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ACCUMULATION O LIID DROLETS AND 
DEVELOMENT OTENTIAL O BOVINE EMBROS 

(Bos taurus  Bos indicus) RODUCED In Vitro
Aclación e gotas lipicas  potencial e esarrollo en ebriones boinos (Bos taurus  Bos 

indicus) procios in vitro
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ABSTRACT

Emrs evelpe in vitro sall ave marel mre lipi tan 
in vivo cntrls ma cntrite t teir ler pstcrpreservatin 
srvival an i rates  emrnic eat e se  a serm
ree meia te aitin  almin r cemicals t imprve 
emr evelpment an alit e aim  te researc as t 
evaluate the quantitative Àuctuation of cytoplasmic lipid droplets 
  in vitro prce I vine emrs  at ierent 
developmental stages cultured in modi¿ed synthetic oviductal Àuid 
meim spplemente it essential amin acis nnessential 
amin acis minsitl an citrate maaci  plvinl
alcl  maaci  vine serm almin  att 
acisree an  maaci etal cal serm   tese 
varies ere cllecte rm slatere emale cs cumulus
ctecmple s ere cllecte ten matre ertilie 
an ten cltre te presmptive tes in ierent meia 
reerre r rter assessment  te rate  emr ivisin 
an accmlatin  ctplasmic  in emrs  t t r 
an mre tan r cells mrlae an lastcsts in I vine 
embryos. The results showed no signi¿cant differences between 
cleavae rates an lastcst prctin  treatments it  
 an     r lipi accmlatin te nmer 
an sie   as similar eteen ierent evelpmental 
staes  te tree evalate treatments ilitin a lt  
small LD in most of the stages and a large signi¿cant increase 
 meim an lare rplets in mrlae rn in  respect 
te ter t treatments In cnclsin emr cltre sstems 
evalate are eivalent alternatives r I ein capale  
spprtin emrnic evelpment t te lastcst stae e 
amnt   n as similar in all staes  te treatments 
ecept mrlae cltre in   se larer rps 
penmenn assciate t te incrsin it serm rm te 
einnin  cltre

e ors: Emrs vine I lipi rplets

RESUMEN

s emrines esarrllas in vitro selen tener marcaamente 
ms lpis e ls prcis in vivo, l e pee cntriir a 
s menr spervivencia esps e la cripreservación  altas 
tasas e merte emrinaria El s e n mei lire e ser 
la aición e almina  prcts mics peen merar el 
esarrll  la calia el emrión El etiv el presente traa 
fue valorar la Àuctuación cuantitativa de gotas lipídicas (GL) 
citplasmticas en emrines vins prcis in vitro I 
en medio de Àuido oviductal sintético modi¿cado suplementado 
cn amincis esenciales n esenciales minsitl  citrat 
maaci  plivinil alcl  maaci almina srica 
vina  lire e cis rass  maaci  ser 
etal vin  para l cal se prceió a reclectar varis 
de hembras bovinas sacri¿cadas, se obtuvieron los complejos 
cúmulusvcit s  psterirmente se mararn 
ecnarn  cltivarn ls presnts cits para la psterir 
valración e la tasa e ivisión emrinaria  acmlación 
citplasmtica e tas lipicas en emrines e s a catr 
 ms e catr cllas mórlas  lastcits en emrines 
bovinos. Los resultados no mostraron diferencias signi¿cativas 
entre las tasas e ivisión  prcción e lastcists pr ls 
tratamients En cant a la acmlación lipica el nmer  
tamaño de GL fue similar entre los estadios evaluados de los tres 
tratamientos, destacándose una gran cantidad de GL pequeñas 
en la mayoría y un aumento signi¿cativo de gotas medianas y 
ranes en las mórlas cltivaas en  En cnclsión ls 
sistemas e cltiv emrinari evalas sn alternativas 
eivalentes para la I capaces e sprtar el esarrll 
embrionario hasta la etapa de blastocisto. La cantidad de GL 
encntraa e similar en ts ls estais a ecepción e las 
mórlas cltivaas en  e  enómen ascia a la 
incrsión el ser ese el cmien el cltiv

alabras clae: Emrines vins I tas lipicas
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INTRODUCTION

vine  Bos taurus  Bos indicus emr prctin is 
practice rlie r cmmercial prpses  mar cncern 
 emr sppliers is te impact  in vitro prctin sstems 
n emr alit  ipi accmlate in emrs prce 
in vitro as een line t rectins in t alit an 
crpreservatin viailit 

ipis are imprtant srces  ener in all emrnic staes 
ccrre ere te lastcst stae ere trilceries are te 
main lipis sntesie in te ctplasm  te vine cte an 
emr   ese teter it ter lipi classes as sterls 
are stre in te cell as lipi rplets  interactin it ter 
ranelles an strin prteins an lipis  rtermre tere 
as a mare cntrast eteen lastcsts enerate in vivo 
verss in vitro rearin epressin patterns  lipi metalism 
an iative stress respnse  ilitin te imprtance 
 lipi relatin r emr alit Emrs evelpe in vitro 
sall ave marel mre lipi tan in vivo cntrls  ma 
als ince t teir ler pstcrpreservatin srvival an i 
rates  emrnic eat   

istricall emr cltre meia ave een spplemente 
it prtein in te rm  eiter serm almin r serm 
ner strinent cltre cnitins inclin te presence  
amin acis emrs can e cltre t te lastcst stae 
in the absence of protein [15]. Signi¿cantly, albumin is the most 
anant prtein in te emale reprctive tract  an as 
een sn t maintain emr psil an metalism in 
vitro ecnl te aitin  serm t cltre meim es 
a a certain eree  prtectin t te emr  its ailit 
t minimie transient p sits an celate ptential tins It 
is r tis ailit t cner a eree  rstness t te cltre 
meim tat its se as persiste  ever ata n te 
evelpment  seep Ovis aries an cattle lastcsts in te 
presence  serm ave raise seris isses rearin te se 
 serm r emr cltre erm can aversel aect te 
evelpment  emrs at several levels: preccis lastcele 
rmatin anrmal mitcnrial ltrastrctre pertratins 
in metalism   an te accmlatin   in in vitro
prce I emrs  nrtnatel a prlem it serm 
almin serm r an ilical prct is te ris  isease 
transmissin an cntaminatin  

Therefore, in attempts to de¿ne embryo culture media, Bavister 
avcate te se  plvinlalcl   t replace 
serm r serm almin is apprac as re r te in 
vitro evelpment  emrs rm several mammalian species 
ever te se  sc sntetic macrmlecles cannt e 
sai t e psilical an as escrie ave  is nt 
ale t maintain te psil an metalism  te emr 
rtermre vine emrs cltre in te presence   
i nt srvive crpreservatin as ell as tse cltre in te 
presence  almin  

rrentl tere is e evience at te ierences in te 
evelpment  vine I emrs cltre it  vine 
serm almin  an etal cal serm  spplements 
in terms  alit an lipi accmlatin s tat te present 
st a te aim  assess te lipi accmlatin in te ierent 
emrnic staes  preimplantatin vine emrs present in 
tree ierent cltre meia spplemente it   r 

MATERIALS AND METODS

Oocte collection an in vitro atration (IVM)

varies ere cllecte rm lcal slaterses in an 
area tat as caracteristics  trpical et rest it annal 
rainall eteen  milimeters mm r tis st vine 
ctes taine rm crssre Bos taurus  Bos indicus cs 
ere se ter cllectin varies ere transprte itin t 
hours (h) to the laboratory in 0.9% NaCl (w/v) at 35-37 ºC. COCs 
ere recvere  aspiratin  all visile llicles  mm an 
resuspended in TCM-199 (11150-059, Gibco Life Technologies, 
Grand Island, NY, USA) supplemented with NaHCO  m 
entamicin  m    EE  m an 
eparin  m ctes enclse in a cmpact cumulus
with an evenly granulated cytoplasm were selected. Groups of 
 cumulusctecmple s ere I in   rps 
  spplemente it   ml lltrpin 
Bioniche), 17β estradiol (1 µg/mL) gentamicin (25 µg/mL) and 10% 
 in plates cvere  mineral il  s ere cltre r   
at 38.5 ºC in a atmosphere with 5% CO in air satrate miit

Sper preparation an in vitro ertilization (IV)

ren semen rm a sinle ll Bos taurus ere 
thawed at 37 ºC for 30 seconds (sec) and washed in a 15 Falcon 
te sin ercll raients   an  prepare it 
res lmin actate rvate  sltin  m   
ercll at te tp an  m   ercll in te ttm  
the tube) by centrifugation (Thermo Scienti¿c, IEC CL10, USA) 
at   r  min ten te pellet as ilte it  m  
sltin an centrie a secn time at   r  min ter 
matratin atces  s ere ertilie in   alp ert 
meim cntainin  ractin  att aci ree   
m eparin  m penicillamine  m ptarine an  
m epineprine permata ere ae t a cncentratin 
    spermatam s an spermata ere 
incubated for 17 h at 38.5 ºC under an atmosphere with 5% CO 

in air satrate miit 

In vitro cltre

resmptive tes ere ene  cumulus cells 
by manual pipetting. Droplets of 100 µL of modi¿ed synthetic 
oviduct Àuid with amino acids, citrate, myo-inositol (mSOFaaci) 
an entamicin  m Emrs ere laere ner mineral 
oil and were maintained for 7 d in an incubator at 38.5 ºC with 
ases atmspere    in air satrate miit 
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Assessent o lipi content

Embryos were previously ¿xed in 10% formaldehyde in 
PBS, pH 7.4, for 2 h at room temperature. After ¿xation, they 
ere ase in istille ater cntainin   an ten 
transerre t rps   etanl ter  min ctes ere 
staine in rps   an lac  v  iser in  
etanl r  min ten te ere ase tree times it  
etanl  min eac lle  a  min as in   in 
istille ater repare emrs ere mnte in   lcerl 
n cver slips an eamine ner a lit micrscpe lmps 
CX31, Japan) at 600X magni¿cation. To estimate the relative 
amount of LD in the cytoplasm in each embryo, a grid with ¿ve 
sares   m    m eac as esine sin 
ImageJ 14.1  software [32]. LD were classi¿ed as small, medium, 
an lare  m  m an  m respectivel e nmer 
 rplets per cater in te  m sare as cnte 
and the average number of droplets from ¿ve squares for each 
emr as calclate ata rearin lipi accmlatin are 
presente as nmer   per  m 

Nclear atration

Cumulus cells ere mecanicall remve rm intact s  
repeate pipettin it  spplemente it   mm 
ispersin  cumulus was veri¿ed by a stereoscopic microscope 
(600X, Olympus SZX12, Japan). After denudation, oocytes were 
¿xed with methanol + acetic acid (3:1) for 48 h at 4ºC, stained with 
 sltin  lacmi in  lacial acetic aci evalate ner 
an optical microscope and classi¿ed according to the meiotic stage 
reace: matre metapase II  plar  telpase I an 
immatre anapase I metapase I crmsmal cnensatin 
an erminal vesicle ctes tat cl ale t e incle in 
previs rps ere cnsiere as eenerate 

Assessent o ertilization, cleaage rate 
an ebro eelopent

 evalate te ertiliatin rate ctes ere remve 
from culture at 17 h post-insemination (hpi), ¿xed and stained as 
escrie in te previs sectin ctes ere eamine ner 
an optical microscope and classi¿ed as either (a) non fertilized : 
te presence  emale an te asence  male crmatin  
nrmal ertilie: te presence  emale an male crmatin 
in te ctplasm a ecnense sperm ea prnclei r 
cleavae c anrmal ertilie: asncrns ctes mare 
alteratin in te rmatin  prnclei as necnense 
sperm ea r telpase II an   prnclei ctes in 
ic mre tan  prnclei ere serve in te ctplasm 
r  eenerate ctes leavae rate as evalate at  
pi tain int accnt te ttal  emrs   r mre cells 
taine in relatin t te ttal  ctes tat ere ertilie 
rlae an lastcsts iel ere evalate respectivel n 

te sit an sevent a ater I ll emrs ere serve 
under stereoscopic microscope (600X, Olympus SZX12, Japan).

Eperiental esign

After IVM, a group of COCs (N= 8 in each replicate) were used 
r te evalatin  meitic prressin te rest  I ctes 
were used in IVF and a pooled sample of 5 oocytes were ¿xed for 
te evalatin  ertiliatin rate ater  pi leavae rate ater 
72 hpi was assessed. To obtain the stage-speci¿c cytoplasmic 
accmlatin lipi rin earl vine emr evelpment 
r in vitro evelpmental staes ere assesse:    cell 
emrs  pi mrlae  pi an lastcsts  pi 
r in vitro cltre te presmptive tes ere istrite 
in tree ierent in vitro cltre envirnmental cnitins ere 
se r emr prctin:  VA: modi¿ed synthetic oviduct 
Àuid (mSOFaaci) + 0.1 mg/mL PVA, 2) BSA: maaci   m
m  an  CS:  maaci   mm     
Emrs  eac evelpment stae ere recvere ranml 
rm eac I replicate rm inivial rps se st t cllect 
and speci¿c stage avoiding the used of the same drop to produce 
earl an ten later staes

Statistical analsis

Nuclear state, fertilization and development rate were 
epresse as reencies an anale sin te isare test 
ccmlatin lipi ere epresse as mean   an anale 
using General Linear Model (GLM) and statistical LSMEANS 
 te  ersin  stare   vale     as 
considered to be statistically signi¿cant.

RESULTS AND DISCUSSION

 ttal   ctes ere incle in tis st en 
replicates ere carrie t atratin rate as  an 
  eenerate ctes E IE II isplas ata 
crrespnin te assessment  vine cte ertiliatin 
erein a ttal   presmptive tes ere taen int 
accnt    ctes evalate ere ertilie ctes 
it a   nrmal ertilie an nl   eenerate 
ctes e evalatin  emr evelpment as perrme 
leavae rates ere similar eteen   an  
 treatments t t ierent rp it    
   maintainin tese ierences ntil a 
  it te percentae  mrlae ever lastcst iel at 
  nt ierent in te tree treatments te iest percentae 
as en  as ae t te cltre meim E III
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TABLE I
NUCLEAR MATURATION O BOVINE OOCTES

tal  
evalate 
ctes

           atre ctes Immatre ctes eenerate ctes

II
n



el I
n



tal
n



na I
n



I
n



tal
n



n


 




















elI: elpase I II: etapase II  plar  I: etapase I naI: napase I

TABLE II
ASSESSMENT O IN VITRO ERTILIZATION IN BOVINE OOCTES

tal  
evalate 
presmptive 
tes

Non Fert. 
ctes

Norm. Fert. 
ctes nrmal ertilie ctes eenerate 

ctes

n


2PN
n



ctiv
n



snc
n



>2PN
n



n


 

















Non Fert. Oocytes: non fertilized oocytes. Norm. Fert. Oocytes: normal fertilized oocytes. Actv.:Activated oocytes. Async.: 
asynchronous oocytes. >2PN: oocytes with more than 2 pronuclei.

TABLE III
EECT O TE SULEMENT IN TE CULTURE MEDIUM MSOAACI ON DEVELOMENT O BOVINE EMBROS IV

tal tes in I 
maaci
n

  cells
emrs

n


tal cleave emrs

n



rlae  
n



lastcst  
n







a


a


a








a


a


a



















Different letters in the same column differ signi¿cantly (areatment : plvinl alcl : vine serm almin : 
etal vine serm
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e matratin rate serve in tis st  as 
ier tan tse taine  atrs sc as Rrie et al 
 it  an e et al  it  ner similar 
cltre cnitins t te same time ler tan tse taine  
Chohan and Hunter [6] with 92% and Nagano et al. [29] with 89.7% 
of matured oocytes. Different authors attribute bene¿cial effects to 
te I r te presence  ierent cmpns incrprate int 
matratin meim sc as amin acis csteine  inslin 
transerrin selenim  triitrnine  an resveratrl  
e nrmall penetrate ctes  prnclei rate taine in 
tis st as  ler tan tse reprte  e et al  
it  prici et al   an ara et al   
arris  states tat te nmer  sperm ae t ctes 
rin I aects te percentae  ctes penetrate an 
even increase plsperm rate rtermre ntri et al  
ensre tat l ertiliatin rates are e t te micrilical 
alit  semen se r I resltin in an increase in p an 
cmprmise sperm mtilit Ris et al  an lm et al 
 sest tat te staes  matratin an ertiliatin are 
te main events tat aect emrnic evelpment ever te 
I is te last step in te I te lnest an te mst ecisive 
r te alit  te lastcst  

e rate  ivisin in maaci   mm  a  as 
 an  in maaci   mm  cltre meim 
slitl ler tan rates  ter r sc as im et al  it 
 an  ner similar cnitins respectivel an tse 
taine  lm et al  it  an   emrs split 
sarin t r te same prprtin   e se  serm 
from the beginning of IVC process simpli¿es the process by 

vercmin te nee r aitin   rin te evelpmental 
pase nversel te se   startin n te rt a  
I ecreases te epsre peri  emrs t serm ic 
may be bene¿cial for embryos in later stages [24].

Eit r emrs ere staine an anale t evalate te 
accumulation of LD (FIG.1). Embryos of 2-4 cell cultured in PVA 
media showed a greater amount of small LD, showing signi¿cant 
ierences   it te ter t cltre meia  
and FCS (FIG. 2A).The number of medium droplets increased 
 at mrla stae cltre in  meia en cmpare 
with other culture media (FIG. 2B), followed by a decrease 
 at lastcst stae in t cltre meia  an  
e impact  te cltre meia as serve nl at te  cell 
an mrla staes in ic  meim case an increase 
 in te nmer  lare  cmpare it  an  
(FIG. 2C). No signi¿cant differences in total LD per embryos of >4 
cell to blastocyst stage (FIG. 2D).  The recognition of LD as 
nctinal ranelles in te cell tat participate in te relatin  
lipid storage and metabolism is quite recent [11]. Ghanem et al. 
 sest cs te researces in it rever mels trin 
t reveal te mecanisms  ienesis an rt  tese 
structures are given constantly modi¿cations and updates. There 
are at least tree mels tat see t eplain te prcess  
rt  : a incrpratin  netral lipis an psplipis 
t  tr mains avin clse cntact it enplasmic 
reticlm  lipi sntesis  te enmatic maciner present 
in LD; c) fusion of preexistent LD [43]. The ¿ndings of this research 
seem t spprt te mel  sin    

IURE 1. ACCUMULATION O CTOLASMIC LIID DROLETS IN BOVINE EMBROS CULTIRED IN VA (a, b, c an ), BSA 
(e, , g an ) AND BSACS 2.5 (I, ,  an l) ATER STAININ IT SUDAN BLAC B (400X). ITE ARROS INDICATE 
SMALL SUDANOILIC LIID DROLETS. BLAC ARROS INDICATE MEDIUM SUDANOILIC LIID DROLETS. ITE 
ARROEADS INDICATE LARE SUDANOILIC LIID DROLETS. LETTERS a, e AND i: 2 CELL EMBROS b,  AND : 4 
CELL EMBROS c, g AND : MORULAE ,  AND l: BLASTOCSTS.
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FIGURE 2. NUMBER OF CYTOPLASMIC LIPID DROPLETS: (A) SMALL (<2ΜM), (B) MEDIUM (2-6ΜM), (C) LARGE (>6 ΜM) AND 
(D) TOTAL (SMALL  MEDIUM  LARE) AT DIERENT STAES O BOVINE EMBROS CULTURED IN VITRO IN VA, BSA 
AND BSA+ FCS. VALUES ARE EXPRESSED AS MEANS ± SEM (N=7-9). DIFFERENT LETTERS IN THE SAME COLUMN DIFFER 
SINIICANTL (A,B0.05). 

Imprtantl te lipi cntent  te te is als a eterminin 
actr in te evelpment ptential  te tre emr it is ell 
nn tat te cte ses te ener erive rm  lcate 
in the COCs through the β-oxidation for subsequent metabolic 
prcesses  me sties state tat te accmlatin   
in the cytoplasm of bovine embryos may be inÀuenced by culture 
cnitins  an te rectin  tese cl e acieve  
miin te cmpsitin  te cltre meia   e et al 
 cmplaint tat te presence  serm in te einnin  te 
cltre an n ter part is te respnsile r te evelpmental 
ierences serve in I emrs an et al  aaasi 
et al. [40] and Ghanem et al. [17] coincide in the effectiveness 
 penaineetslate an carnitine as mlatin lipi 
cemicals ae t te cltre meim In cnseence cltre 
meia spplementatin it carnitine aments aensine 
tripspate  cntents in te cte an inces  
reistritin  as ell as it increases lastcst rates

rin earl emr evelpment lcse an lipis 
metalism is l tis cnitin canes nce emr enme 
activatin as taen place  s tat alteratins in att acis 

cncentratins ma nt ave a mar impact n earl ener 
metalism ever espite a l lipi metalism in earl 
staes  evelpment lipis are necessar t te emr as it is 
reÀected by a lower blastocyst rate after β-oxidation inhibition [13]. 
e erilipinaippilin ailinteractin prtein      are 
a amil  prteins relate t te strctre an ienesis   
 se tree main memers are crrentl calle erilipin 
(PLIN) 1, 2 and 3 [22]. Sastre et al. [35] indicated that PLIN2 and 
PLIN3 could act together throughout the IVP, where the ¿rst is 
respnsile r strin te necessar lipis t te emr ater 
ertiliatin ile te secn l e te main prtein  te 
 t stailie  sntesie in te lastcst stae

e metl se  e et al  alle tainin 
measrale reslts r te eterminatin  lipi accmlatin 
in cltre meia it an itt serm ere minates te 
presence  small rplets  m in emrs   cells stae in 
eac  te treatments it an itt serm ic cincies 
it te ata  tis st ere small rps preminate in te 
stae   t  cells r te tree treatments
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an et al  reprte a rin appearance   as 
te increase  te emrnic staes it ver similar vales 
eteen te t meia presentin mrlae te iest pea  
appearance an escenin aain in lastcsts in tis r as 
observed a signi¿cant difference between the morulae cultured 
it serm an itt serm cinciin it te ata taine 
rm te rps  meim  m an lare rps   m 
appearance  tis r ere in t rps ere serve 
signi¿cant differences between the FCS and BSA morulae and 
 an  mrlae taine ese reslts are aree it 
tse reprte  ersn an eese  ic state tat in 
te presence  serm lipi accmlatin increases rm te 
mrla stae ile e et al  reprt tat in asence  serm 
ppsite appens ecreasin lipi accmlatin aln it te 
emerence  matre mitcnria an et al  taine 
signi¿cant differences for the three different sizes of drops into 
lastcsts cltre meim itt serm an it   
¿nding more of the three sizes evaluated in embryos cultured in 
te last mentine meim

r tis it can e inerre tat te inetic  emrnic 
evelpment as ell as te appearance   in teir ctplasm 
epens t  te ierent strateies se in te ierent staes 
 te I an te same variale natre  te emr mn 
tese strateies it is cnsiere essential te incrsin  serm 
ater    te I estimatin mc mre satisactr reslts

CONCLUSIONS AND IMLICATIONS

e present st se tat te presence    
rm te start  I ecreases te rate  emrs emicall 
de¿ned media embryonic culture (mSOFaaci) supplemented with 
 mm  is an eivalent alternative t te I vine 
emrs ein capale  spprtin emrnic evelpment 
t lastcst stae e sie   a a similar istritin 
amn staes an treatments ilitin te presence  a lt 
 small rplets in mst emrs evalate e cltre meim 
spplemente it   increases te amnt  meim 
an lare  in te mrla stae
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