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ABSTRACT

e aims  tis st ere t ienti an caracterie 
te mrpmetricall istinct sperm spplatins int 
crpreserve ll semen an t etermine  sperm it 
amae crmatin are istrite in eac spplatin  
this, sperm of ¿fteen cryopreserved ejaculates from Brahman 
lls ere staine it tliine le an crmatin interit 
stats as etermine t eac sperm an simltanesl sperm 
ea mrpmetr as etermine sin a  stare 
sterirl ER analsis t etermine te nmer  
sperm mrpmetricall istinct spplatins accrin t 
mrpmetric parameters lent it area an perimeter 
as carriet an te istritin  sperm it amae 
crmatin in eac sperm spplatin as etermine  ttal  
 sperm ere anale  it nrmal crmatin an 
29.65% with damaged chromatin. CLUSTER analysis identi¿ed 
tree sperm spplatins  smallest spermea it 
 sperm   intermeiate spermea it  
sperm  an  iest spermea it  sperm 
 ercentae  sperm it amae crmatin as 
ler in    in cmparisn it   
an    ierences ere serve eteen  
and SP3 (P>0.05). In conclusion, Cluster analysis identi¿ed three 
mrpmetricall istinct spplatins in crpreserve ll 
semen an sperm it amae crmatin ere presente 
in all tese spplatins it intermeiate spermea 
spplatin avin te lest percentae  sperm it 
amae crmatin sestin tat tis sperm spplatin 
as mre stale crmatin

e ors: perm crmatin sperm ea tliine le 
mrpmetr spplatins

RESUMEN 

Los objetivos de este estudio fueron identi¿car y caracterizar 
splacines espermticas mrmtricamente istintas 
en semen cripreserva e trs  eterminar cóm ls 
espermatozoides con cromatina dañada se distribuyen en cada 
splación ara est espermaties cripreservas e 
toros Brahman fueron teñidos con azul de toluidina para determinar 
la interia e la crmatina  simltneamente se eterminó la 
mrmetra e caa caea espermtica san n stare 
para  nlisis rmtric sisti pr mptara 
sterirmente se realió n anlisis ER para eterminar 
el nmer e splacines mrmtricamente istintas e 
acer a ls parmetrs mrmtrics lar anc rea  
permetr  la istrición e ls espermaties cn crmatina 
dañada en cada subpoblación fue determinada. Un total de 2.273 
espermaties ern analias  cn crmatina 
normal y 29,65% con cromatina dañada. El análisis CLUSTER 
identi¿có tres subpoblaciones, SP1 (cabezas pequeñas) con 143 
espermaties   caeas intermeias cn  
espermaties    caeas ranes cn  
espermaties  El prcentae e espermaties cn 
daño en la cromatina en la SP2 (20,58%, P <0.05) fue menor que 
en       se servarn ierencias 
entre SP1 y SP3 (P>0,05). En conclusión, se identi¿caron tres 
splacines espermticas mrmtricamente istintas en el 
semen criopreservado de toros Brahman y los espermatozoides 
con cromatina dañada estuvieron presentes en las tres 
splacines cn la splación e caeas intermeias 
 tenien el prcentae ms a e espermaties cn 
daño en la cromatina, sugiriendo que estos espermatozoides 
tienen na crmatina ms estale 

alabras clave: rmatina espermtica caea espermtica 
al e tliina mrmetra splacines 
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INTRODUCTION

lassical sperm alit evalatin incles te measre 
 interit an nctinalit  sperm memrane acrsme 
interit mtilit mrpl an capacitatin an several 
sties ave reprte a relatinsip eteen tese parameters 
an ll Bos taurusBos indicus ertilit    rrentl 
ter parameters ave ecme relevant is is te case  
crmatin interit an sperm ea mrpmetr amae 
crmatin as a neative crrelatin it ter parameters 
 sperm alit emr evelpment an prenanc rate 
        e sties at relatinsip 
eteen sperm ea mrpmetr an anter sperm alit 
parameters r ertilit as een plise In ll semen pre
reee mrpmetr parameters ere relate it ertilit  In 
Ierian re eer Cervus elaphus hispanicus semen canes in 
te reenc istritin  sperm itin sme spplatins 
ater crpreservatin ere relate it pstta sperm 
alit  ile in ar Sus scrofa domesticus sperm ea 
mrpmetric parameters in res semen ere relate it pst
ta memrane interit an mtilit 

Because sperm head is composed by chromatin (DNA 
cnense  prtamine prteins te crmatin interit te 
sape sperm ea an te sperm ea mrpmetr sl 
e relate an several sties ave een plise ariatin 
 sperm ea mrpl is a  inicatr  crmatin 
interit  an sperm it amae crmatin ave mre 
mrpanmalies tan sperm it nrmal crmatin   
 ever te relatinsip eteen crmatin interit an 
sperm ea mrpmetr is mre cntrversial ailer et al  
serve a psitive crrelatin eteen mrpmetric parameters 
it sperm ssceptiilit   enatratin measre it 
Sperm Chromatin Structure Assay (SCSA), but Beletti et al. [6] 
observed that sperm head with less packed chromatin have lower 
area tan sperm ea it nrmal crmatin ile avarill 
et al  serve tan ll sperm it amae crmatin 
a mre it an area an less ellipticit tan sperm it 
nrmal crmatin ince t canine Canis familiaris an ll 
Bos taurus; Bos indicus sperm cntain nl prtamine   
 an in canine sperm ea it ramente crmatin ere 
mre elliptical  an a relatinsip eteen mrpmetric 
sperm spplatins an amae crmatin interit as een 
serve  a similar sitatin can e epecte in ll sperm

e assciatin eteen mpterassiste perm 
rpmetr nalsis  an statistical stare ave 
alle clster te spermata accrin t mrpmetric 
parameters in mrpmetricall istinct spplatins   
  Recentl tliine le a nclear stain se t evalate 
crmatin interit    as een se sccessll t 
mrpmetric analsis      an tis cminatin 
as pene te pssiilit t evalate simltanesl te sperm 
ea mrpmetr an crmatin interit as ell as teir 
relatinsip an cl e a perl tl t imprve te reslts 

 spermiram  rrentl tere are n sties at 
anter caracteristics ierent t mrpmetric parameters 
like chromatin integrity, of sperm into each morphometrical 
spplatin in ll semen terere te prpse  tis 
st as t ienti an caracterie te mrpmetricall 
istinct spplatins  crpreserve ll sperm an t 
etermine  sperm it amae crmatin are istrite 
in eac spplatin sin a cminatin  tliine le 
stain an 

MATERIALS AND METODS

Semen collection an processing

Three ejaculates from ¿ve fertile Brahman bulls, 5-8 years old, 
in regular service were obtained from the arti¿cial insemination 
center  IE at acies lia tate eneela 
e eaclates ere cllecte eteen : an : am 
After semen collection by using an arti¿cial vagina, sperm 
cncentratin an sective scres  mtilit ave mtin 
ere perrme e sperm cncentratin  eac sample as 
etermine  ptmeter permae init erman In 
aitin eaclates ere ilte an se t assess inivial 
sperm motility. The sperm samples were diluted at 30°C to ¿nal 
sperm cncentratin  sperm/mL with a skim milk-egg 
yolk medium, containing 15% of skim milk, 1% of egg yolk, 7% 
lcerl esies RI rctse an antiitics ilsin  
Linco-Espectin 0.56%, Gentamicin 0.74%) in a ¿nal solution with 
aste p at  e iltin as carrie t in t staes 
The ¿rst extender (A) was added at 30°C and two (h) later, the 
second extender (B) at 5°C. Seminal samples in the “extender 
A” were cooled down slowly up at 5°C. This cooling up at 5°C 
lasted 2 h approximately. The second extender differed of the ¿rst 
ne in te sstittin  ater  vv it te same lcerl 
volume (¿nal concentration = 7%). Then, the diluted sperm was 
refrigerated slowly at 5°C for 2 h, equilibrated at temperature 
r   an lae int  m stras e stras ere ren 
in nitren vaprs  centimeter cm ave te srace  te 
lii nitren r  mintes min an ten plne int lii 
nitren E illenim   innesta  ne 
week after, thawing was carried out by placing the straws in a 
ater at emm mel  aipei ain at  °C
r  secns s an te sperm as alle t eilirate r 
5 min before evaluation. After thawing, samples were taken for 
sperm ea mrpmetric an crmatin evalatin

Cromatin integrit

rmatin interit as evalate it tliine le stain 
[26]; with this procedure, sperm with normal chromatin look light 
blue or green, whereas dark blue or violet sperm are considered 
as avin amae crmatin perm slies ere prepare 
and stained as described by Beletti et al. [4]. Five µL of semen 
ere place n te clear en  a rste slie an rain 
the drop across the slide, air dried and ¿xed in ethanol–acetic 
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istrtin  perm it amae rmatin  avarill   interren 

aci : vv r  min an  etanl r  min ten smears 
ere rle r  min in    clriric aci rinse in 
istille ater an airrie ne rplet   tliine le 
in cIlvaine er sim citratepspate p  as place 
ver eac smear an ten cverslippe

Morpometric analsis o sperm eas

liine le staine sperm eas ere evalate sin te 
mrpmetr mle  a cmmerciall availale sstem perm
Class Analyzer®, Microptic, Barcelona, Spain). The equipment 
consisted of a Nikon (Labophot-2, Tokyo, Japan) microscope with 
ax 60 bright-¿eld objective and a Sony video camera (CCD AVC-
D7CE, Sony Corporation, Tokyo, Japan) connected to a Pentium 
  prcessr e illminatin srce as centere an 
te intensit  te l an te ain an set  te camera 
were standardized for all samples. The con¿guration of the 
computer system included a PIP-1024 B video digitizer board 
atr Electrnic stems t eec anaa te sperm 
imae analsis stare an a iresltin assistant mnitr 
Sony Triniton PVM-1443MD (Sony Corporation, Tokyo, Japan). 
e arra sie  te vie rame recrer as      
its iitie imaes ere mae p   piels pictre 
elements an  re levels Resltin  imaes as  an 
 m per piel in te rintal an vertical aes respectivel

e sstem nl etecte te nar  sperm eas an 
teir tlines ere isplae as ite verlas sperimpse n 
te vie imae an r measrements  sperm eas ere 
taine lent in m it in m area in m perimeter in 
m e sperm eas rearless  mrpl ere selecte 
for the morphometric analysis and simultaneously were classi¿ed 
accrin crmatin interit e measrements  eac 
inivial sperm ea an teir crmatin interit stats nrmal 
r amae ere save in an Ecel icrst rpratin 
Remn asintn cmpatile ataase  te 
stare r rter analsis

Statistical analsis

ata analsis as perrme sin   r ins 
cmpter prram  Inc ica I  ll sperm ea 
measrements ere clstere  lent it area perimeter 
sin iterative kmeans clster analsis t classi spermata 
int a rece nmer  spplatin accrin t teir 
ea imensins an ten a stepise iscriminant analsis 
 te clsters as taine  e eects  clster n te 
measrements  lent it area an perimeter ere anale 
 eneralie linear mel analsis  variance an te eect  
crmatin interit nrmal r amae n te relative reenc 
 spermata int eac mrpmetric spplatin as 
anale  antelaensel isare tests 

RESULTS AND DISCUSSION

 ttal   sperm ea staine it tliine le ere 
evalate simltanesl t mrpmetr it  sstem 
 an crmatin interit   sperm ere it nrmal 
crmatin an  it amae crmatin ter clster 
analsis accrin t mrpmetric parameters lent it 
area an perimeter tree mrpmetric istinct spplatins 
were identi¿ed. Head dimensions to each subpopulation are 
summarized in TABLE I. The subpopulation 1 (SP1) was 
cmpse  te   sperm an tis incle te smallest 
sperm ea imensins pplatin   caracterie 
 spermata it intermeiate sperm ea imensins as 
interate  te   sperm ile spplatin   
crrespnin t te iest sperm ea as represente  te 
  sperm

rprtin  spermata it amae crmatin as 
signi¿cantly lower in the subpopulation with intermediate sperm 
ea  it  in cmparisn it te  an 
42.31% in SP1 and SP3, respectively (TABLE II). No differences 
in te prprtin  sperm it amae crmatin eteen  
an  ere serve

TABLE I
STATISTICAL DESCRITORS AND ERCENTAE O SERM EADS ITIN EAC SUBOULATION OR TAED BULL 

SERMATOZOA
perm pplatin

rpmetric arameters   
ent m   c        a

it m   c        a

rea m          a

erimeter m    c      a

Relative reenc  n  c  a  

ac values with different superscripts in the same row were signi¿cantly different (P < 0.0001). Results are presented as means ± 
stanar errr e ttal nmer  spermata anale as  
Relative frequency, values of chi-square test and Mantel-Haentsel chi-square revealed signi¿cant differences in the percentage of 
spermata t eac clster   





Revista Cientí¿ca, FCV-LUZ / Vol. XXVII, N° 6, 359 - 365, 2017

TABLE II
ROORTIONAL DISTRIBUTION O SERM ACCORDIN 

TO CROMATIN INTERIT STATUS IN EAC 
SUBOULATION

perm pplatin
rmatin Interit
rmal amae

  a

 a 

  a

a ales it ierent sperscripts in te same clmn 
were signi¿cantly different (P< 0.0001). e ttal nmer  
spermata anale as 

ammalian eaclate is nt cmpse  a mens 
population of spermatozoa. Unlike, semen of different species 
ave ierent sperm spplatins accrin t mtilit  
   mrpmetr      crmatin interit 
 r mrpl an crmatin interit   In tis st 
three morphometrically distinct subpopulations were identi¿ed by 
clster analsis smallest  intermeiate  an iest 
 an ierent prprtins  sperm t eac ne ere 
serve it  avin te iest reenc an tis is in 
aree it Riilln et al   In Ierian re eer Cervus 
elaphus hispanicus spplatin it mre spermata 
as tse cmpse  te iest sperm it   
perm istritin itin eac spplatin is aecte  ll 
an crpreservatin prcess  rpreservatin rece 
sperm ea sie    perm ea imensins t eac 
spplatin serve in te present st ere ler tan 
those reported to thawed semen from Brahman bulls [43], and 
tis ierence cl e e t te stain se emaclr ile 
in te present st it as se tliine le an tis stain as 
een reprte  rece te sperm ea sie in cmparisn it 
emaclr  In aitin it as een serve tan sperm 
ea rm Bos indicus lls are smaller tan tse rm Bos 
taurus lls r teir crssre   

In te present st  cmprise  te smallest sperm 
ea a mre tan   sperm it amae crmatin 
Sperm with less packed chromatin had a lower head area than 
sperm it nrmal crmatin  an a neative crrelatin 
eteen crmatin ecnensatin it sperm ea area an 
perimeter as een serve  alt tis sitatin as nt 
serve in sperm ater ercll centriatin  

In  iest sperm ea   sperm a amae 
crmatin ral an etensive lss  prtamine cl 
case a mre etensive ecnensatin  crmatin resltin 
in an increase  sperm ea sie In man percentae  
sperm staine psitivel it rmmcin  an inicatin  
eprtaminatin a a psitivel crrelatin it macrcepal 
sperm  itinall in ll sperm ea area ater a 
ecnensatin treatment as psitivel crrelate it retentin 
 istnes  ipli as een relate it an increase  
sperm ea area an alteratin in crmatin cnensatin in 

lls  alt in stallin sperm nclear area as similar 
between haploid and diploid sperm, but a signi¿cant difference 
as serve amn tese t spplatins an plpli 
sperm  itinall in ll it as serve tan ea sperm 
ave ier sperm ea area tan live sperm 

nrmal crmatin in ll Bos taurus; Bos indicus sperm 
is eterenes an aects varis reins  sperm ea 
  an its impact n sperm ea mrpmetr rectin 
n eect r increase cl epen  te alteratin in te 
DNA-protamine link or another structure like matrix or annulus 
 sperm ncles  is cl eplain  tere are sperms 
it amae crmatin int te tree sperm spplatins 
etermine in te present st e present st as carrie
t it crpreserve sperm an crpreservatin aects t 
mrpmetr     an crmatin     at 
actrs cl eplain   presente te lest percentae 
 sperm it amae crmatin is an nansere estin 
permata in  cl represent a spplatin resltin 
rm crpreservatin prcess it mre resistant crmatin 
rpreservatin aect te istritin  sperm int eac 
spplatin an it as een serve tat percentae  sperm 
int te spplatin  intermeiate sperm ea increase 
rm  in res semen t  in tae semen ile 
percentae  sperm int te iest sperm ea spplatin 
ecrease rm  in res semen t  in tae 
semen an percentae  sperm int te smallest sperm ea 
spplatin increase rm  in res semen t  
in tae semen  accrin t tese reslts intermeiate 
sperm ea spplatin in tae semen is in part cmpse 
 sperm rm te iest sperm ea spplatin in res 
semen t ic te crpreservatin rece te ea sie an 
als in e cases aecte te crmatin interit 

lt tese reasns are prel speclative te reslts 
 tis st ave imprtant implicatins t te a tat sperm 
alit is evalate t te esin  crpreservatin prtcls 
an t te evalatin  crpreservatin eects n sperm alit 
an te estimatin  ll ertilit an rter researc sl 
e rante ral te se  res semen cl er clearer 
reslts since te eect  crpreservatin prcess n ea 
mrpmetr an crmatin interit l avi 

CONCLUSIONS 

In cnclsin tree mrpmetricall istinct spplatins 
in thawed bull semen were identi¿ed, with most of the sperm into 
te spplatin represente  sperm ea it intermeiate 
imensins an itin tis spplatin presentin te lest 
percentae  sperm it amae crmatin sestin tat tis 
sperm rp as a mre stale crmatin r tan mrpmetric 
caracteristics  tese sperm cl prvie mre prtectin 
r resistance t te crmatin itinall tliine le is an 
apprpriate stain t te simltanesl measre  mrpmetr 
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istrtin  perm it amae rmatin  avarill   interren 

an crmatin interit in ll sperm ic cl imprve te 
rtine sperm alit evalatin an ertilit estimatin
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