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ABSTRACT

The aim of this research was to identily the changes in the cytoplasmic ultrastructure of immature and matured
oocytes in buttalo (Bubaius bubalis) Oocytes were matured n vitro in tissue culture medium - 199 with and without
sencin, and then analyzed by light and transmission electron microscopy  The expernment result showed that the
nuclear maturation rate of butfalo cocytes was significantly higher in the presence of sericin (80 6%) than without ser-
icin 168 1%} (P~ 0.05) The immature oocytes were characterized by cortical granule clusters in the ooplasm and the
absence of penwtelline space (PVS) In contrast, the oocytes matured erther with or without sericin showed the forma-
ton of VS, erected microwlli, the migration of cortical granules to the cytoplasmic peniphery, and the clear appearance
ot the mitochondria ana vesicle In the oolemma Interestingly, matured oocytes with senan have smaller cortical gran

ules than do immature cocytes (P < 0 05) In conclusion, supplementation of 0 05% sencn in the maturation medium
can enhance the maturation rate of buttalo cocytes Several cytoplasmic ultrastructures were relocated and modulated
dunng the i vitro maturation process of butfalo cocytes PVS developrment, cortical granules nigration to periphery,
and mitochondna and vesicles in the cortical region The ultrastructure was similar between the groups with and with

out sencin
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INTRODUCTION

B vt maturation (IVM) ol oocytes is an important
step in supporting the success of (e vire embryo pro-
duction (IVEP) 1echniques. During the maturation
process. the oocyte cytoplasm will undergo some
structural and biochemical changes 1o support the
developmenmal competence ol the embryo (Gordon
2003). In many species, the maturation of the pre-
ovulatory  oocyte is  charaaerzed by progressive
changes in the cytoplasmic components of its organi-

on and distnbution (Van Blerhom e al 19901
ﬂt‘)[)hsmlc maruration is a series ol complex events,
including the redistribution of cytoplasmic organclles
and coytoskeletal filament dynamics (Ferreira of af

9), whereas molecular matwration indudes the
Pm’iscrimion. storage and cxpression of the mRNAs
by the chromosomes (Ferreira of al 2009), protein
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?1]1('\!\ and RNA transcription (Mao o al 2014)
uring the transition from the germinal vesicle to
the met se 11 stage, the ultrastructure of bovine
oocyles, such as mitochondria, ribosomes, endoplas-
mic reticulum, conical granul@@nd the Golgi com-
plex, was rearranged (Ferreira eal 2009).

It is well known that the success of the maturation
process depends on various factors, such as reactive
oxyvgen species (ROS), that can alfea the quality of
the oocyte development. ROS can damage DNA,
increase cell apoptosis and cause cell death (Droge
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2002 Alvarez 2003) They can also induce cell death
by autophagy, a self-catabolic process involving the
sequestration of cytoplasmic components by exhaus-
tion or damage 1o organclles (Shrivastava  ef al
20011 At high levels, ROS cause DNA  damage
because of the disturbance ol the mitochondnal
membranes (Rocha-Frigoni of af. 2016). Since radi-
cals are highly reactive and unstable, ROS can inter-
act with several molecules o bind electrons and
make them stable (Deleuze & Goudet 20100, There-
lore. these interactions may ultimately lead to cellu-
lar damage. including lipid peroxidation, because of
major phospholipids in the membrane and the oxi-
daton ol amino acids and nucleic acids (Bain er af
201 1).

Senan s a protein from silkworm cocoons (Takasu
et al 2007), that was recently reported 1o act as an
antioxi@@nt that potentially decreases levels of ROS
(Dash eral; 2008). Ka@gpwal (1998) reporied the
antioxidant activity of sericincould suppress. dipid
peroxidation and inhibit) tyrosinase activity.  Addi-
tionally.  serian prevents  death ol insea cells
(Takahashi ¢r al 2003) and increases the maturation
and ferulizanon rate of sheep oocytes (Yasmin ef af
2015). Until now. there has been no report about
the influence of wrinn%ultmummm- changes in
the maturation process ol buflalo oocytes. Therelare,
the purpose of the present study was 10 exammne the
ultrastructure aspects and nuclear maturation ability
of buffalo vocytes matured with sericin.

MATERIALS AND METHODS
Qocyte collection and IVM

Bullalo ovaries were obtained [rom a local abattoir
and trfgg@oried 1o the laboratory ina 0.9% physio-
logical saline solution supplemented 'with' 100 IU/mL
icillin''and " 100 pg/mL streptomydn  sulphare.
imulus-oocyte ‘complexes (COCs) were collecied
by sli the ovaries with a surgical blade in phos-
phate - buffered  saline  (PBS)  supplemented  with
0.3% bovine serum albu (BSA; Sigma-Aldrich,
St Louis, MO. USA), and TO0 1U/mL peniclling and
100 pg/mL streptomydin sulphate. COCs surrounded
by more than three cumulus layers and homoge-
neous ooplasm were selected and used for this study
The matu n medium used for oocyte IVM con-
sisted of culture - medium-—-199 (TCM-199;
Sigma, St Louis, VE “'supplemented with
10 1U/mi human  chorianic” gonadotrophin (hOG,
Chorulon, Intervet  Inter BV Boxmeer.
The Netherands), 10 [U/mL pregnant mare serum
gonadatraphin (PMSG, Intergonan, Intervet GmbH,
Tinnwurﬂ(u'rln.unb and 50 pg/mL gentamycin
(Sigma) The selected COCs were washed three times
in the maturation ium and then transterred o
100 ul. droplets of 7 the " maturation . medium
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supplemented with 0.05% §eridin (Wako Pure Chem
Industnes, Lid. Osaka. Japan) or without sericin.
Concentration of sericin was taken from our previ-
ous result that sercin in concentration of 0.05%
gave the best effea on nuclear matration of buffalo
vocytes o virre (unpublished datay. In the group
without sericin. BSA 0.3% was used as a prote
source. The oocvte maturation was carried out at
38.5°C in a hunudificd atmosphere of 5% CO; for
24 h

Matured oocytes were denuded from the cumulus
cells by repeated pipetting in PBS containing 0.25%
hvaluromdase  (Sigmay.  Aher  denudation,  the
oocytes were washed, placed on a slide and then
covered with a cover slip that was propped up by a
mixture ol vascline  stripes © paraltin (9:1) f@JThe
oocytes  were fixed  in a solution  of  acetic
add : methanol  (L30%ivy dor 4872 h jand  then
stained with aceto:orcein (2% orcein and 45% acetic
add). The stamed oocytes: were observed under a
phasescontrast microscope and classificd based on
the meiosis stage  from germinal vesicle (GV) 1o
metaphase I (MID

Transmission electron microscopy (TEM)
ultrastructure changes in immature and
IVM oocytes with sericin

Immature COCs were selected and fixed shonly after
slicing. The cumulus cells of COCs were removed
with 0.25% of hyaluronidase (Sigma) along with
repeated@pipeting. Both immature and  matured
oocyles were fixed in 2.5% glutaraldehyde in 0.1 mol
phosphate buffer (pH 7..4) at room temperature
(15 min) and at 4°C (15 min). The oocytes were post-

d° with 0504 (1% and then dehydrated in
ascending  concentrations of ethanol embedded in
Spurr’s resin  (Sigma-Aldrich).  Semi-thin | sections
(0.5 1wy were serially cut on an ultramicgggpme
(Reichert Ultracut S). Semi-thin sections were ed
with toluidine blue ‘and examined under a light
mic ¢ 10 determine the target cells. Thin sections
(60 nm) were collected on copper grids, stained
with uranyl acetate for 1 h and triple lead for 20 min
and then examined by TEM (JEOL 1010; Tokyo,
Jlapan). For description by TEM, the organelles, ¢yto-
plasmic membrane and zona pelluada (ZP) were
observed, and then the organelle size was measured

1g a scale bar (AxioVision microscope software;

arl Zeiss Microlmaging GmbH, Jena, Gerfuany).

Statistical analysis

Data of the oocytes” nuclear maturation Were pre-
sented as percentage + SEM and then analyzed by
analysis of variance (ANOVA). Data of the TEM
images of mmmature and matured  oocytes  are
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presented by descriptive mrngun Meanwhile,
data of the ultrastructure size ol cortical granules,
mitochondria and vesicles in immature  oocytes,
oocytes matured with serian, and oocytes matured
without scricin, were analyzed by ANOVA. The
means were compared usingfhe Duncan and least
signilicant  differnece tests ! statistical analyses
were” perforined | using (SPSS/ for Windows gEBM
Carp Amonk, (NY, USA), verston 21 The values
were  considered  statistically  significant  when
P < 0.05.

RESU AND DISCUSSION

Sericin is A fibrous protein produced by silkwornns
that has bee idely investigated in the biotechno-
logical ficld (Aramwit er al 2009). In our study, we
found that supplementation with 5% sericin in
the maturation medinm increased the percentage of
oocytes  that reached  the MID phase (2 - 0.05)
(Table 1), These data supported a previous study
r-.']m@ by Yasmin er a/ (2015). who found that ser-
icin I the maturation medium could support the
nuclear maturation competence of sheep vocytes. It

ht be the methionine and cysteine in sericin that
play an impornant role in the avachment and g h
ol mammalian cells (Hynes 1986; Aramwit et al.
2009). According to Aramwit’ et all (2009) scricin
from silkworm cocoons with white shells contains
339 mol” methionine and 044 mol%.  cysteine,
higher than other silk strains.

In this study, we observed the changes of oocyte
ultrastructure both in vocvtes matured with or with-
out senan, such as mitochondria, cortical granules
and vesicles. During the final maturation, instead of
&')‘tnpi.‘l\nllt maturation the oocyte dequires a coms-
plex cyiqEsmic organization consisting of the modi-
fication and redistribution of nmanFs in specific
ooplasmic areas (Motta ¢t al. 2002). Tn general, the
ultrastructure of buffalo oocytes was similar to that
ol oocvtes in other mammalian spedes such as cattle
(Fair ¢t ad. 1997; Hyttel i al. 1997), sheep (Maximo
etal 2012) and camels (Kali et al 2005y Bullalo
oocytes alse have ipid droplets, which the oocytes
use as a source ol energy in the process ol matura-
tion (Mondadori er @/ 2007, Maximao et al 2012)
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However, gmc differences were abserved 1har indi-
cate spediessspecific charactenistics. In bullalo, we
observed mostly that the mitochondria are in a
round shape. Mondadori er al. (2007) reported that
the mitochondria of bulfalo cocytes have transversal
cristae but do not have granules. Kacinskis ef af
(2005) noted that the proliferation of mitochondria
is needed 1o increase the aapacity ol energy produc-
ton in cells that are growing. The immature oocytes
had no perivitelline space (PVS) 8ith a tight cyto-
plasmic membrane and dusters of “cortical ' granules
i the voplasm (Fig. 1a). In the matured oocvies, the
penvitelline space was formed, and the conical gran-
ules had moved from their clusters o the peripheral
arca of the ooplasm along the cytoplasmic membrane
in oocytes matured both with and without sericin
(Fig. 1b and o). Furthermore, erea and bent micro-
villi in the well-developed PVS, round mitochondria
located in the cortical region, and vesicles with dil-
ferent sizes and shapes were found in both groups of
matured oocytes. These data indicated that during
the cytoplasmic maturation process, some important
changes occurred in the organclle structures, such as
corical granules. mitochondna and  vesicles. Our
data supported previous studies by Mondadoni ef af
2000a.by who reported that the PVS developed dur-
img the VM process  and hcmmﬁim'n-.mngly
cnlarged over 24 he This development was associated
with the liberation of the microvilli from the ZP,
Emlng in bent microvilli lying parallel 10 the zZp

crovilli play. an important iole i the absorption
and secretion functions of ‘cells (Kali er /. 2005). The
peripheral relocation of the organelles is evidence of
preparation for the resumption of oocyte melosis,
which occurs due 10 the inerease of metabolic activ-
iy (Mondadon er al 2010b).

To evaluate the elfea of sericin on the ultrastrue-
ture of organclles, we measured the size of the coru-
cal granules, mitochondria and vesicles (7 * 2) as
spealic characters of buffalo vocytes N;:M
differénces (P2 0005) 'weére lound i mitochondria
and vosicle size among the groups of oocytes, but we
found a decrease in the cortical granule size in
oocytes matured with sericin (2 < 0.05). However, il
is unclear how the sericin alfected the alteration of
the cortical granule size. In mammals, the formation

Table 1 Nuclear maturation rate of butfalo cocytes matured with and without sericin

Maturation Now oocyies
examined

Percentage () ol oocytes at each stage

Ml AlTI M Degencrated

GV GVBD
Serio ) 58 0.0 « 00 0o o 00
Seri vy 66 0.0 £ 0.0 la = Lol

52000 28 £ 32¢2) 681 £ 3940y A48 L4l
Yokl 00 £ 00y Bue ¢ L35H" 1.2 2 1.2(1)

Uvalues with differem supensonpis mothe same column dilfer sigmbicantly (£ < 0.05) AUTL anaphase Tand teophase L GV, geminal ves

des GVRDL gesmimal veside breakdown: ME metaphase L MU metaphase I Serg ) Oocyte matured without seriom in maturation medium

Sert b Oooyte matured with seriom i maturation medinm
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Figure 1 Transmission electron micrograph (TEM) of buffalo oocytes: ("nrr\alure. (b) matured (-sericin), and (c) matured
(+sericin). The Golgi complex (G), zona pellucida (ZP); mitochondria (M), cartical granules (CG); microvilli (Mv), vesicle (V);
perivitelline space (PVS), cytoplasmic membrane (CM), endoplasmic reticulum (ER), and lipid dropiet (LD) (TEM, = 20 000).

Table 2 Organelle uitrastructure size of immature and matured oocytes (with and without sericin)

Treatments Onganclle ulirastructure size inm)

Cortical granule Mitochondna Vesicle
Immature 2302 - 181" 1389 - 631 4921 = 17.2
Matured (- Serit 1830 = 26°" 411.1 = 230 540 2 1103
Matured (+ Seri 1545 = 4.7 3626 £ 660 6336 < 1103

“"Values wath ditlerem supersompes i the same colummn differ agnificanily i < 0,050 Seri ) $Oimcyte matured without senan i matura

ton mediam. Serrs ) tOsvie matured with senvn in maturatton mediom

gcnnical granules derived from the Golgi complex Ministry of Research, Technology and Higher Educa-
undergoes hypentrophy and proliferanon (Abbont & tion of the Republic of Indonesia
Ducibella 2001). The cortical granules are believed 1o
be necessary tor the processes ol zona hardening and
spermy  blocks during gamete  fusion (Conner REFERENCES
efal 1997: Hyttel et al. 1997). In this study, the Abbott AL Duabella T. 2001 Calaum and the control of

organelle size was similar between the groups of mammahan  corcal granule  exocytoss. Frontirs i
hosaence. a jourmal aid virtual fibrary 6. D792- D806

Alvarez  IG 2003 DNA  fragmentation  m human
spermatozoa: signilicance in the diagnosis and treatment

oocytes matured with and without serian. This find-
ing suggests that senon has no effect on the ulra-

structure of the organelles of buffalog@hoytes. of infentility. Minerva Ginewologica 55. 233 239

In condusion, a supplementation of 0.05% sericin Aramwit P, Kanokpanont S, De-Eknamkul W, Kamei K
in the maturation medium can improve the nuclear Srichana T 2009 The effect ol sencin with vanable
maturation of bullalo oocytes. Dunng the maturation ammo-aad content from diferent stk strams on the

production of collagen and nnrne oxade.  Jonrnal of
Buomaterials saane 20, 12951306
Bain NT. Madan P. Bens DH. 2011 The early embryo
response 1o mtracellular  reactive oxygen  spedies is
tre was similar between the groups ol oocytes developmentally  regulated.  Reproduction. Fernliy and
matured with and without sericin. Developnrent 23, 561575
Conner S, Leaf D, Wessel G. 1997 Members of the SNARE
hypothesis  are  assodated  with  wonial granule
ACKNOWLEDGMENT exocytosis in the sea urchin egg Moleaddar Rarre o
and Development 48, 106-118
Dash R, Acharva . Bindu PC. Kundu SC. 2008
Anuoxidant potential of sl protein senan against

process, morphological  changes  occurred  in - the
ultrastructure of organclles. In morphometry, sericin
alfected only the cortical granules, but the ultrastruc-
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