered immotile Therefore. unambiguous differentiation of intact vs damaged 

sperm trul membrane is very important for evaluating semen quality. The aim of our 

study was 10 develop a method especially for stallion sperm to distinguish more 

accurately Lh<' drffcrem cell types. We compared Chicago sky blue 613 (CSB) to 

Lryp;m blue (Tl3) for viability staining CSB/G,emsa staining showed good 

repeatability and agreement with TB/Giemsa measurements. For densitometry 

analysis. individual digital images were taken from smears stained by CSB!Giemsa 

and by TB/Giemsa. A red-gn.-en-blue (RGl3) histogram for each area of spemiatoma 

"as drawn D1ffcnmces of means of ROB values of hvc vs. dead tails and separate 

live vs. dead heads from ea,;:h photo wen: used to compare the two staining 

procedures CSB produced sirmlar livefdead sperm llcad d1fferentia1ion and bener tail 

differentiation, TB can be replaced by CSB and this results III more reliable 
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evaluation. After smining with 0.16"• CSB and 4 mm fixation. 2.-.4 h Giemsa staming 

al 25--40° Ci� r.:,conuncmkd for stallion semen. 

Jankcvicova ti 11/ (2008) used two staining methods for cvaluatini,: 

acrosomal and viability status of bovine spermatozoa. Aruflctal iOSl'm,nauon with 

frozen-thawed spcnnatozoa is commonly used m caulc breeding. A simple and fast 

procedure is needed for routine evaluation of the acrosomal status of frozen-thawed 

bovine sperm. Therefore. the purpose of this study was two stammg procedures used 

10 determine the viability and of acrosomc of froten-th.awcd bovine spermatozoa. 

Double staining and l loechst/FITC-Pm1m su11rnm a!{Xllllinin (FlTC-PSA) labeling 

\\t"l"C tested for evaluatmg the viability and acrosomc reaction iJlduccd by calcium 

ionophorc of bull spcrmahn.oa. In our experiments oo significant differences were 

dck'Ctl':d m the frequency of acrosome-n:acted sperm either by double staining 

(37.98%) or by FITC-PSA labding (39 33o/o).The viability of sperm stained by the 

double stammg method "as 67.17%. and a higher portion of viabll': sperm (82.67'-'o) 

was observed by staining with the I loechst procedure (P :5: 0.01 ).On the basis of the 

resuh obtained it is concluded LhaL both methods can be used for detecting the 

acrosomc reaction of frozen-rhawcd bovine spermatozoa 

Rubio el al (2009) explaint'd Lhal plasmatic and acrosomal membrane 

1ntt'grity can be u.,;ed a� valuable mfonnauon for detemtimng sperm quality because it 

is Important to know the morphological and func11onal role as cellular delimi1a1ion 

and m cfl'ccli\c cell interactions The study was aimed to dctermme cryoprescrvation 

effects on sperm percentage of vitality. number of damaged acrosomes (DAR). the 

structural and functional sperm plasma membrane integrity in five fresh ejaculates 

and 5 thawed straws of 5 bulls by using Eosin-N,grosm stain. Significant differences 

were found on �cmmal quality parameters between thawed and fresh sperm. Frcezing­ 

Lhawing procedure had detrimental effect on the integrity. 

2.-1. Apuplosi� uf sperm 

Anzar cl al (2002) studied the effect of eryopreservation on bull sperm and 

to test the relanonship between apoplolic sperm and fertility potential of semen The 

study was conducted lo detect sperm apoptosis in fn:sh and frozen semen and to 
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determine its rcl.uionship with bull fcrtrlhy. 'I hrcc cjuculotcs "ere collected from flve 

breeding bulls "ith dilTcrcnt lt'rtili1) levels aml were cryeprcservcd usmll standard 

methods !\\(> no" cytomctrrc mcthc)(h "ere cmpluyt>d to measure npoprcsis. an 

ass.i) for phosphatid)lscnnc (l'Sf truuslocmion ncross !he plasma mcmbmnc, u,i1111 

fluoresccm-Iabclcd Annnm V and propidruru 1oth<lc (Pl), nnd an lll>SIIY for nicked 

DNA u�111g hromodcoxyuridinc (JlrdlJ). 1crminnl deuxynuclcoridyl transfernse. and 

lloercwctn-lubelcd anh-lJrdll mm1odonal antibody. lJ01h assays showed that fresh 

�nn contained l(�. 20% apopto1ic sperm Stgniflcant differences in the percentage 

of apoplol1c sperm were uh',l_•nc<l among the bulls Cryoprcscrvatiun induced 

lnmslocn11011 of PS to the outer leaflet uf the plasma mcmbnmc and caused mrn.L of 

Lhc: recrouc cdls in Ircsh sperm Lo drshuegnuc llull fertility Wll� �ignilicantl) related 

to the percentage of necrotic or viable sperm in frc�h semen 11.1 detected b) lhc 

Amicxm Vfl'I ·"�)'. 10 the 11u,nb1:r ufup11pl11li1- sperm m fresh semen 11� detected by 

the I lJNI·! nssuy, and to the Incl of chrumatin ur DNA ccndensauon us dc1l�lcd by 

l'I slammg ·1 he pre-cnt stud) suggcste 1hul lhc presence of apoprcnc sp,.:nn11to�oa in 

fresh semen could be one ufthc reasons for poor Icruluy in breeding bulls. ll1s <tlld) 

revealed thnt cryuprcservmion causcv fragmcntnlion of spennutozoa, 

01crcunden�1t1 iun of �(}Crmu101.ou DNA unJ sperm apoptu�is. A II 1hc,;c chungc� I ikcly 

to couulburc to the general Jeclinc in fcn,lit) tluu i, observed in semen !lllmples afler 

«joprcscrv ution. 

Mur1,n 1'/ ul (2004) reported 11ml apopto�i• can contribute 10 jhc fatal effect 

of cr)oprcSl.'n:,t1on on bovine sperm ccllc, /\ multipammclric study of cITc�t of 

llpOp!o<is un bovine sp,.:rm "u� ccndmtcd using now cytomctry. includmg 

muochondnal membrane pncnnel (DCm). caspasc ucti1·01ion. mcm!>nmc 

permeability. nucleus condcnsnnuu. DN/1 frugmcntution nnd phcsphatidylscriue (I'�) 

exremalcauou. L'ryoprcscrv.ulrm nnd or th:m1111! mduccd �•l!nilicalll changes in all 

e.poptolic markers 111 li1ing bull spcnn cell, exrcpt 1hn'-<' cunccmin11 !be nuclcuv, 

The) umcluded that cryoprcscrvation acts a� un apoptotic mechanism inducer in 

hm inc sperm cells. "here the c:1rlies1 but 1101 1hc latest tcaturcs or cell� undergoing 

apop1os1s occur. 

Chu, eiro c1 "' (2007) .issc,i,,1:d sperm apoptosie in cr)opri,ser.cd bull semen 

The techniques used lo prep;ircd b<i"nc spcrm11to1o;1 for in v,1ru fcrti!i1.atitm. to 

rnhancc the pcrtcntagc of nm11lc spcnn cells include the swim-up (SU) method. 
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among ochers. The objecuve of lhc present study was to evaluate the 

phosphatidylscrinc (I'S) translocation and plasma membrane integrity as the indicator 

of apoptosis and necrosis in post-th.JV, bull sperm aftt"r SU treatment using annex in V­ 

flooresccin rsothiocyanatc (FITC}propidmm iodide {P) as.say. A flow cytometnc 

stud) was employed re measure apoptosis levels on frozen-thawed bull spermatozoa. 

The assay detects PS translocat,on across UK' plasma membrane using a fluon:sccin­ 

labcllcd anncxin-V and Pl By using !he annecin VIP] assay four different 

subpopulauons of spcnn were observed (1) a population of apopcom:: sperm. labeled 

"ith anncxin V-FITC but now w,th Pl: (1i) a populatioo of early necrotic 

spermatozoa. sperm labeled with annc,cin-FITC and Pl: (iii) a population of necrotic 

sperm. labeled with Pl but now "ith annc)[in-FJTC; and (1v) a populauon of fully 

viable spcnn cells. sperm oot labeled with anncxin V-ITl'C and without Pl. Results 

clearly indicated that SU techniques itsc:lf could have !111 adverse effect on the 

spermatozoa membrane stabrhtj . It had also bttn found. significant differences 

between bulls in the level ofapoptotic sperm. aller SU 1reatmmL 

Onega er al (2007) studied on apoplosis like changes III cryopresen·cd 

equine sperm. The kinematics ofthc: apparition of apoptotic markers was studied flow 

Cl)omemcall) and by inmuooblot !ISSB)S in equine spermatozoa subjected Lo freezing 

and thawing. Caspasc ac1h uy. lo\\ mnochondrial membrane potential and mcrease in 

sperm membrane permeability \\ere observed in all the phases of the Cl)"Oprcsen·ation 

producer. Freezing and 1ha"ing caused an increase m membrane permeability. and 

changes in the panem of caspasc aclh ity; while decreases in mitochondrial membrane 

potcnual "ere obscn·cd after centrifugation and cooling to 4°C and after freezing and 

tha"ing. h is propo5Cd that the sperm miiochondria may be directly involved in the 

subtle damage Lhat is present in most of the: spcrmamzoa surviving freezing and 

rhawmg. 

Fe,tosa et al (2008) studied the: kincucs of changes in plasma membrane 

related to apoptosis and necrosis in bO\ine sperm cells at different incubation umes. 

Incubation time mducc damages m spenn cells by necrosis andlor apoptosis. The aim 

of this study was the e,.aluation of changes in plasma membrane related IO apoptosis 

and nccrosis m bovinc spenn cells through 2 beers of incubation. Spenn cells were 

incubated at 5% (,I,) COi in air for 0. 30. 60. 90. and 120 minutes. After each period. 



" sperm c<"II� were mcub.ued with lh1on.,sccn1 yo-pro and prnpid,um iodide (l'l) 10 

detect dmngc in plauua rncmbr.mc related to ,,poplusis and nccmsrs rt'Sf!l-'l..!i\Cly. 

Using > n-pro/1' J as,;a). thr<:c d1 ffcrem subpoput.u ions or sperm eel Is were dc!tttcd by 

tlm, Qhunclr). a) nccmtk spctrn cells (l'I' and Yn-Jm)· '): h) apoptotic spcnn cells 

tYo-pro' mid 1'1 ) 1md t) li,ing cells {Yu-pro 1uul l'I ). I he pcrc,·,nai;c or live cells 

(plasma membrane nucgrhy} sigutficumly dccrcu-cs uvcr 2 hours of incuhanon. on 

lbc uihcr hund. the p,:Rc111,1gc of nccmtk u11d npoprotic cells increase during 

rrcubanon Clrnngcs 111 plu\nm membrane 111tcgrily \\en., corrclukd lo incubation time. 

While lbe ,�II� ,,en, 11q:mi1cl) corrchucd ,1hh 1k Increase of incubation time. 

r1Ceros1\ am! U(}l1p10,is were fl')S1th cl> currclntcd. le v.a, al,;,, observe that necrosis 

"11s urc mnin d,mmge 111 ,pcnn cell, in 31) incubation 1101c. In eunclusiou. iucubauon 

11111c 111du,;c, clmngcs in ph1,m� membrane inlcgri!) rclutcd to necrcsie and npopto�is. 

whether nwro�I' 1, prcwru 111 h1gh,•r qu111l11l}' in nil im.ulxumn 1ime� 

Khun <'I ul \2009) ,111.J1L'<l ,1puplo)1� in lh:sh 11nd cryoprcscrvcd bulfolo 

sperm I h,· uhjcc1i1c, of the �111dy "ere (uJ culidation of 1mncxiu VII'! assuy for 

c�!im,1ln111 .,r ,perm 1tpop1o�i� 111 hulfolu fl xpcruncut I) and (b) dc1l'rmining the effect 

of �11>n1gc, ur rryoprcscrvuuon 011 spcnn opopwsi� and us ccrrctenon 1'ilh sperm 

111Qti111� und phmnu mcmtuunc 1111q1ril) (I xpenmcrn 2). ln b:pcrimcnl I. difTcrcnl 

le1cl� ol nr,optos,s were mhfici�II) induced in buff11l11 semen (100 • HI� 

ir,cnn/uliq11ul) through grad,-..! do....:� or co111pll!thL-c111 (5. 10 un<l 20 µMlaliq1,ol), 

lhghcr ccnccntrutions of cmnp!mhccin (!O mid 20 µM) suce�ssfull) i i '�  005 )  

11Kluccd upopt,,�1� us compared lo the lower (5 µM) dose nmllor control. In 

l·.�pcr,mcm 2, semen samples (11-9. three pooled semen samples fmm each of thc 

thn.-c huffolo hull� \\,pllrutcly) were cryoprcscrvcd using vapor frL-ctmg f"hc mcm, 

pcrcc11t,1gc uf upupto�1,. nccro11c om.I , ruble sperm did not di IT er between frc,h and 

before frce1ing >l.igcs !lm,c1cr. li'ec,dnir. nnd th1ming increased (I' < 0.05) the 

pcrcc111i111c of Jlx,pto,I\ sperm (25 4 ± 0.6 vs J6 5 .i 1.9) 11hilc decreased (I':<:: 0.05) 

the ncnotK \15 1 ± 1.2 v, 2'1.7 ± 0.7) und vrahlc sperm (37 2 ± I 3 vs. 32.8 ± I 9. (I' 

0 07). I ikcw 1,c. the mcm, percent motilit) nnd plasma membrane integrity 

dt.-cn:,t.;cd (I' :5 0.05) (64 ± 2.1 1·� 4'14 ± 1.3) and (796 cl: U.S vs. 38.7 ± 0.)) 

rc,pcc111cl}. 111 post lhilw wrnparcd tu other ,11,gc� CocfTidrn\ of correlation. 

cumhm�d at all stnge1 for each 1unJhle revealed tha\ sperm apoptcsrs "a� 1n1crscl} 
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rom:latcd wuh spcnn motility and plasma membrane integrity. It is concluded that (a) 

the anncxin VIP( assay can be used as a tool to detemnnc Lhc buffalo semen apopcosis 

and (b) frce11ng and th,l\\ing induces apoptosis in buffalo sperm. 

Bolanos cl 11! (201 l) recognilcd apoptosis as .i. cause of sperm death during 

cryopri,1,enac,on. They mvcsugated the role of apoprosts and autophagy dunng 

cooled storage of stallion spermatozoa Samples from SC\"Cn stallions were splitcd: 

half of the ejaculate was proces,;cd by smgl" layer centrifugation. while the other half 

was extended unprocessed. and stored at 5°C for five days. During the time of 

storage, spcnn motility (CASA. daily) and mcmbr.me integrity (now cyrcmetry. 

daily) were evaluated. Apoptos1s was evaluated on days 1. J and 5 (active cespasc 3. 

increase m membrane permeability, phosphatidylscrinc lranslocation and 

mitochondrial mcmbr.mc potential) usmg now cytomctry Funhennon:. LCJB 

processing was investigated by "est em blculng at the beginning and at the end of the 

penod of �loragc. The dt-.:rc.1i;c in spenn qu:1lity over the period of storage was to a 

l3flle extent due 10 epopros!s: single layer cemrifugauon selecred non.epootonc 

spermatozoa. but there were no differences in spenn motility between selected and 

unselected spcnn. A high percentage of �pcm1ato1.0a showed acuve caspase J upon 

cjoculation. am! during the period of storage then: "as an increase of apoptotic 

spermatozoa but no changes m the percentage of live spcnn. revealed by UK: SY13R- 

14/PI assay. LCJl3 WIIS d11Tcn:mi�lly processed in spenn aflcr single layer 

ccntnfugation compared wuh native �pcm1. In processed spenn more LCJB-11 was 

present than in non-processed samples; funhermon:. in non-processed sperm then: 

was an mcreasc in LCJB-11 afier five days of cooled storage. 111c results indicated 

that apoptosis played a major role in the spenn denth dunng storage m rcfngeration 

and autoplmgy plays a role in the survival of spermatozoa. 
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MATERIALS AND METHODS 

J.I. Locatton ofihe "ork 

The experiments "ere carried out 111 the mithun farm as "ell as in the laboratory 

of Animal Physiology Division of NRC 011 Mithun. ICAR, Jhamapam, Nagaland. 

J.2. E1perimenta11rnin111IJ 

A total of 5 healthy Mnhun bulls of 4 to 6 )Cars of age were used for the 

experiment. The bulls were maintained al individual pen at research farm of NRC on 

Mithun, Jhamapani. Nagaland. Indio. The animals "ere reared under intens1vt system 

and daily offered 4 kgs of concentrates (88% dr) man er and 15% crude protein) fortified 

wnh mineral mixture and salt The ooimals "ere also fed ad libnum mixed green forages 

(grasses. shrubs, herbs and tree leaves collected from the 11ra1ing area on hill, tcrrnin "'i1h 

]9',li dry matter and 1 I% crude protein) and dnnking wmet. 

J.J Semen coltectlon, E•oluatlon. Dilution 11nd Prescn·wtion 

Semen colll'l.'llon: 

A total of 80 semen samples were collected through rectal massage method. In 

this m<'thod seminal vesicles were massag�'<'l centrally and backwardly for 5 minutes 

follcwed b) gcmlc milking of ampullas one by one for 3 10 5 minutes, which resulted in 

ereetion and ejaculation. During collection, the initial transparent secretions \\Cre 

discarded and neat semen drops were collected in a graduated test tube with the help of a 

Slcrilizcd funnel (Dhali f/ 11/, 2008). 

Photo A. Collection of semen by massage method 



JI 
The samples were kept in a thermo flas� maintained at 37°C immediately after 

collccuon and evaluated for color. consistency. volume and mass actl\'ily. The sperm 

qualitative panimelcrs vtz. prog.rcssi,c motility. acrosom,d integrity and 

morphological abnormali11cs were dctemuncd after initial diluuon, after 4 hours of 

cquilibnnion and after 7 days of frce,ing and thawmg 

Colour 

Colour of semen was determined by visual inspection and was recorded 

irmnedratcly after couecuon. Any abnomml colored semen sample other than v.hite 

and }Cllow colour was discarded. 

Volume 

The ejaculated volume was noted directly from Lhc graduated semen collection 

tube and recorded in mi!li liter. 

Mass activity of fn:�h semen samples was determined by usmg a S+ scale (O· 

S: 0 - very poor. waves not present. spenn cell immotilc. + - poor. Wa\'CS not 

present. sperm cells motile; ++- Fair. Barely dis1m11uishable waves in motion: 

+++- good waves apparent. moderate motion: ++++- \'cry good, dark distinct 

waves in rupid motion) 11S descnl>ed by Bhosrckar (1990). A ncal semen drop was 

p!a,:cd in a pre-warmed gl11Ss slide and unalpcd 5-6 fields by using bright field optics 

([>e,,..intcr binocular microscope. magnification I 00�). 

After mas.s activity estimation the semen samples were inihally diluted by 

adding I ml of pre-warmed (37"C) ms-egg yolk gl)Ccrol drlucms tris- hydroxymethyl 

aminomcthanc 24.3 mg/ml. Sodium citrate 13.4 mg/ml. fructose 10mg/m1. penicillin 

G sodium sail 1000 IU/ml and dihydrostrcptomyCln 1 mg/ml. The partially diluted 

samples were maintained al 37"C for funher processing After initial dilution the: 



)2 

r.amplc� "ere brought 10 1hc laboruto11 for C$l11nat1on of percentage of progressive 

monluy ,,ml cnncentnmon 

l'ro.:re.ui\c rnolilil� 

I he semen samples '"·re lcpt at J7"c m a water bath unul cooling. A drup 

nr semen ,,,,� taken m a clean gla,;.., ,l,dc and put II co, er slip and examine the drop 

lil"ll under Im, po1wr ( 1 ()() · ) and th,:n turned mm, high po" �'T magrn fication (400� ). 

'ipcnn wuh s1ru,ght fon,ard movements were coun1t"d rn each field Al10itClhcr S-6 

lidd< "ere cxnmiucd und 1h1· ruhng nfm1l1al mul1l1t) "as done b} visual esumancn 

H dc<cr1 bed b) I CnlJalllS ( I 970) 

rhc sp,:rnmto,ua conc,·ntrauun "us <lc1cnn1111,.'() with the hdr, of 

haem<!<:) 10111ctcr 

llllution wnd l'rc•1•naliun 

1 ollu" mg the dc1cm11na11011 of spcnnato1ua concentration, final dilution of 

the semen smnplcs 11 as duoc 1,1 ,th pre-v.amie<l ( H"C) tris C&II yoll 11l)CCrol extender 

"hen: the conu·ntmtion 1Jf Cl,li )1Jlk "11S 20",o and the gl)crml ""llll added m such a 

1111) lh.il diluted ,mnplc� com111111.'U 1.4.�.6. or 7"/o glycerol (v/v) 1100 60 • Hf' 

ipmt\Uld;ua per O 5 ml straw The entire quantity of glycerol wns add,,.� in unc, s1ep 

(111m,,pli1 I Xl'I RIMI N [-II or �plit mcthud (I XPhRlMFNT-11) IIS �111red After 

1hl, final dilut1011 the 'l.llmplc<; "en: loaded 1ntn O 5 ml .straws (for one step eddruon of 

�l)sCrol) und "ere scaled "1Lh f'VA po"dcr Tite straws were then kept at 4°C for 4 

hours for l°\lllllihrotiun. Afkr equ,lillf'ahon the stmwll "ere frtucn 111 liquid nitrogen 

1�pour (5crn nhmc the hqu1d nurcgcn level for 10 mm and subsequentl} plunged into 

bqmd nitrogen for storage But for split mclhod of addition of gl)ccrol the semen was 

looiktl imo thi: straws for fr1.�nn� allll storage onl} after the oomplction 1Jf the 

equrhbrauon sicp 
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•:iJW'rimen1al dtsign (According to m .. thod or glyetrol 1ddilion) 

3.4. Ellpcrimcnl I (One step glycerol addition) 

Semen samples "en., cryopreserved in tris-cgg yolk gl)ccrol diluent and sperm 

qualities were evaluated at different swgcs of cl'}oprcsi:,rvation. The Lota.I amount of 

required glycerol was added imo Lhc dilu..,nis m a single dose at 37"C aflcr final 

dilution and kept immcdrnldy at 4°C for equilibration. The experiment was performed 

in three replicates . 

. J.5. Eipcriment II (Split mclhod ofi:tyccrol 1ddition) 

Semen samples were cryoprescrved m tris-egg )Olk glycerol dill.l('nl and sperm 

qualiUC$ 11,crc evaluated al diffcrcm stages of Cr}'Optncrvation. Glycerol was added 

into the dilucnl.'I in split doses. The total amount of glycCTOI IO be added was divided 

into four equal pans and a single part was added mto Lhc dilucnlll after final dilution at 

Oh {immediately before eqinlebeauon, i.e. )7"C). lh (4°C). 2h (4°C) and Jh (4°c) of 

cquilibnnion. The expenmera was performed ,n three rq,licale$. 

3.6. Evalualion of atroJomal inlt,tril)' and morphologiul abnormalily 

The li\C SJ)l.'nnatoioa courn. morphological abnormalities acrosomal integrity 

stalll.'i "'ere evaluated simuluuu:ously "'11h the help of double staining technique using 

trypan blue and Giemsa stain (l,'.o\·acs and Foote. l 992) 

Double slain inn protfflurt 

Smears of a mixture of semen and O.:!Y. u;pan blue were prepared and the 

slides were dfled in the air at room 1cmpm11urc. 11,c slides were lht'n fixed m a 

fixative solution (86ml Im JICL + 14ml )7% formaldehyde + 0.2 g Neutral red. 

sigma St. Luis MO) for 2 minutes. Aller fixing. the slides were "'ll.Shc:d with distill 

water and stam Wllh 7.5% Gicmsa st.am solution for 2-5 hours. After st.aining 

procedure the smears ... -ere rinsed in distill water. Tncn dried in the air and 

subsequently moumcd with DPX. Al least 300 numbers of spermatozoa per shdc 
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wen: counted using a light microscope under 40 x objccti'"cs. Four different classes of 

spermatozoa .... ere distinguished dUJ1J1g the C\'aluatmn. lbe:sc were: 

I. Live. intact acrosomc (ecroscme pink. post acrosomal area cleM) 

2. Dead. intact acrosomc (ac� pink. post acrosornal area blue) 

3. Live. damaged acrosomc: {acrosomc: clear. post nuclear cap. clear) 

4. Dead damaged acrosomc (ecrosome clear. post acrosomal area blue:) (Sidhu cl 

ul 1992). 

1 he percentages of hve intacl. dead intact. live damaged arid dead damaged 

were calculated separately (irnhvidually). The morpholQVical abnormality percentages 

wen: counted s.:paratcly for he-ad abnormalitics. mid-pi'1:e abnormalities and tail 

abnormalities and the 1otal abnonnalitics wee dc:1cnmncd by addin1:1 the 3 

ebnormalnies and acrosomal stalll.'I were culuatcd (magnificml 400 ><) wnh a Nil.on 

microscope (&:lipsc 80) attached whh a hquid cryscal display (LCD) viewer The 

view of spcrmato7oa l'>U funhcr enlarged (2>< or 4><) fmm the LCD viewer if 

requm:d. 

J. 7. El 11erimcnt 111 (Sh.11.ly or A popln,ii) 

Stud) of Lhe apoptosis was earned om in the semen samples JUSt aller 

collection. after equihbrauon and allcr 7 da)·s of cryoprcscn·ation. The study of 

apoptosis W!IS carried out by tunnel assay procedure usmg i11 Si1u cell Death Derecuon 

Kit (Version 11.0. Roche. catalosuc no.11684809910) according to manufactun::r·s 

mstruct,ons. 13rietl)". after preparation of Lhe smears from the semen samples the 

slides were fixed with 100µ14% paraformaldchydc and l.cpc for lhr. Then the shdcs 

were washed twice with washing solution (BSA In PBS). After washing. tile slides 

were incubated in pcrmeabiliution solution (SOµl triton- x-100 in sodium citrate and 

water) for JO minut.:c at room tcmpcratun::. Prq,anition of the tunnel n::action mixture 

was done by adding 100 µI label solution and SO µI enzyme solutions (pro"l<idcd in the 

I.it). 11>cn ag.ain the slides \\CTC washed twice and dried and SO µI of tunnel n::action 

mixture was added and incubate for I hr in daA in humidified chamber at JTc. 

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

propidium iodide and kept for l hr. Aller washing. the slides were counterstained with 



" FlTC stain for I hr and "ere examined in 1hc Ouc,m,ccm microscope (NiJ.on Eclipse 

90i. Germany) using red (\\'l!.\"Clcngth· 598) and grttn filtcr(wavdcngth-488).A total 

of 200 number of cells were eoumed per slide and the percentage of apcprotic cells 

\\ere calculated based on the color of the acrosomc. [Green- normal: red·apoplotic.) 

l.8. Slalislical analysiJ 

Sllltistical analyses "en: performed using the PASW 18 0. Software package 

(SPSS/I BM. Chicago. 11.  USA). FOi' the anal}sis. acrisismc transformation Wll!I done 

for the result expressed in pcrccnwgc. In each experiment. variation in semen 

perametcrs (Progrcssrve motility. acrosomc intcgruy. morphological abnonnaliuu 

und apoptosis of sperm) wnons d1ffcn:n1 gl)cerol coocemrancns at each stage of 

eryoprcseveuon (final d,lutioo. 4h of cquilibnition or post freeze thaw) were 

aruilyn-d by ANOV A. Funhcr. the post freeze thaw sptrm qualities were compan.:d 

bct1H�n the single and split dose add,tion methods for each glycercl ecncentrauon by 

ANOV A. A prohahllity value of less than 0.05 was considered si�ificant. Pair wise 

multiple comparison procedure bct\\ccn means "''a'! conducted usini studcnt­ 

Nc:v.mnn-kculs (SNK) test. 
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EXPERIMENTAL FINDINGS 

E11wrimcn1-l 

4.1. A.dthl run llf i:lycuol in stn gk dose {Non-�11lit) 

Varia11011s in sperm qualit) parameters \3-7% glycerol added m single dose) 

i.e. prngrc�Sll'l' motility. ucroscmel irncgrily und sperm abnonnalhicv are presented in 

mbk 4 !. 4 2 &. 4.3 and fig 4.l{prol!.rcssl\'C mvtilny). 4.2(1ivc intac! acro!lllrnc). 

4.J{J,,•e damage acrosornc). 4.'l(dclld 1111,,ct acroscme). 4 5(deud damage acrosomej. 

4 6(hc.id abnormality ccrceorre), 4 7(rnid-picce abnummlity). 4.S(tail abnonnolity) 

and 4. Q(toul spermatozoa ubnomial ity) rcsp<.-<c!i \'cl�. 

4.1.1. Proi:rc�siH molility 

A!kr mllial dilution. after -I hours of cqu,lihrJtion nnd after freezing and 

tha"mg the menn p,,rccrnogc� of progrL"SSivc motility were found to be 67.8 ± 2.8. 

43.2 ± 2.3 nnd 23.9 ± 2.0 for 3% glycerol. The subsequent percentages of progressive 

motility were found to be (17 2 ± 2.3. 44 2 ± 2.-1 and 26.5 ± 2.7 for 4%, glycerol: 65.J ± 

4.1. 49.8 t 2 2 ond 40.6 ± 1.7 for 5% glycerol: 66.l ± 2.9. 45 2 ± 2.5 and 31 7 ± 1.1 

for 6•,. glycerol and 66 3 ct J.7. 45.1 .t: J O and 17.-1 ± ! .3 for 7% i;lyecrol. (Table 4.1 

& rig. 4 1) 

Stutlstlcal analysis sh(med that there "as sign,ticant variation (p< 0 05) in the 
progrceslve moulhy among the gl}cerol pt'reenlagcs alter Cf)oprcscr.ation. Highest 
percentages of progre�\ivcl) motile sperm \\Cll' seen in 5o/• glycerol concentmtion 

a11d lowest "d� observed in 7% glycerol after cryopn:...ervation The percentage of 

progressive mouk sperm in 5% i;l}CCn)I was srgnificamly different to that of 3%. 4%. 

6',o and 7"/o gl}1:t·rol. 
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T1bl1• 4.1. Vnriutmn• *(i\lun ± SE) in proJ:rt>••ivt' motility of Milhun 

,perrn:1101.oa tlurini: tlirfrrcnl stH!!!t'\ of Cl'}'Ul)rl'!lt'/"\'lllinn in nun· 

1111 ii J:I) ecru I midi rion 111ctlrnd. 

l'roen,,�;, e motility(%) 
(,lyccrol 

conccnlration 
(•/.) 

After inili,il diluuon After 4 h After frcc,ing Mnd 
t'tl uil ihrntim1 1h1"i"1t 

3 167.8 ± 2.8 1
432±23 23.9±20' 

• '442!2.4 26.5 ± 2.7"-H ' 
•67.2 ,1; 2.3 

� 
- 

5 :65.3 ± 4. l '49.8 ± 2.2 406:t 1.f- 

6 :66.1±29 145.2±
25 Jl.7:l 1.111 

- - 

7 :66.J ± 3 7 '45 I .t 3.0 17.4± 1.31) 

A H  indicates 1,tluc, "11h di!Tcn,nt supcr.,cnpl \\1111111 column diITt'r significantly 
(P<0.05) 

• ' I . indicates values d1fkr sign1fKantl) (1'<0.05) among 11c cryoprcservauon stag� 
for the given gly1.crol cunc,;ntn1lio11 
'Noufob-.cnation-10 



" 

38 

••• 

••• 

••• 

••• 

. ,,. 

Alie< � h equlbbntlon Afte, frttnnc ,nc1 thiwlnc 

si.,. of QV09<He<Vlllon 

Fig. 4.1. V11ri111ionJ (Mean * SE) in progressin mo1ility during diffcrcnl 
nagr, of rryoprc:scn·1tion in non-!plit glyftrol 11ddition mclhod. 
a, b on error bu indintt:!I • signifinnl difftrcn« (P<O.OS). 
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4.1.2. Acrosumwl lnt1·gri1y 

4.1.2.1. Li,<' inlacl 

I he mean percentages of live spermatozoa with hnact acrosomc were found co 

Ix, 709 1 27. 467 -1 2 6  and  J H O  i  l.7 ;,Iler initial dtluhon. nf\cr 4 hours of 

equillh111110n and afkr lh.>e�1ng am.I thm,ing rcsp<.-cli,cl) for)% gl)C<'rol. The values 

for the subsequent percentages of glycerol were foun<l to be 71.J ± 2.4. 45.6 ± 2.1 and 

20.2-± 2 2 for 4'1-o. 69.2 ± 4.0. 52.11 ± 2.2 am! 43.4 ± I 8 for 5%; 70.J .! ) 3. 49 4 :!: 2.4 

�00 35.1 i I O for 6"10 and 71.5 t 4. l. ·N.9 ! 3.2 nm! 21.2 ± l .4 for 7%. (Table 4.2 & 

Fig 4 2) 

�l.tlb!irnl anal),,� mJkatc, that lh<·r<e is ,igni ficant van at ion (p< 0.05) among 

th<: gl)c,·rol conccmrnlions for 11,c 1111:ict spermerozoe percentages after 

cryoprcservation. Live inlm:I acrnwmc pcrc,·ntagc at 5% glycerol conccmration "as 

signific,mtl) different frnrn 3. 4. 6 mill 7% gl)<Crol. Fhcrc was no un)' difference 

emong the values for 3 and 4°0 gl)Ccml. llighcst pcrccnt.i.gc of live intact acrosome 

was observed in 5°� gl:,ccrul and kmc,t pcrccntagc '>'HS Icund in Jo/e glycerol after 

cryoprcse rva l i (1 n. 

4.1.2.2. Li,c tl11111a)!C 

I h,· 111c:1n pcRcn1agcs of Ii, c spermatozoa with damage ncrosomc after inihal 

diluuon. 4 hours ufc'lmlibmtion ,uul fn."'C1111g and th.iwmg were recorded 10 be 2.9 ± 

03. 4.7 ± 0 5 anti 10 7 ± 0 S for 3% gl)ccro) respective!). 3 0 ± O.J. 5.0 ± 0.7 and 

10.S 1 0.5 for 4% glycerol; 3.0 ± 0.6. 5.2 ± 0 R and 4 8 * 1.2 for 5% gl)ccml: I 2 ± 

0 5. 5.2 ± 0.7 anti 7.()-± 0 5 for 6o/• gl)ccrol and 2.0 ± 0 S. S 6 ± 0 4 and Tl 0± 0 6 for 

7',ol,\l)ccrol. ( Fable 4.2 & Fil! 4 )) 

Stausuca! .in.il\�i� of the data showed that there w115 s1gn11icant difference 

be1M'.t:n the pcrccnugcs of hvc damage ,icrosornc J.l drffercru glycerol concentration 

after cr}(1prcscrvution. hut there '>'J.S no any dilTcrcncc among the glycerol 

pcrccrnngcs ii Iler m111al thluuon and C<.fUI h hrallun. Evaluation of the dma show cd that 

t!K- live d.unugc acrosomc pcrccnt;ii,tc� al 5% glycerol ""s significamly di!Tcrcm from 

J. 4 and 6°0 "h,·n:a� there ,sere no an) difference between 3. 4 and 7"/o gl)CCll!l after 

cryoprc�cT\atmn. l!ii,thc�l percentages of 11'c Jam.i.gc a1.ro:,omc were seen in.,-,. 

gl�ccml und the lm,c�t in 5° • after er) oprc�r,al ion 
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tl.2.3. l>t·Md intact 

f"hc mean percentages of dead UHJ.c! acrosomc s�mmto1oa were rt-<:ordcd lo 

be 6 2 ! 0.8. 14.4 1 I 2 and 20 8 ± 2.3 allcr initial dilutions. 4 hours of equilibration 

and aflcr Ircczmg and thiming for 3% gl)ccrol wnccmration. The subsequent reading 

1>,crc n..«:ordcd to he 6 5 ± 09. 15.l ± 1.J :md 20.6 ± 2.J fw 4�. gl}ccrol. 69 ± 0.9. 

1 1 . l  ± 1.1 am.I 10.J ± 1.2 for 5%: 8.0 ± 0.7. 13.0 1 I.I am] 16.5 ± I for 6% �,l}ccrul 

and 7.<, ± 0 H. 12 1 ± 1.0 nnd 17.9 ± 0.9 for 7% glycerol (Table 4.2 & Hg. 4.4) 

Stntlstlcal analyses revealed that there was significant difTcrcncc hctv.i,cn lhl' 

gl)ccro\ percentage� for the dead intact t>crQS<lll\C after frce.1mg and thawmg. There 

was "" ml}' difference between J. 4 & 7%, gl}ccrol. but 5% glycerol showed 

significant difference to that of J. 4. 6 & 7. Prum the da!a it \,a� obscr,cd that 3'• 

gl)C<'rol t:1mcen1mtton shewed the highest and 5% showed the lowest percernagc of 

dead nllnct ucmsomc . 

. u .2.4. Dead danrnJ!c 

The mean pcrccmagcs of dead spermatozoa "ith damng1; acrusomc were 

found tn he 21 3 ± I N. 34.6 ± 2.0 and 50 8 ± 2.5 after initial dilution after 4 hours of 

cquihbrat1on dnd aller frccving and tha"lllll re�pcc1iVel) for)% glycerol. 20 6 ± l 9. 

)4.4 ± l 5 and 49.5 ± 2.4 for 4"1o glycerol; 22 5 ± 2.8. 31.'} ± 2 )  and 40.8 t 2 7 for 

5% glycerol. 22.1 ± 2.3. 3) 3 i 3 2 and 41.(, ± 0.9 for (,% glycerol and 20.8 ± 2.1. 

JJ.4 ± 1.9 and 50 0 ± 2.4 for 7% glycerol conccmrnlion. ( fable 4 2 & Fig. 4 5) 

Stdti.tkul ,mJl)sc� showed that there "as no Jny difference of \"alws for 

(kad inmct ncrosomc percentage� after initial drluuon aml equrlibration. There was 

sigjuficant difference allcr cryoprcscrvation. 5% and 6% glycerol was signilkantly 

<l11Tc·rcnt from J. 4. & 7%. but in between 5 and 6% gl)ccrol there \\llS no significant 

difference. I I 1ghe�t dead damage pcrccn!llgc was seen in 3°!. fol lo"ed by 7"•· wherca.s 

50\'o glycerol ,howc<l the lowest Vi!luc 



S111 tu• or spcrm11101.011 

'Cl'rOI 
n (%) 

1,- r IA> U-1 1).1) 

- 
- - 

ilution 
:70.9J27 1 2 9 1 0 3  16.2 ± O.ll : 2 1 1 1 1 8  
111.1 i 2.4 :3.0 l 0.3 16.5 .t 0.9 :20.6 I 1 9 
:69.2 ± 4.0 • 122.s i 2.11 5.2 l 0.8 06.9 ± 0.9 
:70,3 ± 3.3 :1.2±0.5 • =22.1 r 2.3 ·s.o ± 0.1 
• : 2 0 ± 0 5  17.() ± o.a : 2 0 11 , 2 1  0 715 <4.I 

- -  

bnuion 
• 14.7i05 '!4.4 1 !.2 134.6 .1 2 0 4() 7 ! 2.(, 
'45612.1 's.c . 01 't5.I ! I.J '344! 1 5  
' 5 2 11 , 2 2  4.ll + 1.2 I I.I .i i . I  '11.9 t 2 .. 1 
'4'}.4 t 2 4 • ' u n - r . r  •  5.2 I 0.7 D . J t 3.2 
'�9.9 I ).2 '56J  04 '12.1 T I O '33.4 .1 1 4} 

- 

hU\\ll1i! 

111 .01 1 .1"  1 0 7 1 0 5 "  20 ll :i- 2.)11 508%2511  

20.2 .1c 2.2" 1 0 5 .1 0 5 "  20.6 :i 2.)11 4 9 S ::t 2 4 11  
43.4 1 I 81' 10!0(, 1 1  1 0 ) 1 1 . 2 3  

40 8 * 2.7'1 

ts. I :i 1.0l 7.0 I 05' 1 6 . S t l O "  41.6±0.911 

21.2 1 1.411 11.0 .1 0.6" 17.9.i0.'111 500±24 11  

-  - 
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V11ri111iu11, "(l\lr11n ± SE) in lin11bili1y 11nd 11u0Jom11I inte11,dl) of 

I\ I ii hu n �11crm111u,.,u1 ii u rin11, d iffcrn1 t staitt� uf Cl'} oprc�cn � tio11 in 
nun-�plit 11,l}nrnl adthtiun mrthotl. 

Sla11,c uni J,:I) 

cuunnlr11tiu 

After 111itml d 
, -, 

••• 
5% 

(,�. 

7', 

After 4 h c4111!i 
J', 

••• 
5% 
6% 

7% 

After frce11n11, t 

3% 
4% 
s •• 
6°0 
7% 

'hblt• 4.2. 

r 

' 1' ' indkntv, values l\11h di1Tcren1 sul)<"rscnpt within column under a p11r1icular 
frcc1iny Mlll,;l' differ signiflcaruly (1'<0.05).' 1 indkntc\ vulues di!Ter si1:1nilicmnly 
(P'0.05) umong 1l1l· cryeprc-crvnnon Shtr,:c� thr the given glycerol cona:ntrmion 
I ·I: I ive sperm "nh inmct ncrosome: L·D: l.ivc sperm "uh damaged ucrosomc: 
1).1 Dead �pcnn w,1h int.let acro-ome: [).I) lkml sperm uith dum11gcd scrosomc 
' No of obscrvur ion· 10 
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Fig. -1.2. Variations (l\1CMn :i: SE) In Ii.-.: Jpt'rmato,oa with Intact acmsome 
during different stagH or cryuprescrvstion In non-split gl)tl'rol 
addition method. a, b on error bar lndlu1cs a signmunt 
d lffcrcnce (P<O.O 5) . 
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After Initial dlluUon A.fter • h equ,l,b<11lon After frttzln1 and 1haw,n1 

S1a1H of c,yopr• .. rotlon 

Fig. 4.3. \'ariacions (Mun :t: SE) In lh'e sptrmalo'l.011 .. ith damagt 
acrosome during dUJcrc111 s111ges of eryuprescrvattcn in non-split 
glycerol addition method. a, b on error bar indicates a signilicant 
tllfTerenct (P<O.OS). 
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ON 

After 4 h N!Ull,btatk>n After frttllna and thawlns 

1la1es of cryop,eservaUon 

V1ria1ions (Mean :I: SE) in dtad sperma1ozo11 with intact acrcsome 
during diffcrcnl nages of Cl')opre!ltrvaiion In non-split glycerol 
addition rne1hod. a, b on error bar indicata a significant 
difference (P<0.05). 

" o,, 

so • • o•• 

so 
o,, 

� 
• 

o,, 

• '" 
' ON 
• 
• ao 

• ! 

" 

'" 
c 

Afttt lnltlal dllut1on Aft...- 4 h "'lu1l1bratlon After frttzins UHi thaw,nc 

Staps of cryopr....,,....2llon 

Fig. 4.5. Variations (Mean ± SE) in dead spermatozoa with damage 
acrosome during different �,ages or C/')"Opn'llen·ation In non-1plit 
glycerol addition method. a, h on error bar indk,nes a sigmlicant 
difference (P<O.OS'). 



live 1perm1tozo1 with lntKt acrosome live 1permatoto1 with damage a<:fOIOllll 

Dead lpllffllatozoa with Intact ICl'OIOffle Dead 1penn1totoa with damage ICl'Olome 

Pholo.B. Photog11ph11howlng four categorin of spennalotoa with different acrosomal 
1lilltu1. 



4.1.J. �perm abnormahli,•, 

4.1.J.l. llud ahnormalilics 

I he mean percentages of head abnom1aliucs "en: fot1nd 10 be: 0.9 ct 0.3. 3.0 ± 

0 3 and 6.1 ct O -I nllcr mitml d1lu1ion. -I hot1rs of equrhbration and allcr trecz .. mg and 

lM"il11! rc�pccti,cl) for 3•1. glycerol lhc corrt"1p11ndmg values were I I t 0.3. 2 8 ± 

0 3 and 5.1 1 0.(, for 4•• glJccrul. I 2 -t 0.4. 2 6 T O 4 end 2.8 ± 0.4 for 5% 11l>ccrul. 

0.11� 0.3. 20 t O 5 and 32 ct 04 for6•,. gl)ceml and 06 ± 02. 29 ± O l a nd  62 i 

O S for 7°,. 1.11) ccrnl ccnccrarauouv ( I ahk 4.3 & I 1g 4 61 

horn the table it was Sl'CTl that 6•o l!l)ccrnl lc,cl 'IOOwcd the lowc�l 

percentage of heed ahnonnahhcs "bcthcr 1• • gl) ecru! sho\\'ed the h11!,hcsl percentage. 

Sta1i�t,cul unu!J<'IC� ""·cakd thu1 then: wa.� �1pifkan1 d1ffcrn1CC among the: gl)ccml 

pcn:cnt111,;c� for th<' head ahnomnahuc-, allcr cryoprcsco·ation. SO,,, 11lyccn.1I wns 

Sll!,llilkmHI) different tium l. 4 and-,.. I here was no, tm) difference hc1wttn 5 nrid 

6"0!ll)CCTOI 

-1.1 •• 1.2. i\lill-pi1•,·1• atmormalili1·, 

1 hc ,m:an percentages of nud-ptecc ahnonnalit1l"S in 1hc 3 stagc5 1 e . after 

mi1inl dilution. alkr 4 hours nf eqmlibnahon and after frcc:,mg and tka"mg "'ere 

foum! tu be O 2 l O 2. I 2 � 0 3 and 3 I -t O l respecnvcly for 10,,, i,;l}ccml I or tbc 

subsequent cum:colmlluns lhe ,alut.'S were recorded as 04 :t 0.2. I 3 -t O l mid 2.9 ct 

OJ for 4°,.11-lyci:rol: O.S .l O 2. 0 S * 0.2 and 1 6 1 0 2 for s�. gl)ccrol. 0.2 l O 2. 0.7 ± 

0 2 ,md 1.5 !- 0.2 for 6•'• gfyccrol and 0.6 J 0.2. 2 9 :t OJ wid 6 2 l OS for -,.1. 

11lyccml ( I 11h!c -1.J & hi! 4. 7) 

Stali,tkal anal) �i� of the data sho\\'ed thul 1hcrc ""lCI 00 any difference in 

percentage ul nnd-precc abnommlities after ini1ial dilution and equitibrn11on. 

Si11mficant duferencc was observed after cryoprcservation. S & Mo glycerol "ere 

nguiflcruuly drffercm fmrn l. 4 and 7 Highest nud-piecc abnonnalitics "ere seen in 

1•10 anJ lo"c�t wa_., observed m 6•,.111,ccrol 
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·U • .I.J. rail 11hnnrn111li1ic, 

I he mean percentages ul lail ahnonnalitics were found tu be 4.7 * O.J. 9.4 ± 

0 5 and 16.J ± 0.9 nliN init1,1l diluuon. after 4 hours of equilibration mid after frccztng 

and thm,111g for J�. gl)LNul: l.4 i 0.5. 8.6 ! O 8 and 16.l ± 0 8 for4% l!hccrul: 4.l 

.i O.l. 6.5 ± O.J ,tnd 9.7 ± 0 S for 5% gl)tcml: 4 7 -t O 5. 7 0 ± 0.7 and 9 0 t O 6 for 

6�• gfyccrol and 4.6 -t 0.3. ') 5 ± 0.4 and 1<, 6 ± 0 9 fur n-o glycerol. (T .ible 4.J & rig 

4 ,, 

Stmistil,il ;,n,,1)�'' uf lhc p,:rccnt:sgc, tail nbnormaluics indicate that there 

were nu �ignilicant difference after initial dilu1,on. hut �1gn1ticdnl d,!lcrcocr was 

observed alkr cquibbnniou and atkr Cl)uprc....,n .,hon 5% glycerol was ,ignilitantly 

d1ffcn:n1 from n:M nf the percentages. but there 11.1s no di1Tcrcncc between J and 7"/o 

all.er cqui hbrn11un. A ftcr er) ,,preo;cr1 atiou 5 nn<l 6" o were s1gmficantl) d11Tcre111 from 

3. 4 and 7°0 J'hc highes1 percentage of mil ahnorrnulitics "ere observed with 7'!-'o 

gl}ccrul. whereas lhc lo\\cst pcrccnlagc \\!IS observed with 6%. 

4.1 •• \..I. Total ,perm 3hnormahtic, 

I he mean percentages of1o1UI sperm abnormulnics "ere r...-corded as 5 11 ± 0 5 .  

13 6 t O 8 and 25 3 1 l O 1,ttcr 1n11rnl dilution. all er 4 hm1r; of cquilibmtion and a Iler 

fm:,dng and lh1m mg for 1° • gl)ccrnl. 4 '> ± 0.5. 12 7 ± I l and 24 2 ± 1.0 for -lo/o 

gl)lcrnl: 5 II ± 0.3. 9.6 ± 0.6 and 14.1 ± 0 8 for 5% gl)ccrul. 5.7 ± 0.6. 9 5 ± 0.9 and 

lJ.7 .l I O tor 6"to glycerol and 5 6 + 0 4. 11 c, 1. 0 8 and 25 8 ± l 2 for 7% glycerol. 

(Table 4. l s. Fig -1. 9) 

"!he pcrccruagc of tnlal morphological sperm abnormalities vanes 

sig111fk.11HI) :m1011g different gl)ccrnl percentages aflcr t><iuilihrutiun aixl 

cryoprcscrvmion After cqt11hhratiun mid cryonrcccrv.nion. 5 ,md 6% glycerol """' 

stgnifican!I) drffcrcnt Imm l 4 and 7°0. 1hc h1ghC51 perccntllgc of t11tal sperm 

abnonnal itics "as found "ith 7"o and the IO\, est "a\ Ob'><Cr�cd in 6% glycerol. 
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V11riu1inr1, *{l\leun ± SE) in hrnd, mid 11ircc. toil �ml \ol�I 

.ihnurnrnlily of Mi1hun ,pnnrn1u1u11 tl11rini: tliffcr.,111 ,111gc� of 

<'l)Ollrt'wn11tio11 in 11011-s11hl )!l}l'l'rol 11!ltl11iun method. 

St:ij!l" ;11111 j!I 

f011<"l·ucn11io 

Aflcr 1nit,,il d 
J',,. 
4% 

5"'· 
(i• • 

, -, 

Aller 4 h cqull 
, -, 

7% 

After rrcuini; 
, .. 

, .. 

, -, 

, -, 

t -, 

- 

Spcr11111 !01011 11 hnornm lihl'• 
} l'l'rul 

c 
11 (%) 

llr11d 1\lid picn Tail Toi�I 

- - 
llutinn 

: 0 9 ± 0 )  :0.2 * 0.2 • :s.s ± 0.5 •4.7 ± O.J 
: 1 . 1 1 0 1  =0.4102 • :4.'J±OS •).4 ± 0.5 
: 1 210 . 4  =o.5±02 :4_1 ±0.3 ts.a r O.J 

=0.11 cl. 0.) :0.2±02 : 47,1;05  : 5 7 ± 0 6  
1o.<,± 02 :0.4 ± 0.2 =-1.6 ± 0.3 • ·s.6 ± 0.4 

- 

ibmuun 
'3.0±0 1 ' 1 2 ± 0 3  '9 .4±05 ' • ' 1 3 . 6 1 0 8  
0

2 8 ± 0 )  ' 1 .JctOJ 18.6±08MI • ' 12.7 I 1.1 

: 0 5 1 0 2  .  '  '9,1, ± 0.6 " 2<,:0A 6.5 ± 0.) 

'2.0 �05  '7.0±07r-. '9.5±09 " :0.1 i 0.2 
'2.9101 ' 1 2 1 0 . 3  •  '  •  '  9.5 ± 0.4 \J.6 * 0.8 

- - 

thaw ing 

' " ' ' 6 1 ± 0 4  1 . 1 .1 0 1  16.31"0.9 25)±1 . 0  
" " ' ' 5 3 ± 0 6  2 9 t { ) l  l 6 ] .l 0 . 8  2-1.2 ± I .0 

" " " " 2 8 1 0 4  I  6  +  0  2  9.7 ± 0 5 14 I ±0.8 

" " " " J.2 I ().4 I 5 ± 0.2 9.0±06 1 3 7 1.  I.O 

" ' l66:t09" 2 5 11 :tc l i  ..  62i0.5 J 2 -t O J  
-  

"- A '  indicutce \ltluc, d,fkr ,111r11licantl� \1'�0 05) a111rn111 the glycerol cceceuuancn 
for the given stage or Cr)oprcsen.1tion: • ind,rntcs VJlucs dsffcr significantly 
(l'<0.05) among the cryoprcccrc mion stages for the iiivcn glycerol conccn\r,U1on 
' Nn or oh�r, anon- I() 
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Fig.4.7. Vuiations (Mean :I: SE) in mld-pjeee abnormality of spermato.i:oa 
during difftn'nt nages of cryoprtscrvafion In non-split glycerol 
addition method. a, hon error bar indicate, P<0.05 
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Alter ah equ,hbr1tlon After free,1n111nd 1h1wl1111 
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Fig. 4.9. V11ri111ions (Mtan ± SE) In IOhtl 11bnormali1y of Spl'rm1110:t.011 

during different stages of cr,·oprestn·ation in non-splil glycerol 
11ddi1lon mclhod. 11, b on l'rror botr indicates 1'<0.05 



Bent mld·pl"e 

Detached head 

Photo.C. Photographs showing different spermatozoa abnormalities. 
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E�1wrirn ent-u 

4.2. ,\lldition ofitlynrol in s11ht do<c 

V nrmticms 111 spcrrn <1ualil) parameters (5- 7% 11!) ecru I added in �pli! d()SC) 1 c 

progressive nm1ih1). ucro'iorn;ol intcgnty und sperm abnurnmlihc< an: presented in 

mblc 44. 4.S & 4.6 and fig 4.10 (progn:�"c mot,!ity). 4 1 1  (live m111c1 ecrosome). 

4 12 (11\c dunmgc acrosomcj. 4 11 (dead in1ao aero.some). 4.14 (dc1,d <l1u11agc 

ecrosomc ). 4. I 5 {head abnummhl) ucrosomcj. 4. I ()( mid-piece nbnormal ity ). 4 17 (tai I 

nbm>n,mlily) and 4. ! 8 (total spcrm.uozcn uhnunnul ity) rcvpectivcly. 

J.2.1. l'rn�n·,�h,• 11101ilil)' 

I he mean percentages uf progressive motrlity were found 10 be 98 S + 2 l. 

64 1 J 1.5 and 50.2 l 1.9 ulla initrn! d1lu1inn. afkr 4 hour, of equlllbrmiou und nlkr 

li\:,·111111 respectively for 5°� gl)ccrol. The corresponding •:1lue� "en: 74.1 i 2 9. �II O 

t 2j nnd 42.l l I 5 for 6'h gl)ct·rol uml 74 S i  2.7. Sl.7 • 2.0 aml 33 9 ! 1 4 for n. 

gliccrnl I Jnhle 4.4 & I ig -1 10) 

S1mh1icul n1111IJ . .,..,S nr the ,aluc� indicate sigoifi<..anl difference among 

different glJccro! pcn:cntui,:es uflcr t..:1uilihnuiu11 and cryopreservutxm Afler 

rqmhhratton 5% glycerol ",is ,igmfic1111lli dill"crcnl from 6 und 7".-\o. bin 11flcr 

cryopreccrvntfun ull the !!l)lcml percentages �1,ri sigui1knnllJ nnumg thcrn'iCl,es. 

llighc,t percentage uf pro1,rcsshcli motile spcmi!llol.(>.I \\!IS found ut S'l'o 11,liccrol. 

11hcrca\ lo\\cs1 pcrccmugc ""ll� obwrvcd ur 7°0 glycerol. 

-1.2.2. Acru,unrnl i111r1:rit., 

-1.2.2.1. LiH inl11CI 

I he mean percentages of live inmcl ucrovnnc spermatozoa were found to he 

H4.J J J. I. <,7.5 .i 1.2 and 51.J t l .R utter initial dilu1io11. aflcr 4 hours of eq11i1ihn,tion 

and utter frec1.ing respectively for 5% gliccrol. 78.3 ± .1.4. 61.9 * 2.2 and 45.H t 1.6 

for 6% g!Jccml and 78.0 1 2.9, 57.7 1 2.2 and 37.6 ± 1.2 for?-/. glycerol (Table 4 S 

&.F,1!4. 1 1 )  

l  he dutu for ii,c m1ac1 acmsomc spcrmato/cn were <!,Ltistirnll) analyzed und 

l1Jund Ihm there "as ,ig1111ican1 difference among drffcrcnt gl)ccrol perccntagcv after 

c-quil ihrm ion und cri oprcwrv mion. 5° � gl) cerot "a� sigui ficantly different from 6 alld 

7•1 •. whercus n!I the glycerol perccutngcs ,uri signifirnnt!r nmong themselves ofter 
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V11riation� •(Mean ::I: St:) in rrull.rn,iH' mohlil) tlurinit tlifftrtnl 

st• 1tn 11r l'I') uprr•tr. • lion In ,11lit ,ti} ,·rn,I a1ltl ii ion mN hud. 

ta)rcrul 
cnnccu trnl ion 

( "/.) 

. 

Artrr initi:11 Ar1cr -l h 
dilution .,,,uilibniliun 

---1-- 

Af1cr frTr1in1?, and 
th•" 1111: _,___ 

- 

s 

" 

7 

. 

'64.4±15' 

'580•251'  

'537.1201 1  

so 2 t 1.9' 

4 2 . 1 .t l S "  

-� 

� 11 111d1c:1t," ,aluc• with drffcrcen supcr<enr1 .. ,,hin whmm d,m.,, s,Kmlkuntly 
\1'<0.05) I indscutcs �llllk'� differ ,1gn1ficun1ly {1'<0.05) amonK 1hc cryopreservauon 5!ages 
for the 11iH,n 111) ccrol conccntrnlion 
• No of'obscrvaucn-Hl 



" 

" 

"' 

" 1 
" 

' 
AA..- Initial dolutlon 

SI 

.,. 

••• 

""' 

• 
• 

• 

Fig. 4.10. V.ri111ion, (Me.n % SE) in prognssi,·c mo1ili1y during dirferenl 
stage, or f')'Opnscn·11ion In split gl)ctrol addition mrthod. 1, b 
on error bu indicate, a significant dirfe�n« (P<O.O }. 
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cryoprcwrvauon I he h1)µ1Cs1 pcm.'Tll:tl,\t' of hie spermatozoa with intact acrosmnc 

"as observed m 5°0 i;l)ccml arid lo"cst percentage was ""'CTI at 7",o. 

4.2.2.2. Lh e dalllY,tt 

I he mean pcrccrna�,·s n..'t.ol\kd for Ii, c "{)Cmmto,011 "nh damaged Kro<;omc 

allcr 111i11al dilution, after 4 hour;; of Ctju1hb11111on and after frtt1mg \\= 0 9 i; O.J, 

36 I 051111d J S *  05 n:�pecu,cl) for5°ogl}ci,ml thc,.,.ll'rnlponding,alues"crc 

2.2 t 06. 59 i OJ nn(] 55  t  Ol  for6°,ogl)t'crol and �5  t  0.5.54 I 01 and 6 1  i  

0  4  fi,r 7"o glycerol ( Jahlc-1 5 & I 1i. 4 12) 

'ilmi,tical an,•l}SI\ revealed lh,1t there ".I.\ �111mficant difference among 

d1fli:n:nl gl)ccrol percenmgcs atkr l'tju1hlml1iun and cryepreservauon 5°/o glycerol 

"as \IJ,!lllfkantl} d1ffcrcn1 to 1'1.11 of 6 and -,.. al bolh �1ai.c<1 1 c .• alkr eqmhbraucn 

and U}<>prewr,111100 lh1_1.hc,1 11,c darna11-t' acrosomc pcrccnmgc "�I\ observed wrth 

7''• l,\l > ccml und lov. c�, \\ JI.', '11:Cn " uh �· • 

4.2.2.J. llc11d inl11ct 

I he mcnn pcrccmagc� for iklll.l intact a..rowm,· �rcnna101tlll were found 10 be 

<I 7 lJ 6. 9 l 1 0 S and l l l J O 6 after mtual dtluuou. aflcr 4 hours of C<1U1tilmuiun 

and a!lcr lh.-c1111g rc�pcCll\d) lur s•. ttl>c,·rol SS  t  OS. 12.0 t O 8 and 161 i 0.7 

for (,0 
• gl}ccrol and � 7 1 0 6. I l 7 1 0 9 and 19 l t O 6 for 7",. glycerol level ( Fuble 

4 � & 1 , ii. 4 . l l )  

<;1aci�tical nn:il) �1� of lhc dead nnact pcrccntn�= al different percerueges 

sho" L-<l sigm ficant , ,mntmn after cquihbrauon and er) 1,pl'C"ICf\ a11on. j• • gl) ccrol was 

s1g111fkm1t!) drflcrcnt frum <, �ud 7"•. hue there "as no an) ditTcreocc bclWL'l.."11 6 and 

7"•o utter c4u1!ihratum. \Iler cryoprcscrvauon 1t \\JS observed that thcll' \\CTI: 

sigmflcnm d11fc•n·ncc� ,nmmg all Che glycerol percentages. Low1.'SI pcn:entagl'll of 

dead inu�t aero .. ,rne were S<."Cn 111 s•. glycerol "hilc hitthcst pcrcet1t11gc was found in 

�. 



T11hk 4.!>. V11ri11tion� '(l\1c11n :t SE) in lin:1hilily 111ul urosomwl in1ci:rity or 

Mith un ., 1wri1111 huoa 1l u r111i: diffrn·11 t slai:c, of fl") 011rcscr, wtior, in 

•1ilit i:IJct•rul 11d1lition method. 

- 

S1,11u1 of�11�rmwtu1011 

1tl) l'l'l"OI 
- 

riun (%) 

L-1 L-11 IJ-1 1).1) 

- - - - - 

11(iul 
01\ 

: 8 4 l f l l  =0.,,10) :4710 .6  : 1 J 6 .i l 7  
:78.3 .i l.4 =22 1 0.6 • • ·.5.S .t O.S •16A I 1.6 

=111.0 .t 2.CJ =2 .5.J05  =s1:to.6 : 1 6 3 ± 1 . 4  
-  

-  -  

"' u1in11 
• 2' J.6, o.�"" . ' '20 S I 0.9A <,1.5 ± I. 9.) � 0.5 
'61.9 ! 22" 5.<J r O 111 '12010.811 120.9 ! 2 QA 
's1.1 f 2 2'' 5.4f 01" ' 1 1 7 ± 0 9 "  '2S.6 .t I .J" 

- - 

:t:/111!,! 

ing 
lOO±L'JA H J -1.  I.R� l8-1. o.s ... I ).1.1. 0 {)A 

45.M l 1.611 5.S.±0311  \(1.2 ± 0.1'1 l 2 . 7 l l ) A  
37.(, I 1 z' ( , 1 ± 0 4 "  \<).) .t 0.6{ ) 7 2 1 1 1 "  

-  

Aller u 
Jiluti 

s -, 
6°10 

7�. 

Atlcr 
1•qu1lihr. 

�% 

o, 

, .. 

Aller trc 

1ha11 
5% 

Mo 

7% 

M111:1• ,rnd 
cunnn1r11 

A. 1' ( i11dicm("� 1a\uc� with Jiffcrclll superscript within column un<lcr a purticular 
fn....,1111g �Inge ,htlcr $ignifitantl) (1'<0.05):' : indicates value, differ signific:unl)' 
{l'<O 05) umong the cryoprcscrvntion s1agcs for the given gl)ccrul concentration 
1,-]· I 11e• spcnu 11ith mtnet acrosomc. I -IJ· ! i,c spcrru with damaged acrosome. 

U-l lkud sperm ",1h int:,cL ucrosomc. [).!)· De.id sperm with damaged acroscmc 
• No nf ohscr, ruiun-Hl 
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Alie< lnilllll d1klllon 

Vui,uions {Mun: SF.) in the sptrmaloto• whh int.cl seroseme 
during different st1ge:s or Cf)OprtHl"\'Hion in split gl)«rol 
addition method. 1, b 0<1 error bu lndiutes I slgnifiunt 
difference (P<0.06). 
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Afte< lnltl1I dilution Afler • h equlhbr1t10n Afte< heezlnf, and thiwi"I 

St•SH of ayoprnerw1tlon 

Fig .... 12. Variaiions (l\lun ± SE) in li,·t 1pum1101:01 ,-i1h damage 
acresome during diffrrcnl stages of tf)oprnen·11ioo in splir 
glyterol addition method. 1, b on error bar indicatts a stgnifkant 
diffrrcnct (P<il.OS). 



Alte< Initial dilu!l<1<1 Alte, 4 h �ulhbram,., Alie, ffeezona and thawlna 

5tiJH of cryopr-rvatlon 

Fig. 4.13. 
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VariatioM (Mean :I: SF.) in dead spermatozoa with intact aeroscme 
during different stages or cryupreservatten in split gl�·n-rol 
addition method. a, b on error b11r indicates a significant 
difference (P<0.05). 

Aft�r l,iltial d,lutlon After 4 h �u1l,brat!on Alie< 1,ee,1na 1nd thawing 

Stares of cryop,-rvlllon 

Fig. 4.14. Variation, (Mean :I: SE) in dead spermatozoa with damage 
acrcsonre during different stage, or freuing in split glycerol 
addition method. a, b on error bar indicates a significant 
difference (P<0.05). 



'' 4.2.2.4. lkwtl dumugc 

The mean percentages or dead spermatozoa wlth damage acrosomc atler initi.tl 

dd ulion. after 4 hour.. or l'qU11 ihra11un ,tnd ,1tlcr freezing and thawing were R'\!Onlcd lllo 

I 3.6 ± I 7. 20.5 t 0.9 uml 30.0 ± 1 9 respectively for 5% glycerol. The com:sponding 

cnlucc ,1crcl6 4 ± 1.6. 20 9 + 2.0 nnd 32.7 ± I .J for 6% gl)ccrol and 16.J ± ! 4. 25.6 

± I 3 ,111<1 37.2 tc 1.1 fur 7° • l,!l)ccrol. (Table 4.5 & hg 4.14) 

Statist,cal an,d)'sis of the dcnd damagc data sho,wd thn1 there was srgniflcam 

diflcn:ncc among the glycerol percentages alkr equilibration and cryoprcscnauon. 5 

and 6°� was Mgnitkimtl) di!Tcrcm from 7°'o gl)'CCrol ,n both 1hc stages i.e. alter 

cttuil1hmtio11 and cryopreservmiou Highest dc.i<l dam�i:c pcrccnlaJ!C was found with 

7% glycerol and lowest "1lS Sl,.-.;,n ""h 5%. 

4.3. S11t•rm 11lrnorrn,.litic.� 

-1.J.I. I lend nhnornrnlillc• 

1 he mean percentages of head abnumml,tic� evaluated "ere found ro be 0.7 ± 

O.J. 2 6 ± 0.2 and 4 4 1 0.) respectively after inihal dilution. afkr 4 hour'! of 

cqu ii ibmuon and a Iler frL...,!.lll!l for 5�. glycerol. The sub=iucnt result for 6"'• and 7"1o 

i:J}ccrol levels "ere found to he l I r 0.3. 2.9 .t 0.2 & -1.2 r 0.4 and 1.0 ± 0 3. J.4 ± 

0 -1 & 6.2 t 0.6 rc�pL-cthel) ( l able 4.6 & Hg 4.15) 

l-rum 1hc st;11ishc11I nnalj sis it "a� found that thcll.' was no an) difference after 

miunl dilu11011 and equilibration. but after cryoprewrvauon "the vall>l'S for hcnd 

abnunnality vanes among the gl}ceml percentages. 5 and 6"'i. glyccml was 

signilicantly ditTcrcnl to that of 7% llii:hc�t percentage of head abnommlll) WIL'I 

observed at 7°,o gl}ccrol. whereas the lowest "a� seen m 6'Y •. 

-1 • .1.2. 1\lid·picn 11hnornrnlitic� 

1"11e mean percentages recorded for 1111d-p1L-cc abnormnfines "ere 0.7 ± 0.2. 

!.2 .i O 2 and 2.9 ± O.J after uutial dilut,on. after 4 hours of equitibrauon and after 

freezing respectively for 5°0 gl)ccrol. 06 ± 62. l.6 r 0.3 and 1.6 .t 0.2 for 6% 

glyc<,11)1 ;ind 0.4 r 0.2. 1.6 -t. 0 2 and 2 7 -t O 3 for 7% gl}ccrol level. (I able 4.6 & hg 

4.16) 
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Stuustical anal)SI� of the mid-piece ubnormalitics values showed s,gnificnnt 

diffcn.·ncc after cryoprcscrvenon 5 and 7% gl)Ccrol were significantly d11Tcrc111 ro 

thai of6% ll1ghc,t value of m1<l-p11:n· abnumrnl,ty \,a.� found at 5•;. and rhe ]o\\CSI 

"as -ccn al 6% gl) �crul a lier cr}uprcwn Jli,>n. 

4.J.J. T111I almormalitic� 

I he mean p<.>rccut,,gc, uf l,nl ahnorm.uines a Iler initial dilution. after 4 houri. 

ofcqrnhbration mid atkr fn:,·,ing were recorded as 4.1 J 0.3. 7.7 :I: 0.7 and 12.3 ± 0.7 

rcspcc1iwly for 5% gl}ccrol. l hc corrcspondmg values "ere 4 5 ± 0.3. SA± O.S and 

12 2 f. 0 x for 6% glycerol and 5 0 ct. 0 ), 9 6 J O 5 ,uni 11 8 ± 0 6 for 7o/o glycerol 

,,ddcd ,n spli1 dose. ( !'able 4.6 & rig 4.17) 

l'hc d,H,1 for lu;I abnonnalitics \\hen analyzed statistically �ho\\Cd no 

sigmficaut difference amung the glycerol percentages 111 all the 3 stages i e .. afkr 

imual ,J1luli<•n. alkr equilibration and after CT)oprc�rvation. Tail abnonnalities 

increased ,,tlcr 4 hours uf cquilibr,itinn :111,J �ho\\c<l the lnghcsl pcrccntllge 1tl\cr 

CT)Opl"t'scrvatiun al 5<\o gl yccrol le, cl 11nd l<l\\CSl "a_� observed at 7% level. 

4 . .1.4. Tornl �perm ,1hnornu1litiL'S 

I he mcJn pcrccnrngcs ottotat ,pcmmtu1oa abnormalities "en- found lo be 5.5 

i 0.5. \ I 5 ± 0.8 and 19.5 J l.O afkr mitiul dilution: after 4 hours uf equilibration und 

atlcr fre,:1ing and thawing rcsp1.-.;!hcly for 5% glycerol level. 11,c corrcspoodrog 

valuce were 6.2 ct 0.4. 12.9 :I. 0.1\ ,tnd 17.9 ± I. l for 6",o gl)Cl'rol and 6 4 .i 0.5. 14 5 

0.5 an<l 20.6 ± 0.5 for 7°10 glycerol ,,d,.kd in �plit dose. ( Fable 4 6 Ii J·ig4.l8) 

Statist ieal analysis of the total spcnn abnom1ali1tcs <lam re, cakd no di fTcrcncc 

after m1tinl dilution ancl cryoprcscrvauon. hul srgnlficam difference '"as obscn•...d 

ufkr equilibration only. 5% gl)ccn1I "Js s1gmlkuntl} different 1rom that of<, am! J-/o 

aficr equthbranon Aficr cr}oprescnat,on lnghcst total spenn abnonnalnies were 

shown hy 7° 0 whereas lcwe-t "1'� observed at 60,.o gl}c�rnl level 



T11hlr -1. 6. 

" 
Vui111iun, •(Mt'lln :I: /<!El in ht'atl, mill pi«c, 111il 11ntl io111I 

ahnurmalit, nr i\lilhun sp1·nn111010ll tlurin)! tliffrrrnl Mll�ri< or cryu11rHrn·111iun 

in �111 ii i,:.I) crrnl ,uhJ it ion md h<IU 111 difft'rt'III �!Milt"' of t'I') opre t'l"\'111 ion. 

S1:11w 11ml 11IJ ccrul 
1·n11rcntn1lion (•/•) 

Afl1·r inic,nt d,hn,un 
, .. 

6"/• 
70, 

Atkr4h 
cqu1lihmhun 

, -, 

(,•1. 

70, 

llnd 

: 0 7 J O J  
: l l t O l  

= 10101  

2  6  :1:  0.2 
'2 • > 10 2  
. l 4 t 0 4  

: 0 1 1 0 2  
'u (,10 2 
:o 410.2 

: l . 2 l 0 2  
: 1 < , 1 0 1  

' l ( , 1 0 2  

:41.t.0.3  
! 4 5 t 0 l  
:� 0+0 J 

' 7 7 .t 0 7  
• s 4 , 0 5  
• 9 6 1 0 5  

Tolal 

:5,5 t 0 5  
:6 2i0 4 
:6.•ll05 

' 1 1 . 5 l 0 8 "  
't29.t.0.8"Q 
' 1 4 5 t 0 5 H  

After th.-c,,,ng 
lhm\lng 

, .. 

()"'• 

7% 

44  t O l �  2  '>+O 3" 12.] :1: 0.7 19 5 :1: 1 0 
• " 17.9:i:1.l  ,, 

04 I 6± 0.2 12.2 :1: 0.8 

' ' 206±05 ,, 2 0.6 27 0 ., 11 Sic0.6 
� 

" 11 lndicmcs values with d1tTcrent supcr,;cnpl 11ithm ,..,Jutnn under II p.trtkulur 

fn.-c,ing stage differ S11,!mficat11I} (l'<O 05).' : ind,cat..,, 1ah...,, d1tTt'r si1111ifican!I} 

(P<O 05) among lite Cf} oprescrv n1ion stagev for 1hc I!" en gl) c,·ml concentration 

• Nn ol oh"-'r, .Uu,n· IO 
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Alt..,. lnll�I 6,lutlon 

Variation (Ml'11o * SE) in tail abnonnality of spermatozoa during 
different stages of cryopnwn·a1ion in split glycerol addition 
method. a, b on error- bar iodiutts P<O.o,- 

AftPr lnltlal <l•lutlon 

Variations (Mun ± SE) in total spum abnonnality of 
spermatozoa during different stagts of tr:,·op�enalion in split 
gl)cerol addition method. a. b on error bar indicates P<tl.05 
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-1.4. Co111 rm rism, of po�, frl't"ll'•th:iw sperm 'I"� liliC!I bc1" ttn glyctrnl �tldition 
mrlhud• 

I he pus\ fr<.-.::1c·-th;"' spcnn qu.ililtcs between non-split and �phl method of 

gl)ccml uddmou arc prc-enkxl in the 1at,lc -1 7  &  fig -1.!9. fhc companscn of post 

lrccze-thuw <junlihcs of r>.1ithun sp1.·nn bcl\\CCtl the· gl)ccrol addition methods had 

revealed grc,,tcr (l'<O 05) progressive rnotihly, LSII\ am.I D�!/1 propunmns nnd head. 

nud-piccc. 1ml and 101,11 ahnommlilics 111 5°0 glycerol "hen added in split doses 

cun1p;,red 10 a �,nglc dose !n contrast. LSDA propurtiun was not afTcctcd by the 

methods. hut lesser (P<O 05) USDA propomon was ob!.crvc-d in 5% gl)ccrol when 

added 111 split doses ·1 he propcnions of DSIII and hc,,d and nud-piccc abnonnalitics 

did nut \Jr) between the methods in 6 an<l 7% gl}ccru!. In contrast. greater (1'<0.05) 

motihty and L 'ilA prop1.H1ion and lesser (1'<0.05) LSDA ;md DS!JA proportions were 

recorded in (1 and 7% glycerol "hen addet! ,n srlil do),Cscomparcd too single dose. In 

uddllion. grcatl"r (1'<0.0.'i) aml lesser (l'<0.05) proportums of tail and 1o!al 

mo11ih11!11gieal ab11omrnli11c� were recorded rcspcLti1dy in 6 and 7% glycerol 11hcn 

added in �phl dose, . 

..i • .'i. Simi� on Apopto�i• 

rhe mean percentages or npoptotic sperm in nun-,plll and split method of 

gl)�crol ndditmn arc presented in tublc ..j 8 & 4 9 and fig 4 20 & 4 21 respectively 

.f.5.1. Non-split 

rhc mcun pcrccnt.tgcc of apcptotn sperm a Iler initial dilutmn were found 10 

be 12.10 ± 1.29. 12.20 ± I 52. 11.KO ± 1 . .19. 12.70 ± 1.42 and 11.90 ± 1.29 for 3.4.5.6 

1111d 7" o gl� ccrol rcspccuv d} A Iler equil ibration the corrc,pond mg percentages "ere 

36.00 ± 2. lO. J 1.80 ± 2.19. 24.00 ± 1.86 nnd J 1.80 t l.68: whNhcr a Iler 

cryoprcscrvruion the values were found to be 51.80 i !.99. 48.40 i I SH. 3).40 ± 

1.611. 44 40 ± 1.72 and 48 O(l ± 2 03 

Stausticul analysis uf the apoprouc perccmagc data showed s1gnilicant 

difi'cr.,ncc anwng the J �tagc� of cryoprcscrvnuon in oll the glycerol pcn:entagcs. 
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Significant difference was also observed in bct"ttn the glycerol pcrccnlili;cs allcr 

1.-quihhru1ion am.I cryoprcscn atioo. 5•10 wa� signi Ficantl y di Ifcrent from Lhat of J. 4. 6 

& 7� •. whereas there was no an) dsffereece in bet"ccn 4 and 7% in both after 

cquilihrntion and cryopn:scnation. The highest percentage of apoptotic sperm a:11 

was ob�r,cd in )0/o and the 10"1,."SI was seen in 5�. glycerol cunccntration allcr 

Cl) opn:scn mion. 

4.5.2. Split 

1 he mean pen:cotJl,\(>S of apoptotic sperm after initial dihnlcn "ere found to 

be JJ 10 ± I.SJ. 13 40 t- 1.60 and \J.10 ± 1..12 for 5. 6 ..md .,.,, respectively The 

corresponding ,alu1,.'!'; were 20.10 t- 1.31. 23.60 ± 1.74 and 30.90 ± 1.96 after 

equilibration and 34.90 ± 1.70. 43 60 t- 1.77 and 47.70 ± 1.99 after cryoprescrvation. 

S1111is1ka! anaxses of the percentages of apoptotic spem1 in split mclhod of 

addition of gl)cerol revealed significant difference between the J stages of 

cryoprcscrvauon i e. after ini1ial dilution. after cquihbration and after 

cryoprcscrvauon m .il! the gl)cerol perccn1ai,:cs i.e .. 5. 6 & 7%. It was found thm there 

was no any d,1Tercnce after imtial dilution but statlstically significant di1Tercncc was 

obscncd after equilibration and after cryopreservation in between all the glycerol 

percentages. 11,e highest apop101ic sperm a:11 percentage was seen in 7"o v..hcther the 

lowest was observed in 5'"'• �yccrol after crycpreservation. 

4.5.J. Com11a riwn of apoplosis in non-�rlil and !plit method of addilion 

Comparative studies had been done bctwet"n split and non-spht addition 

methods regarding apcntouc sperm percemage "hich arc presented in table 4 10 & 

4.1 l and ti 11, 4 22 & 4.23 re�pectivcl). 

Statisncal anal)sis of the mean pcrccmages of apoptoiie spc-rm indicated non­ 

significant difference bet"""" nvn-split and split method of addition of gl)'Cerol. Uut 

n was ob-served that percentage cf apoptouc cell was slightly higher ,n non-split than 

split method of addiuon after cqu1librn1mn and crvoprescrvanon. 
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Comparison of seminal paramcten between Non-split and split 

method of gl) eerul addition aftn freezing 11nd thawing. 

5% 6•1. 7¥. 

Seminal 
p11r11me1cn 

Non·split Split Non-split Split Non-split Split 

Progressive 
40.6±1.7 50.2± 1.9 ) 1 . 7 ± 1 . 1  42.l :!: l.5 17.4:1: l.J 33.9 :!: 1.4 

motihty 

Live intact 43.4 :1: I .8 53.J :!: 1.8 JS. I :!: l.O 45.8 ± l.6 21.2:i: 1.4 376±1.2 

Li\'C damage 4.8 ± l.2 lS ± 0.5 7.0:!oO.S S.5 ± 0.J 11.0±0.6 6.1 ± 0.4 

Dead intact 10.) :I: 1.2 9.3 :I: 0.5 16.5 :I: l.O 16.2±0.7 17.9±0.9 193±0.6 

Dead damage 40.8 :I: 2.7 30.0±1.9 41.6 :!: 0.9 32.7 :!: [.) 50.0 :!: 2.4 37.2±1.1 

Total 
morphological 14.\:1:0.8 195± 1.0 13.7:1: 1.0 17.9:i: LI 25.8 :i: l.2 206±0.5 
abnormalities 
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Fig. 4.19. Comp11rbon of stminal parameters between Non-,plit and split 
rnet hod of glycerol add it ion after freuing and I h111, ing. 
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Statistical analysis of lhe mean apoplotic sperm percentage data for the 

glycerol percentages (5. 6 & 7) showed non-significant difference between non-spin 

and split method of addition. The apoptouc sperm percentage "as found to be slightly 

higher in non-split than the split method of addition in 6 and 7% glycerol 

concentration after eqmlibration and cryopreservation. whereas at 5% glycerol it is 

slightly lesser in non-split than split. The lowest apoptotic sperm percentage "as 

observed at 5% glycerol and the highest was seen m 7% after cryopreservarion in both 

the addiuon methods. 
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i\lc11n (±5£) percentage of epeptotlc s11erm in Non-split glycerol 

additlcn met hod at d iffercnl si11gC$ (lf eryoprcserv111ion. 

Stag" (lf 
'% '% , •. , .• '% 

e ryu p rese n· a t io n 

After lnitiul 
12 1 "- l.29'A 12.2"- L,2'A tl.l:1cl.39'A 12.7 "- 1.42'A 11.9± 1.29'A 

Dilution 

After 
19.3"' 1.6J'A l LI"- L61'C 36%210"D 3\.l>:2,19'C 24 "- l.86'B 

Equilibration 

After 
,1 8,t: 199'0 48.4· "- 1.,a•c H 4 s l 6 B' A  44.4x L 72'8 41•20l'C 

Cryopreservation 

Figures with same superscript (a. b, c) do not differ significantly in columns 
Figures with same superscript (A. B. C, I)) do not differ significantly in rows 

Table. 4.9. Mon {±S•:) 11pop101k eperm pcrecn111gc in !plit glycerol addition 

mt1hod •• different �t11ge1 of cryoprucrvati(ln, 

Gl)·eerol Concentnition 
Stages of 

eryoprestn·ation 
5% 6% 7% 

After Initial 
13.lO± 153'" 13.40± 1.60'" \),10± 1.42'" 

Dilution 

After Equilibration 20.10± 1.31b,I 23.60± 1,74bB 30.90 ± l.96bC 

After 
34.90± 1.10<" 43.60± 1.77'11 47.70:1: i.wc 

Cryopreservation 

Figures with similar superscript (a, b. e) do not differ s,gmlicantly in columns 
Figures with similar superscript (A. B. C) do not differ significantly in rows 
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Fig.4.21. Apopco1ic 5JX'rm percentage in split gl)Ctrol addition method at 
dlffen:nt stage!! or cryopresen·ation (• indicates p< 0.05). A, B, C. 
on error bar indiutes P<0.05. 
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Table. 4.10. Comp11ri!on of apoplOlic sperm pereentage al different nagt� or 

cryoprescn-111ion in Non-�pli1 and split method of addition or 

glycerol. 

Glycerol addition method 

S111ge, of Cl')'Ofll'CSCl"\'alion 

Non-Splil Split 

After Initial Dilution 12.14:1: 1.37' 13.20± 1.50' 

After Equilibmhon 28.58 :I: 2.66b 24.90 :1: 2J)b 

After cryopreservation 45.20 :t 2.68' 42.07 :t. 2.51' 

Figures with same superscript (a, b. c) do not differ significantly in columns 

Tnblc.4.11. Com1111rison bet"Cl'n 1he mun 11pop101ic sperru percentage In the 

�pllc anti non spl It met hod of 11tld Ilion of gl) cerol in tliffrrcnl uagcs 

of eryepreservaticn. 

/\flu Initial 
Arter E11uilih1'111ion 

Afltr 

Glycerol Oilollon Cl') oprc9tn·111lon 
euncentratlon 

Non- Non- Non- 
Snlic 

Split 
S•ilit 

Split Snli1 Split 

5% 11.8� 1.39 u.r, U3 19.3" 1.63 2 0 1 "  1.31 33.4 s 1.61 )4.9 ,1, l.70 

6% 12.7,tJ42 1 ) 4 ,t l 60  2 4 ,t l 16  236�1.74 4 4 4 2 1 7 1  4362177 

7% 1 1 9 ,t l .2 9  13.1 .. 142 J l l  ..  168 309ct 1.96 48�203 47.7;, 1.99 
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Aftet EquMIMtion 

Sttp of c._rHl'fYallon 

Apoprn1k spc,rm pc,n-tnlage in split and non splil method of 
addition of glyttrol al different con«o1n11ion In difTtnnt slag« of 
Cl')"Opn$en·ation. •· b, ton error bar indiutu P<0.05. 



Apoptotic ,penn cell (Propldlum Iodide) 

Photo.D. Photographs 1howin9 normal and apoptotlc spenn cell 1talned with FITC and 
propid1um Iodide. 
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DISCUSSION 

5.1. Addition of i:lyecrol in single do5r 

In the experimeru-l. Progressive motility and the proportion oflive spenn with 

intact acrosomc (LSIA) were decreased (1'<0.05) but. the proportion of dead sperm 

v.ith damaged acrosomc (DSDA) and mid-piece. tail and total morphological 

abnormalities were increased (P<0.05) afler freeze-thawing compared 10 final dilunon 

or 4-h equilibration in all glycerol concentrations. The proportion of hvc sperm with 

damaged acrosornc (LSDA). dead spcnn with intact acrosome (DSIA) and head 

abnonnalities \\\,re mcreased (1'<0 05) after frecn.'·thawing compared to final dilution 

or 4-h equilibrauon in all of glycerol concentrations except 5% In 5% glycerol. 

LSDA propomon was not difTcrent among the cryopreservation st.ages and OS(A and 

head abnommht1es portions were lesser (P<O 05) after dilution compared 10 

equilibration or freezing 

After dilution 1he sperm quality parameters "ere not different among the 

glycerol concentrations. Similarly. afler equilibration. no differences were observed in 

spenn quality par..mctcrs among lhc glycerol concentrations except for tail (lesser in 

s•;. glycerol; P<0.05) and total abnonnalities (lesser in 5 and 6% glycerol. P<.0.05) 

After freeze-thawing, i;rcatcr (P<0.05) motility ond LSIA proportion but. lesser 

(1'<0.05) LSDA and DSIA proportions "ere observed in So/. compared LO 3. 4. 6 or 

7% glycerol. Further. lesser (P<O OS) proportmns ofDSDA and all the morphological 

abnomialitics \\ere observed after frccve-thawlng in Sand 6 compared to 3. 4. or 7% 

glycerol. 

During cryopreservauon. sperms arc exposed 10 severe stress due 10 cold 

shock. which affects the livability and structural and funcuonal imegmy of preserved 

sperms The degree of cryo-injuries strongly depends on the species-specificity of 

spcnn physiology (Thurston el <JI 2002) that can differ among the related species 

(F,cl..cl el t1l. 2007). Therefore. species specific optimized cryopreservauon protocols 

arc required for obrnming bt:st rcsulls. In this study. "e tried to optimize the 

conccntrution and add,tmn method of glycerol into dilucnts for cryoprescrving mlthun 
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sperm usmg rris-egg yolk diluents.. Tiie results indicated lhat lhc post freeze-thaw 

qualities of mithun spmn were significantly affected by the concencauon arid 

add,tton method of glycerol. 

Bult sperms arc routinely cryopn:scned in the diluern containing 4 to 8% 

glyc<'rol and accept.able resulls have also been obla.ined in \\ild ruminams using this 

range (Jlopkins n al 1988: Garland 1989: Fennessy"' a/. 1990). In the present study. 

m single dose of a<:ldi1ion of gl)ccrol the percentages of progressive motility and live 

mtact acrosomc were found to be 40 6± 1.7 and 43.4±1.& in 5% glycerol 

conccntnuion. These percentages ""re significamly greater than 1ha1 obtained by 

Cl)'Oprescrvmg m J. 4. 6 and 7% 11,lyccrol. Add,tionall). the other sperm qualilativc 

parameters were found better "hen 5% glycerol was used. 111c qualitative parameters 

were comparable with previous studies in mithun (Dhali ,.,, al. 2003: Karunakanm et 

al. 2006). [)hali rt al. 2008 found 43"• progressive motility and 55% live mcact 

acrosomc and 25"• abnormal sperma10:roa h) using tris-egg }Olk diluent oomaining 

5.6"• glycerol. In this study lhc percentages of progressive motility and live intact 

spermatmioa in cryopresen ct! semen samples "ere found w be, comparatively lower 

than canlc bull. Pre, ious rcpons in can le indicate that semen retains approximacdy 

50-70"/e mohllt> and 60-70"/• liH.> intact aerosome "hen cryopreser-.·ed in rris-egg 

)Oil gl)ccrol dilucnts {V)as el 11/. 1992: Thun el ol. 2002: Januskauskas cl 11/, 

2005). But similar results were found m case of spermaroeoa aboonna!itics in canlc 

, c 70-80% remain morphologically normal (Somfai cl 11/. 2002; Nagy el 11/. 2004). 

111c total head abtlOmlalitics were found to be, lesser in 5"• glycerol added in single 

dose than the other glycerol percentages. 

Gl)cerol 1s widely used permeating CT)Oprotcctant (Watson. 1990: Holt. 2000) 

for sperm cryopreservation. Nevertheless. the op1imal glycerel concentration in 

dlluents vanes among species {Holt. 2000: Agea and erister. 2002) and depends on 

the rate during the crvooreserveuon process (Fisher and Fairfull. 1989: Wacson. 

1990). The crycprcscrvation method used in the present study was simple and easy to 

perform and the method excluded the use of a conuollcd cooling device. ln this 

method. after dilution sperms \\ere e(!Uilibratcd at 4"C for 4h. then kept in liquid 

nitrogen (LN1) ,·apour for 10 minutes and linall) plunged into LN1 for storage. 

Various authors had found better results with different glycerol concentration Hong 
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{2003) compared 2. 4. 6 & 8o/• glycerol for cryoprcserving blue foxes spcrmatowa 

and found 4% glycerol to be optimum for cryoprcscrving Santos (2006) used two 

glycerol ccnccmrations Le. 6"/o and 3% for cryoprcscrving red deer cpididymal spcnn 

and found that 6% glycerol "ith rapid cooling rate. sigmlicamly improved 

spermatozoa frc.:zabihty. Ra-ul (2007) found that the addition of glycerol (6%) al 

37°C yielded bcucr post thaw sperm motiluy. plasma membrane ,nccgnty and 

\Cl01:1l1cs than add,11on at 4°C. In this study the results indicated that using 5% 

gl)ccrol was most suitable for cryoprcscrving m11hun semen n,c poor post thaw 

sperm qualities with 3 and 4% glycerc! might be due to the fact that the cooling rate 

of the used cryoprcser.ation method was not probably sufficient for frccr.ing mithun 

sperm as lower glycerol concentrations generally requires faster coolmg rate [Watson. 

1990). In contrast. the post freeze thaw spem1 qualities with 6 and -,.;. glycerol might 

be atmbutcd to the toxic effects of such higher glycerol concentrations (llolL 2000: 

Mcl.aughlm t'I al. 1992). 

5.2. Addi1ion or i:•, ccroL In .,plit do,e 

In the cxpenmcm-Il. 5. 6 l!i. 7 % glycerol was selected based on lhc results of 

the experiment-I to study the effect of addition of glycerol in split doses. 3% and 4% 

glycerol conccntrahons "ere not included because of the poor resul!S sho,,n m the 

expcrimcnt-l An al\crnpt had been made 10 improve the quality of preserved sperm 

by adding these glycerol concemrations in divided doses so that the toxic effects of 

glycerol does not affect the sperm quahly. In all glycerol concentrations. motihty and 

LSIA proportion were reduced tl'<0.05). but the proportion of DSlA. DSDA and 

head. tail and total abnormalities \\ere increased (P<0.05) after freeze-thawing 

compared lo diluhon or cquihbration. The proportion of LSDA was found lesser 

(\><0.05) after d1lut1on comp.ir�-d lo equilibration or freeze-thawing m all glycerol 

concemranous. The proportion of mid-piece abnormalities "as lesser (P<0.05) after 

dilution compared to equihbration or freeze-thawmg in 6 and 1% glycerol. In So/. 

glycerol. dlthoul:\h s,milar mid-piece abnormality was found after dilution and 

equi hbrauon. it was greater (P<O 05) after rr�-<,zc-thawing. 

All the spcnn quality parameters after dilution and the proponion of head. 

mid-piece and tail abnormalities after equrhbrauon were found similar among the 
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glycerol conceeuancns. Af\er equilibration and freeze-thawing. greater (P<0.05) 

rnotihty and LSIA proportion and lesser (P<O 05) LSDA and DSIA proportions "en: 

obser .... ed in 5 compan:d to 6 and 7% glycerol. Lesser (P<0.05) proportion of DSDA 

after cqu,libration and freeze-thawing and lesser (P<0.05) total abnormalities after 

equilibration were found m 5 and 6 compam:l to 7'• glycerol. The proportions of tail 

and toml abnormalities after freeze-thawing were not d,ffercm among the glycerol 

cone em radons In cornran. after Ireezc-ihawing, lesser (P4l.05) head abnormalities in 

5 and 6 compared to 7% glycerol and tcsser (P<0.05) mid-piece abnormalities in 6 

compared to 5 and 7% glycerol "en: obscned. 

The split dose of addmon of gl}ccrol was done at 4°c to compare the effects of 

temperature on addition of glycerol. Lo"cr glycerol w:,.icity to ram spermatozoa had 

been found "hen it "as added at O"C {Colas. 1975). but glycerol addiuon at 22°C had 

imprmcd the post tha" motili1y of stallion sperm (Vidamcnt. 2000). Bcucr posl 

freeze-thaw qualit) of goat sperm had been recorded when .,.� glycerol was added al 

37°C compared lo S"C. In contrast similar post tha\\ qualities of ram sperm had been 

observed "hen glycerol was added at room tcmpera!Ure or 5°c (Monier el uf .• 2002) 

S1m1larly. no d1fferences had been observed for bo\'1nc sperm gly�roh1ted at 5. 10. 20 

or 35°C (Salisbury et al. 1978) and the qual1l) ofcl')o�cd dog sperm was not 

influenced b) glycerol addition at either 37 or 4"C (l'ena el al. 1998). In the present 

stud) a S>i:Jlificam increase: in post thaw motilit} (50.2 ct 1.9) and proponion of live 

rmect acrosomc (53.3 ct 1.8) was �cd and most of the other qualitaLl\"c 

parameters were found better "hen 75% of tot.al required gl)"ccrot (5. 6 or 7%) \\llS 

added in split d05C'S at 4°C compared to the single dose addition of entire amount at 

37°C. There was no any pn,,ious infonna1ion regarding the use of glycerol in split 

dose m milhun semen cryoprescr,ation hence the results were not comparable to any 

other worker 

In both the c:,;pcnmcnts (single and split dose addi11on). 5"1. glycerol was 

found to be better than the rest of the ccrccntrenons 111 rc'Sf)CC\ of all the qualitative 

parameters i.e .. higher percentages of progrcssi,·e mouhty. hve inlllet acrosome and 

lower percemagcs of hve damaged. dead intact and dead damage acrosomes. But 111 

case of total abnormalities it was found that 5% glycerol showed slightly higher 

pcrccntages than 6% "hich might be due to more uul and mid-piece. abnonnalities. 
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This might be due to md1vidual variation ar1d prolon11cd exposure to environmental 

Lcmpcraturc during collccuon or processing. 

S.3. Double staining 

The currcm study revealed that the Trypan blue and Giemsa staining technique 

can be used cffic,cnt!y for sirnultanecus evaluation of viability, morphological 

abnonnality and acrosomal mtcgrity of m,thun spcnn. Different workers had used this 

double staining technique i.e. Trypan blue to drffcrcntiatc live from dead and Gicmsa 

to stain the acrosome. Sidhu d al. (1992) used this double staining procedure for 
' detecting true acrosome of buffalo spermatozoa. Jankovrcova �, al. (2008) applied 

Lhi� double staining to study the acro,;omal integrity in canlc spermato:1.oa. Didion el 

lll (1989) described double staining procedure to dctcct viability and the truc 

acrosomc reacnon in spcrmato7oa crvanous species. 

5.-t. Apoprnsis of spenn 

Apoptos1s. a physrclogjcal programmed cell death 1s a complex phenomenon 

that can be divided into 3 phases· induction. execution 11I1d degradation Mitochondria 

arc known to play a central role dunng the execution phase. Afler induction of 

apoptosis. mitochondrial pon:s are opened. chametcnzed by decreased mitochondria! 

membrane potential. opening of the muochondrial pores leads 10 the release of pro­ 

apopto1ic factors from mitochondna {Manin (!/ 111. 2004). In the cytoplasmic 

companmcnt. the proapoprouc factors. for c�ample. d11Tcrenl proteases related to the 

caspascs family (C)stcine proteases with aspanatc spcciflcny) are subseqccnuy 

activated. leading to the degradation phase. During this phase. changes at both the cell 

surface and the nucleus occur. Phosphaudylscrmc (PS). ordinarily sequestered in the 

plasma membrane ,nner 1cal1et. appears in the outer lealkt. where it triggers non 

inl1runmatrny phagocytic n:cogmtion of the apoptotic cell (Bratton el al. 1997). 

The most significant changes related to apcptosss arc the extcmahzetion of 

the phosphatidylscrine (PS). DNA fragmentahon. caspase ecuveuon. loss of 

mitochondrial membrane potential. and increase in spenn membrane pcm1eability 

(Bratton el al. 1997: Glander & Schaller. 1999; Manin et al .. 2004; Khan el al .. 
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2009). Sc\'cral pathways are reported for mammalian cell apoptosis. These include the 

intrinsic. extrinsic. nnd apoptosis-lnducing foctors. During the early phases of 

disturbed membrane func1ion. asymmetry of the membrane phospholipids occurs. 

before the integrity of the plasma membrane 1s progressively damaged (Manin et ul .. 

1995). Whc11 the cell membrane is drsrurbcd. the phospholipid PS is translocated from 

the mncr to the outer lcanc1 of the plasma membrane (Dcsaghcr & Martinou. 2000). 

Spcnn cryoprcservenon rs a widely used procedure m the corncxt of assisted 

reproductive techniques Apoptosis occurs in th<' freshly ejaculated sperm cells, but 

Cl)oprc�crva1ion acts 11s an apoprouc mechanism inducer The rate of apoptosis vanes 

111 individual bulls which could be regarded PS a marker of fertility for selection of 

good quulity breeding bulls. Cryoprcscrvation and tlml'.iny is a procedure that rnfhcts 

irreversible injury on spcrmatonm Cryoprcscrvation reduces lhc no. of hve 

spermatozoa in the semen. There could l1'C several reasons for the induction of 

npcptosis in frozen semen Dunng cryoprescr.·ution. the spcnn plasma membrane is 

deMabili7.l-d due 10 low tcmpcrmurcs and hii,:h saft concentrmions. leadin11 to marked 

cha1111e� in 1hc lipid components ofspcnn plasma membranes in mm. boer. and bull. 

In addrnon. chemical toxicity due to glycerol and immune responses due to egg yolk 

,n semen extender cause nhcmuons in the plnsma membrane of spcnnatowa. Under 

nonnal physiological conditions. cell membrane asymn1etry is maintained by the 

phospholiprd translocators (known as Oippa.'>eS). Frce,ing und thuwing might lead to 

damage of the Illppase present in the plasma membrane. causing 1ransloca1ion of PS 

from the inner 10 the outer leatler. an early sign of npcprosis Like somatic cells. 
spcrma101oa live in an aerobic environment and fucc reactive oxygen species that 

cause folly acid peroxidation of membrane phospho!ipids and thus. afl"L'Ct sperm 

function. Lipid percxidation of plasma membrane increases after Ireezmg and 

thawing of bull and human spcnn. whrch may cause apoptosis in these cell�. (Anzar. 
2002). 

During conventional fn:et.mg. water precipitates as ice and ofkn leads to 

nssue damage. acts on cytoskeleton or genome related structures. Ice crystallizenon 

induces an unregulated and mechamcal damage in the spcnnatot.oa leading to death 

\\hkh may be related to apoptosis lilc phenomena. h is wrdely known that the 

crycpreservauon �ua!ly causes sub lethal cryo damage to spermatozoa, decreasing 

post-thaw cell viability. The freet.mg·lha"ing of human (Glander & Schaller. 1999). 



75 

bull (Martin el al. 2004). OOIII" (Pena n a/. 2003). stallion (Onega Ferrusola rt al .. 

2007). and dog (Kim el al. 2010) spermatozoa indoccs membrane PS transloca1ion. 

what dcmonstnucs that cryopreservation kads to apoptosis. Therefore. detecting early 

phases of membrane dysfunction. or initial phases of apop1osis of viable spermatozoa. 

would be important "hen c,·aluating stn:sscd spcnnatozoa. such as U10$C subjected 10 

freezing and thawing. and would be useful for cornrolling freer.mg procedures in 

semen. Se,cral workers had recognized apoptosis as a cause of sperm death during 

cryoprcscrvat,on tile Chaveim el al. (2007). Feitosa et al. (2008) and Martin et al 

(2004) m bovine sperm. Bolanos el al. (2011) and Onega el al. (2007) in equine 
sperm and Khan et al. (2009) m bulfalo sperm. 

In the prcsem Sludy apopmcic cells "ere found in all the J stages of 

Cl)oprescn·ation i.e. afte,.- initial dilution. after eq11ilibration and after freezing and 

tha\\1ng. The apopt�ic sperm percentages were increased significantly after 

equilibration and fn:eze-tha\\ing. Similar results Wtre obtained by Manin el ul 

(2004) "here the apoptotlc sperm percentage were 11.J ± 10.6% and 449 ± 17% 

before and after cryopreser.'ation rcspecti\'cly. Ortega el ul. (2007) found apoptotic 

sperm with higher membrane permeability in fresh semen (7.2 ± 3.30). coolo:d semen 

(10 ± 9.66) and frozen (18.7 ± 9.15) after stained "ith yo-pro and ethidium bromide. 

Khan cl ul (2009) found increased apoptOlic sperm percentage after fTI:C2111g and 

thawing in buffalo sperm (25..1 :1:. 0.6 % vs. 36.5 :1:. I 9%) In the present study the 

apoptotic sperm percentage wen: higher after equilibration and Ireeze-thawmg in both 

split and non-split method of glycerol addttion. But the apoptOlic sperm percentage 

was slightly higher (non-sigmlicant) in non-split than split method of gl)·ccrol 

addiuon. Thcre "en: no any difference in lhe apoplotic sperm percentage after initial 

dilution but di!Ten:ncc was found after equilibration and freeze-thawing in both the 

addiuon methods. In the present study it was noticeable tha1 the apoptotic sperm 

percentage were increased m all the glycerol concentracioru except 5"• \\here the 

apoptotic sperm percentage wen: comparatively lesser than rest oflhe concentrations 

1n both split and non-spht method. This establishes the role of adj act concentration of 

glycerol in conlI-Olling apoptOSis by sperm damage due 10 cryoprcscnation. Proper 

dose of glycerol can reduce the percentage of apoptotlc sperm by limit.mg lhe tissue 

damage due to cryopreservauon, The glycerol additJon method has no dim:t effect on 
epoprosrs of mhhun sperm. 
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The sensithc tunnel assay that was used to study the apcptosrs in mithun 

spcnn was based on the principle of detection of single and double stranded DNA 

breaks occurring at early sieges of apoptcsrs After an enzymatic reaction. the 

fluoresecm label incorporated al lhc damage sites of DNA is visualized by 

fluorescence microscopy using l'ITC/Pl stain In the present finding the apoptotic 

spcnn appear red with propidium iodide (Pl). "hilc the nonnal non-apoptotic spcnn 

appear grc<.,n with FITC sum,. ln the present cxpcrimcm 11 was ohs,;,rvcd that the 

percentages of cells that stained with Pl aller cryoprcscrvation was more than before 

cryoprcservation. Similar re�ult was found hy Martin t'I al (21XM) "Ith the Pl assay 

and got 50 8 ± 14.2"• cells stained ,,.,,th I'[ after eryopreservation than against 28 ± 

12.7% beforc cryoprcservanon The pcm1cabihty of the Pl was higher in the dead 

cells because ofrhc opened mitochondnal pores due to apoptosis. 

The present experiment was conducted with the hypothesis that 

cryoprcM'rvatlon was associated with the activation of apoptot1c process m 

spermatozoa and with the tunnel assay procedure it was established that trn'rc was 

presence of apoplotic sperm in mnhun semen in both fresh as well as cryopreserved 

state The viability of the sperm cells reduced remarkably afler freezing and thawing. 

But this tunnel assay method was not sufficient to establish apoptosis in mithun sperm 

as there need !O be detailed studies on mitochondrial membrane potenual. caspase 

actila1ion and increase membrane permeabslhy to explain this comple� process of 

apoptosis. 



Chapter-VI 

SUtntnWUf and �um 



SUMMARY 

1llC present investigation was carried out for a pc-riod of 2 years in the 

Institutes (NRC on Mithun. Nagaland) farm at Jhamapani. Semen samples were 

collected from 5 adult health) Mithun bulls aged between 4-6 years through n:ctal 

massage method and the semen samples exhibiting a mass ectiviry score of J or more 
wen: only processed funher for freezing, 

After collection. the samples "ere partially diluted b) adding I ml pre­ 

l'.am1cd (37°C) iris-egg yolk diluents {Fris-hydroxymethyl emincmethane 24.3 

mg/ml. sodium cltrate I 3.4 mg/ml, fructose 10 mg/ml and egg yolk 20"/•: Pcnicillium 

G sodium salt 1000 JU/ml and dihydrostreptomycin I mg ml). The partiall) diluted 
samples were maintained at 37°C for further processing. Final dilution of the samples 

was done with pre-warmed (J7°C) tns--cgg )Olk dilucnts in such a "8) that after final 

dilution and gfycercl addition each ml of sample contained 60><10' sperm. Following 

the final dilution. the samples were equilibrated at 4°C for 4-h and glycerol was added 
into the samples in a single dose (Experiment-I) or split doses (F..xperiment-2). Jn the 

experiment-I. the semen samples were CT)Oprescned using 3.4.S.6. and 7% gl)'Cerol 

and glycerol 1,1115 added into lhc: diluents in a single dose at )7°C after final dilution 

and kept immediately at 4°C for equilibration. In !he: experimem-ll. the semen 

samples were crropreserved using S, 6 and 7% glycerol and !he: tot.Ill glycerol was 

divided into four equal partS and a part was lidded into !he: dilU<"nts after flnal 

dilution at Oh {immediately before equilibration. 37°C). lh (4°C), 2h (4°C) and Jh 

(4°C) of equilibration, After equilibration. lhc: samples were loaded into pre-cooled 

(4°C) 0.SO ml straws leavmg a small air space al the end and sealed with PVA 

powder. The straws 1,1ere then frozen in liquid nill'Oge11 Vtlpour (S cm above !he: liquid 

nitrogen te,el) for 10 min and sub!icqucntly plunged into liquid nitrogen for s10111ge. 

In both the expenmcnts. the interval between the partial dilution of semen samples 

and beginning of equilib1111ion did 001 exceed (i() min. Semen volume. mass activity in 

the fresh samples and spcnn coreemreuon in par1ially diluted samples were 

determined. The sperm qualitati,e parameteB (progressive motility, !i,·ability, 

aerosomal integrity. morphological abnormalities and apoptosis) were determined 

after final dilution. 4-.h equilibration and afkr freeze-thawing. The frozen samples 
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\ICl'I." cvnlu.ucd allcr mimmum 7 da�·s of «oragc m liq11id nitrogL'n Ille oi>jcct,vc of 

tlm slild) "as to lind uut the MUIHl>k gl}Ccrol ccocerurauon for cr)oprc�n,rng 

mithun semen. study the effect of nddit1rn1 of gl)ccrol tn �pill and non·�ph1 method 

and the effect of er) nprcwrv auon on ncrosemal intcgrit) und U[)OploMs. 

In lh<· npcrnncnt-1 1 c. the a<l<lition of 11,f)ccml ni ll<'ll·splil mcthO<l. the mean 
pcr�cm:ii;c< ufpmgrc,sivc m<>tilll) were found 10 he 67.8 I 2 H. 43 2 t 2 land 1),9 .l. 2.0 

for l" o gl�ccrol JJlcr initinl <li lul ,on. i•ller 4 hours of eqm l,hnnion and II Her frcc1i11tt und 

lha"n1i;. I h<· ,uh,cq11en1 pcrccnllljjCS "' progrcvvi I c mot ilrt)' "ere tound 10 he (, 1.2 J 2 l. 

44.2 I 2 4 and 26 5 .t 2.7 fi•r 4"'o jjl)LCI\JI: (,5..\ I 4 I. 4<J,k .l. 2 2 nnd 40 b ;  1.7 for 5'1'. 

gl)ccrol. 66.1 + 2 9, 45.2 .!. 2,  nnd 31.7 t I.I for (1% gl}ccml and 66 3 + 1 7. 4S l I 1.0 

1,nd 17A t 1 l fur 7"• !!l)Cl'rol lhc percentage of[lroi;rcssiH mo1ilc vrerrn u1 S"• 

i;l}ccml "H' signilkuntl) ( 1''0 OS) ,hlTcrcm co thut or 3"•· 4"•· 6% 11nd 7"'011l)lcrul. I he 
mcui, percent of h,c intnel "ere found tu be 70 9 ± 2.7. 46.7 + 2 (, und 18 0 I 1.7 utkr 

i111li,1I d1l1Hiun nllcr 4 hour., ol C'!llllihrutarn am! allcr frcc,ing and lhu"irig for J"lo 

i;l}ccnil I he li,c in1,.c1 11en.cnrngc, fiir 4"• !!l)CCl'OI were found 10 ht: 71.l J 2A. 4S.6 I 

2. I uml 20 2 I 2.2: l<1r �··• 6? 2 J 4 0, �2 8 J 2 2 nnd 4).4 I 1.8: for 6""' 70 l I l.J, 49,4 t 

2 •I and l� I t I.(): tor 7°0 71.5 + 4.1. •19 'J -t ).2 and 21 2 t 1.4. I i,,. i111uc1 acrovune 

pcn.·c,n:1i;c al �"• l!i),·crnl cuncvntrutum \\,IS <ii;11itkun11) drtfcrcm lffi111 l. 4, (, mid 70,. 

l!l}ccrul. l he mean percentage, uf li,c damage uncr initial dilution. 4 hour< of 

c4tnlohru1i1>11 und frcc,in1:1 und lh1miog "ere recorded CO be 2.'} I 0.3, 4.7 J 0.5 and 10.7 .I. 

0 � l\,r l"o gl)Ccml. J.O + 0 J. 5 0 ! () 7 um! I0.5 t 0.5 for 4"/• gl}ccrol: 3 0 i O 6, S.2 .l 

O II and 4.ll ± 1.2 for s•/o gl)ccrol: 1.2 ± 0.5. 5 2 t 0.7 1md 7.0 + 0.5 for 6o/• glyccml and 

2.0 ! 0 \ 5.6.1 0.4 and 1 1 .0 ± 0 6 for�• l!l)Ccrol. I ,aluution ufthc dat.1 sh,,....ed tlmt the 

Hvc <larnngc ucnoomc [)Crccnrn11c• at 5% 11l)CCrul ""s slgniflcaruly different frum l, 4 

nn<l (,•. "hcn:1" there "ere no an} dilTcrcnce bt:t"een l, 4 am! 7°0 gl}cerol ancr 

Cr\ oprcwrv at iun. 11,c rucun percentages of dcDd i11U1c1 "ere r«ordcd to I!<: 6.2 J (),8, 14.4 

t I 2 und 20 II +  2.3 nflcr initiul <.lilu!oon,. 4 hour., cfequlllbruuon un<l uf\cr frcc,in11 un<.I 

lhm,11111 for 3°0 glycerol rnnccntrntion I he subsequent reading< «ere r,•conkd 10 he 6 5 

± 0.'}. 15 I ±  1.1 and 20.6 ± 2.J for 4% gl)c,•rol: (19 .! 0.9, I I I t I I mid 10 J ± I 2 for 

5%, H.0 ! 0 7. IJ.O L I.I and 16 5 ± I for 6% gl}ccrol and 7 6 ± 0.8, 12.1 I 1.0 and 17,9 

I o.•J lur 7% 11l)ccml l here "as no 1111) <.liOcrcncc hct"l-..·n J. 4 and 7% 1,tl}H·rol. but S*,• 

gl)n·ml ,h,,.,ett sigmfica111 diffcrcnn· lo 1lml of 3 4. 6 & 7 !he mean pcrccmagc� of 
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dead damage were found to be 21.J ± 1.8. 34 6 ± 2.0 and 50.8 ± 25 after initial 

dilution after 4 hours of equilibrauon and after freezing and thawing for 3% glycerol: 

20.6 ± 1.9, 34.4 ± I .5 and 49.5 ± 2.4 for 4% glycerol. 22 5 ± 2.8. 31.9 ± 2.3 and 40 8 

± 2. 7 for 5% glycerol: 22.1 ± 2 3. 33.3 ± 3.2 and 41.6 ± 0.9 for 6% glycerol and 20.8 

:!: 2.1. 33 -I ± 1.9 and 50 0 ± 2 4 for 7<'/o glycerol concentration Then' "as significant 

difference after cryopreservat,on. 5% and 6"/• glycerol was significantly different 

from 3. 4. & 7%. but in between 5 and 6% glycerol there was no significant 

difference. 

The mean percentages of head abnonnaliti<'s "ere found 10 be 0.9 ± 0.3. 3.0 ± 

0.3 and 6. l ± 0.4 after imual dilution. 4 hours of equilibration and after freezing and 

thawing for 3% glycerol: l. I ± 0.3. 2.8 ± 0.3 and 5 3 ± 0.6 for 4% glycerol; l .2 ± 0.4, 

2.6 ± 0 4 and 2.8 ± 0.4 for 5% glycerol: 0.8 :1: 0.3. 2 0 ± 0 5 and 3 2 ± 0.4 for 6t 

glycerol mid 0.6 :1: 0.2. 2.9 :I: 0.3 and 6.2 :I: 0 5 for 7% glycerol concentrations. 5% 

glycerol was sigmficantly different from J, 4 and 7%. The mean percentages of mid· 

piece abnormalities in the 3 stages t.e ; after initial dilution. after 4 hours of 

equllibraticn and after freezing and thawing were found to be 0.2 :I: 0.2, 1.2 :I: 0.3 and 

J.1 :I: O.J for 3% glycerol. For the subsequent concemrations the value were recorded 

as 0.4 ± 0.2. l 3 ± 0.3 and 2.9 :I: 0.3 for 4% glycerol: 0.5 :1: 0.2. 0.5 :I: 0 2 and 1.6 ± 0.2 

for 5% glycerol; 0 2 ± 0.2. 0.7 :I: 0 2 and 1.5 ± 0.2 for 6% glycerol and O 6 :I: 0.2, 2 9 ± 

0 3 and 6.2 :I: 0.5 for 7"/o glycerol. 5 & 6% glycerol were significantly different from 

J. 4 and 7. The mean percentages of tail abnormalities were found to be 4. 7 ± 0.3, 9.4 

:I: 0.5 and 16.3 :I: 0.9 after initial dilution. afler 4 hours of equilibration and after 

freezing and thawing for 3% glycerol: 3.4 :I: 0.5. 8.6 :I: 0.8 and 16.1 :I: 0.8 for 4% 

glycerol; 4.1 :1: 0.3. 6.5 ± 0 3 and 9.7 :1: 0.5 for 5% glycerol: 4.7 ± 0.5, 7 0 :1: 0.7 and 

9 0 ± 0 6 for 6% glycerol and 4.6 ± 0.3. 9.5 :1: 0.4 and 16.6 ± 0.9 for 7% glycerol. 5% 

glycerol was significantly different from rest of the percentages. but there was no 

difference between 3 and 7% after equihbration. After cryoprescrvation 5 and 6% 

were significantly different from 3, 4 and 7%. The mean percentages of total sperm 

abnormalities were recorded as 5.8 :I: 0.5. 13.6 :1: 0.8 and 25.3 ± 1.0 after initial 

dilution. after 4 hours of equilibration and after freezing and thawing for 3% glycerol: 

4.9 :I: 0 5. 12.7 ± l. l and 24.2 :I: ! .0 for 4% glycerol; 5 8 :I: 0.3. 9.6 :I: 0.6 and 14. l ± 

0.8 for 5% glycerol, 5.7 :I: 0.6, 9.5 ± 0.9 and 13.7 :I: LO for 6% glycerol and 5.6± 0.4. 
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ZJ 6 ;_ 0.1111nd 25.8 ! 1.2 for 7"'• gfyccrcl Aflcrcquilibmt1on and crycprcscrvancn. 5 

and (i
0o glycerol were significantl) different frum ), 4 and 7"'• 

In the cxpcrimcnt-Il i.e. mldiuon of glycerol 111 �p!it doses 111<: mean 

percentages of prcgrcssiv c monluy 11cre found tu be 911 8 ± 2.J. 64 1 ± 1.5 und 50.2 ± 

1.9 ullcr 1nitml diluuon. atlcr -I hours of cquilibm1ion and after fn-t:1111g for s•. 

gl)Ct'rol: 74 I ± 2.9. 511 0 ± 2 5 urnl 42.1 ± I 5 for(,% glycerol mid 74.5 ± 2. 7. 53. 7 ± 

2.0 aml .lJ.9 ± l.4 fur 7�. gl)ccrol add<·d in �plit d""" Aller l'<juilillrahon. the menu 

progressive motilit) percentages at 5% glycerol 11crc significantly <lifTcrcnl from 6 

and 7%. but atlcr crycprcscrvation all tile gl)ccm) pcrn•ntat,!c� ,ary s1gmlic,mt!y 

urnong themselves. Ibc mean pcrccutagcv of li1t· muct ucmsomc "ere found to bi: 

84.3 ct J. I. 67 5 ! l 2 and 53.J ct 1.8 nttcr initial dilution. a Fl er 4 hours of equilibration 

and 11Hcr rrce,.ing for 5"/• glycerol; 78 3 f. J 4. 61.9 ct 2.2 and 45.8 ct 1 6  for 6% 

glycerol and 78.0 ± 2.9. 57.7 ± 2.2 and )7.6 ct I 2 for 7% glycerol. I he mean llve 

intact percentages m all lh<· gl}cc�,I conccntn1t,<>ns vi•') significantly 11111ong 

lhemschcs alkr crycprcscrvntion !he mean percentage� rccortkd for li,c damag<-d 

spcr,1111101.oa a Iler mili:11 Jil ution. after 4 hours of cqu,I ibratiun und afler frec1.1ng "'""' 

0 9 ± 0.3. J b-± 0 5 and J 8 .i 0.5 for 5% glycerol. 2.2 ± 0.6. 5.9 ± O. l and 5.5 ± 0.3 

for 6% glycerol and 2.5 ± 0 5. 5 4 ± 0 J and 6 1 c! 0.4 tor 7% 11l)ccml lt1cl add�'tl ,n 

split. I he mean li1·e dJ1m111,c ecro-omc percentages m 5o/. glycerol were stgnilicamly 

dtlTercrn to thm of 6 and 70,o ut hoth s1agc� of cryopreservation i.c. after cquilibrmion 

and crvoprcscrvcdon. Fhc mean percentages for dead int<IC! spermatozoa "'ere found 

to be 4.7 ± 0.6. 9.3 ± 0.5 wl-0 l).3 ± 0.6 after mitinl dilution. after 4 hours of 

cquilibn1tion and atler frcc,ing 5% glycerol. 5 5 ± 0.5. 12 0 * 0.8 and 16.2 ct O 7 for 

6" glycerol and 5.7 ±. 0.6. 11.7 ± 0.9 and 19 3 ±. 0.6 for 7'Y• glycerol level. The mean 

dead 111l.1c1 percentages al 5% glycerol were significantly drffcrcnt fnun 6 anti n-o. bul 

ther,.· '"'� no an) diflcrencc between 6 and 70,o aflcr l'tjmlibmtmn Aflcr 

eryoprcscrvutiuu I\ \\11., uhscrvcd th;it lhcrc were significant dilTercnccs mnung a\l the 

l,ll)Cl'l"OI p,,rccnl.tl,!e� [he mc,m percentages of dcud damages after 111i1ial dilution. 

utter 4 hours of cqu,libmtion ,ind ntler lrec1.mg were recorded as I J 6 ± l.7. 20.5 ±. 

0.9 and JOO-± I  9 for 5% glyccml: I(, 4 l I 6. 20 9 ± 2.0 nnd 32 7 ± l.) for 6�� 

gl}ccm! mid 16.3 ± 14. 25.6 ± 1 3  und  37 2 ± LI for n-o glycerol lhc mean dead 

damage ncrocomc percentages m 5 and 6"'• gl)ccml 1,ert• �,gmlicantl) d-fferent from 

1•,� 111 bo1h the ,1,,gc� i c .  Hiler equ1libr.n1on :u1d cryoprcservauon 



lhc mean p.:,rccnlugc� of hc,1d abnonualiucs in the �plit method. e1,,lu:,1cd 

\\<'IT found to be O 7 + 0.3. 2 6 ± 0 2 and 4 4 ± 0.3 for 5% gl}cerol afkr ,1111,al 

dilution. after 4 hours of equilibrauon ,,nd aflcr frcc,ing The sobwq,icnl result for 

6% and 7% glyterol levels "Crc found to h<, 1.1 ± 0.J. 2.9 .l 0.2 and 4 2 ;t O 4 and 1.0 

� 0 J. J.4 ± 0.4 and 6 2 t 0.6 rc�pe\.tnelr. Ilic mcdn head abnorm,,!it> percentages al 

5% and 6°� glyc,·rol "ere srgnrflcantly different to that of 7% "fhc mean perH'nt,iges 

recorded for mid-piece abnormalities »cre 0.7 ± 0 2. 1.2 t 0.2 and 2 9 t O 3 uffcr 

im1ial d1lut1on. uftcr 4 hours {lfl"{jUlhhr.:Hion nnd aft.::r freezing for 5% gl)ccrol: 0.6 ± 

6 2. 1.6 t OJ and 1 6 t 0.2 for 6°',, glyLt:ml and 0.4 ± 0 2. 1.6 ± 0 2 and 2.7-" O.J for 

7% glycerol lc·,cl. The mean mid-piece abnormality percentages at 5% nnd 7% 

glycerol \\ere significnntty diffcrcnt lo 1hm of (io/o. )he mean percentages of tail 

ubnormafiucs eflcr initial dilution. after 4 hours or equilibration and after fn..-.::1.ing 

\\ere recorded as -1. ! ± 0 J. 7.7 ± 0.7 and 12.3 ± 0 7 for 5�. glycerol: 4 5 ± 0 ). 8.4 ± 

0 5 und !2 2 ± 0.1! for 6% glycerol urnl 5.0 -I O 3. 9 (, ± 0 5 and 11.8 ± 0 6 for 7o/o 

glycerol added 111 epln dose. 1 here was no sigruflcaut difference among the glycerol 

percentages for the mean lml abuormahty percentages in sill the 3 stages 1.e. after 

initial d,lut1nn. atkr eqmlibm1ion .md after cr}oprcscr,.ation. 1hc mean pcrccntag�� 

of rotnl �pcnn,,torna abnormahtics were found to be 5.5 i. 0.5. 1 1  5  ± 0.8 and 19.5 :t 

I O aflcr initial dilution. after 4 hours of equilrbruuon und after frcc7.ing for 5% 

glycerol level. (1.2 ± 0.4. 12 9 :I- 0.8 and 17 9 ± I .I for6o/o glycerol and 6.4 ± 0.5. 14.5 

0 5 and 20 6 ± 0.5 for 7% gl)ccml added in split dose. S1ati�t1cal analyses of the 1otal 

spt.·n11 abnonn.ilities data revealed no difference 11!\er muial dilution and 

cr}uprcscrvulion. but sigmficem difference WIIS observed afkr e�uilibrll1ion only 5o/o 

gl > ccrol "<l' stgni flcanuy d iffcrem from that of 7% gl) cerol after cqui libration. 

In the cxpcnmcm-Ht. the mean pcn:enmges of apop1o1ic spt.·nn in non spht 

method. <1ftcr muial dilution were found to be 12.10 ± 1.29. 12.20 ± 1.52. 11.80 ± 

1.39. 12 70 ;!- I 42 anJ 1 1  90  l  1.29 for 3. 4. 5. 6 and 7°10 glycerol respectively. After 

eqmlibruucn lh<: perccmugcs were )6.00 ± 2.10. ) 1.80 ± 2 19. 24.00 ± 1.86 and ) 1.80 

± 1.611: 11 hr le ,ifter \. r� oprcwrvalion I he I a hie\ "en: found lo be 51.80 ± 1.99. 411.40 ± 

I 58. H.-10 i I 611. 44 40 t 1 72 und 48 00 ± 2.03 The mean pcru,n1agcs of apoptotic 

sperm at s•o glycerol "a� s1gnilicantl) different from lhat of 3. -1. 6 & 7",o. 
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whereas there was oo any difference between 4 and 7% in both after cquilibrahon and 

cryoprcservanon. 

The mean percentages of apoptotic sperm in the split method of addiuon of 

gl)cero! after initial dilution were found to be 13.10 * 1.53. 13.40 ± l.60 and 13.10 ± 

l .42 for 5, 6 and 7% respecth·ely. The correspond mg values "ere 20. !0 ± l .31, 23.60 

± 1.74 and 30 90 ± 1.96 after equilibration and 34.90 ± I .70. 43.60 ± 1.77 and 47.70 ± 

l .99 after cryoprescrvauon. Statistical analyses of the pereentages of apoptotic sperm 

revealed significant difference between the 3 stages of cryopreservauon Le.: after 

imnal dilution. after equihbrauon and after cryopreservation in all the glycerol 

percentages i c : 5. 6 & 7o/ •. 

CONCLUSION 

I. The concentration and additmn method of glycerol stgniflcamly effected 

the quality of cryopreser.ed mnhun spermatozoa. Inc post freeze-thaw 

qualities i e.: progressive motility, li,eabilily. acrosomal integrity 

(percentage of hve intact. live damage. dead intact & dead damage). 

morphological abnonnahties of mithun spermatozoa were found superior 

with 5% glycerol compared co that of 3, 4. 6 and 7% when added in a 

single dose at 37'C. 

2. The post freeze-thaw qualities of mithun sperm "ere further improved 

when 5o/o glycerol was added in spht doses during equilibration at 4'C. 

Therefore for efficient cryoprescrvation of mithun spcnn in Iris egg yolk 

extender, it is suggested to add 5o/o glycerol in split doses during 
equilibration 

3. Cryoprescrvation had induced apoptosis in m1thun sperm. Add,11on of 

glycerol at 5% showed less numbers of apoprotic spcnn than rest of the 

glycerol concentration. The method of glycerol addition showed no effect 

on the apoptosis of mithun spenn. Funhcr studies are required to explain 

this comp lex process of apoptosis in the areas like DNA fragmcntauon and 

chromatin condensation. lobulauon of acrosomal membrane. 

mitochondrial distension, caspase activation, and increase sperm 

membrane pcnneability of the mithun spermatozoa 
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