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Abstract

%DFNJURXQG A unique feature of embryo metabolism is production of reactive oxygen
species (ROS). It is well established that during in vitro culture, ROS levels increase
over normal ranges observed for embryos developed in vivo. This study evaluates and
compares the stepwise pattern of ROS production during in vitro development of reconstructed goat embryos produced by zona-free method of somatic cell nuclear transfer
(SCNT). Furthermore, the pattern of ROS production of SCNT embryos were compared
with zona free embryos derived from in vitro fertilization (IVF).
0DWHULDOVDQG0HWKRGV In this experimental study, zona-free oocytes, SCNT and IVF
embryos at different stages of in vitro development (2, 4, 8, 16-cells, morula, and blastoF\VW ZHUHXVHGIRUDVVHVVPHQWRI526SURGXFWLRQXVLQJGLFKORURGLK\GURÀRXUHVFHLQ
diacetate (DCHFDA) probe and the result were presented as fold increase or decrease
relative zona free oocytes.
5HVXOWV 7KHUHODWLYHOHYHORI526FRPSDUHGWRPHWDSKDVH,, 0,, RRF\WHVLQVLJQL¿FDQWO\
decrease during early stages post embryo reconstitution and regained its value by 8-cell
DQGPRUXODVWDJHDQGVLJQL¿FDQWO\LQFUHDVHFRPSDUHGWR0,,RRF\WHVE\EODVWRF\VWVWDJH

&RQFOXVLRQ The pattern of ROS change in SCNT embryos is similar to zona free IVF
derived embryos, except it decrease from two cell stage and regain its value at morula
stage. The sudden rise in ROS at blastocyst stage, further emphasizes the special need of
IVF and SCNT derived embryos during this stage of development.
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Introduction
7KHHI¿FLHQF\RIEODVWRF\VWGHULYHGIURPin vitro
HPEU\RSURGXFWLRQ ,93 LVDURXQG  DQG
the birth rate per embryos transferred is around 3545% in domestic animals (2), despite great advances
DFKLHYHG LQ WKLV ¿HOG GXULQJ WKH SDVW WZR GHFDGHV
These rates of in vitro and in vivo developmental
Received: 11 Sep 2016, Accepted: 16 Nov 2016
*Corresponding Address: P.O.Box: 81593-58686, Department of Reproductive Biotechnology, Reproductive Biomedicine Research Center, Royan Institute for Biotechnology, ACECR, Isfahan, Iran
Email: mh.nasr-esfahani@royaninstitute.org

93

competence are almost invariably lower for embryos
produced by somatic cell nuclear transfer (SCNT)
technique, probably because, SCNT embryos have
altered gene expression and metabolism due to improper epigenetic reprogramming (3).
Through optimized of zona free SCNT procedure
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LQJRDWZHZHUHDEOHWRUHDFKDFORQLQJHI¿FLHQF\
(live birth) of 28.6% per transfer or 6.9% per embryo transfer and live birth of 21.42% per transfer
or 5.2% per embryo transfer (4) which is substantially higher than those previously reported in the
literature for goat (5, 6). Despite high cloning ef¿FLHQF\REWDLQLQWKLVDSSURDFKZHEHOLHYHWKHUHLV
still room to further improvement. One approach is
WRLQFUHDVHUHSURJUDPPLQJHI¿FLHQF\DWHSLJHQHWLF
level (7) and an alternative approach is to improve
the intervening techniques in zona free SCNT like
oocyte maturation, activation protocols, single versus group culture, and culture condition (8).

to understand if, and what extent, antioxidant comSRXQGVFRXOGEHXVHGWRLPSURYHWKHHI¿FLHQF\RI
SCNT reconstructed embryos. In farm animals,
Dalvit et al. (12) and Ostad Hosseini et al. (13) studied
patterns of ROS production during in vitro development of cattle and sheep embryos, respectively. But,
there is no study on pattern of ROS production during
in vitro development of goat IVF or SCNT embryos.
Therefore, the aim of this study was to develop and
compare patterns of ROS production during different
stages of pre-implantation of zona free IVF and zona
free SCNT embryos in goat.

Literature study reveal that across all the species
studied, including goat, composition of embryo
culture media have profound effects on in vitro
and in vivo embryo development (8). In regard to
this, a characteristic feature of embryos produced
in vitro, is high production of reactive oxygen speFLHV 526   DQGJRDWLVQRWRIDQ\H[FHStion, which to our knowledge has not been so far
studied. During in vitro embryo culture, ROS level
increases in a cell cycle dependent manner compared to the in vivo embryos at similar stages (9,
11). SCNT is a more complicated process in which
oocyte is exposed to various media and high degrees of in vitro manipulation which may adversely affect oxidation-reduction (REDOX) state of
developing embryo, a situation so called oxidative
stress (11). Therefore, it is important to understand
how different method of embryo production [in
vitro fertilization (IVF vs. SCNT)] can effect ROS
generation.

Materials and Methods

The association between increased generations
of ROS with zygote genomic activation (ZGA),
also known as maternal to embryo transition, was
¿UVWUHSRUWHGE\1DVU(VIDKDQLDQG-RKQVRQ  LQ
mice as an in vitro effect which it is well established that early embryonic block, and the rise in
generation of ROS during IVP are also maternally
derived and are independent of paternal contribuWLRQ  'XULQJ6&17PDWHUQDOFKURPRVRPHLV
totally replaced with diploid nuclei of a somatic
cell without any contribution by sperm. Therefore,
it is interesting to know, how the absence of maternal and paternal chromosomes and presence of somatic cell nuclei affect pattern of ROS generation
in developing SCNT embryos. Such information
may reveal light on how cytoplasm may regulate
production of ROS and may also help investigators

This study was approved by the Ethical Committee of Royan Institute. In this experimental study,
unless otherwise stated, all chemicals and media
used in the present study were obtained from Sigma (St. Louis, MO, USA) and Gibco (Life Technologies, Rockville, MD, USA), respectively.
2RF\WHin vitroPDWXUDWLRQ
Abattoir-derived ovaries were used for oocyte
in vitro maturation (IVM) as described previously
(4). In brief, cumulus oocyte complexes (COCs)
were aspirated from antral follicles and cultured
in maturation medium comprised of tissue culture
PHGLXP 7&0  VXSSOHPHQWHG ZLWK 
fetal calf serum (FCS), Na-pyruvate (2.5 mM), LJOXWDPLQH P0 SHQLFLOOLQ ,8P/ VWUHSWRP\FLQ  PJP/  IROOLFOHVWLPXODWLQJ KRUPRQH )6+PJP/ OXWHLQL]LQJKRUPRQH /+
PJP/ HVWUDGLROȕ PJP/ F\VWHDPLQH
P0 HSLGHUPDOJURZWKIDFWRU (*)QJ
P/ SOXVLQVXOLQOLNHJURZWKIDFWRU ,*)QJ
P/ IRUKRXUVXQGHUPLQHUDORLODW&
5% CO2, and maximum humidity.
'RQRUFHOOSUHSDUDWLRQ
Ear biopsy of a healthy pre-pubertal female goat
was taken, cut into 2-3 mm2 fragments and cultured
DVH[SODQWVLQ'XOEHFFR¶V0RGL¿HG(DJOH0HGLXP
) '0(0) FRQWDLQLQJ)&6DQGDQWLELRWLF  SHQLFLOOLQVWUHSWRP\FLQ  DW & 
CO2 in air. Cell started to shed out of the explants.
Eventually, these cells proliferate to forms a conÀXHQWPRQROD\HUZLWKLQZHHNV2EWDLQHGFHOOV
ZHUHXVHGIRULQYHVWLJDWLRQRI¿EUREODVWSKHQRW\SH
using differential immunostaining with anti-vimen-
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WLQ IRU¿EUREODVWV DQGSDQF\WRNHUDWLQ IRUHSLWKHOLDO FHOOV  DQWLERGLHV   &RQ¿UPHG ¿EUREODVWV DW
passages 3-5 were used for SCNT experiments. In
RUGHUWRSURYLGHDV\QFKURQL]HGSRSXODWLRQRI*
* FHOOV ZHUH ¿UVW FXOWXUHG DW î FHOOVFP2,
and at the next day, the cells were washed thrice
with phosphate buffer saline (PBS) before being
FXOWXUHG LQ PHGLXP WKDW FRQWDLQHG  )&6 IRU
4-5 days. Serum starved cells were subsequently
trypsinized and used for SCNT procedure.
6RPDWLFFHOOQXFOHDUWUDQVIHUSURFHGXUH
In vitro matured oocytes were denuded by vortexLQJLQSUHVHQFHRI,8P/K\DORUXQLGDVH2QO\
good quality oocytes with homogenous cytoplasm
DQGH[WUXGHG¿UVWSRODUERG\ZHUHXVHGIRUWKHH[periments. The process of zona free enucleation
was carried out as described previously by NasrEsfahani et al. (4). In brief, zona was removed by
brief enzymatic digestion [5 mg pronase in 1 mL of
Hepes-TCM199 (HTCM) for 1 minute] followed by
incubation in TCM199 free of pronase and containLQJ)&6WRQHXWUDOL]HWKHUHPDLQLQJHQ]\PH
It has been demonstrated that goat matured oocytes
revealed a cytoplasmic extrusion cone which is
clearly visible upon zona removal (14). This extrusion is considered as a hallmark of MII spindle
during enucleation. The cytoplasmic extrusion was
JHQWO\ DVSLUDWHG LQWR D  P SLSHWWH DQG ZLWK D
JHQWOHWRXFKDJDLQVWWKHEOLQGQHHGOH P WKH
MII extrusion was separated from the oocyte. SucFHVVIXO HQXFOHDWLRQ ZDV FRQ¿UPHG E\ VWDLQLQJ WKH
VHSDUDWHG0,,H[WUXVLRQZLWK+ JPO
minutes). During this procedure enucleated oocyte
are not exposed to UV.
Nuclear transfer (NT) was carried out according
WR +RVVHLQL HW DO   ,Q EULHI LQGLYLGXDO ¿EURblasts were adhered to oocytes in medium containLQJ  PJPO SK\WRKHPDJJOXWLQLQ 6XEVHTXHQWO\
WKHFRXSOHWVZHUHHOHFWURIXVHGLQP2VPIXVLRQ
EXIIHU > 0 0DQQLWRO  ȝ0 0J624  ȝ0
CaCl2ȝ0KHSHVERYLQHVHUXPDOEXPLQ
(BSA)]. The reconstructed oocytes were rested for
 KRXUV EHIRUH EHLQJ DFWLYDWHG XVLQJ LRQRP\FLQ
0PLQXW IROORZHGE\LQFXEDWLRQZLWKP0
6-DMAP for 2 hours. Reconstituted-activated ooF\WHVZHUHWKHQFXOWXUHGLQJURXSVRI¿YHWRVHYHQ
LQPRGL¿HGV\QWKHWLFRYLGXFWDOÀXLG P62) XQGHU
PLQHUDORLODW&&22, 5% O2 and humidi¿HGDLUIRUGD\VLQOZHOOV
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In vitroIHUWLOL]DWLRQSURFHGXUH
According to Forouzanfar et al. (16), matured
COCs were washed in fertilization medium and
JURXSVRI&2&VZHUHWUDQVIHUUHGLQWR
O GURSOHWV RI IHUWLOL]DWLRQ PHGLXP XQGHU PLQeral oil. Five straws of frozen spermatozoa were
WKDZHGDW&IRUPLQXWHSRROHGDQGZDVKHG
through Pure Sperm (Nidacon, Gothenburg, SweGHQ JUDGLHQW DQG WRVHSDUDWHWKHPRWLOH
spermatozoa from the immotile by centrifugation
>JIRUPLQXWHVDWURRPWHPSHUDWXUH 57 @
0DWXUHG&2&VZHUHLQVHPLQDWHGZLWKD¿QDOFRQcentration of two million sperm per ml. The inseminated COCs were incubated for 22 hours in
5% CO2LQKXPLGL¿HGDLUDW&7ZHQW\WZR
hours after insemination, cumulus cells attached to
oocytes were mechanically removed via pipetting.
Then, the zona was removed by brief enzymatic
digestion as described above. The presumptive zyJRWHVZHUHWKHQFXOWXUHGLQJURXSVRI¿YHWRVHYHQ
as described for SCNT embryos.
5HDFWLYHR[\JHQVSHFLHVPHDVXUHPHQW
The process of ROS measurement was as described previously (13). In brief, stock solutions of
GLFKORURGLK\GURÀRXUHVFHLQGLDFHWDWH '&+FDA, Sigma D6883, 5 mM) were prepared in diPHWK\OVXOIR[LGH '062 DQGVWRUHGDW&LQ
GDUN)RUHDFKH[SHULPHQW0ZRUNLQJVROXWLRQ
were prepared by dilution in TCM199 containing
1 mg/ mL poly vinyl alcohol (PVA). To measure
526OHYHOVHPEU\RVSHUUHSOLFDWHGHULYHG
from zona free IVF or SCNT were pooled from
different stages of embryo development (2-cells,
4-cells, 5-8-cells, and greater than 8-cells, morula
and expanded blastocysts). Zona free metaphase-II
(MII) oocytes were also simultaneously assessed.
6DPSOHVZHUHLQFXEDWHGZLWK0RI'&)+'$
LQ7&0IRUPLQXWHVLQLQFXEDWRU6DPSOHV
ZHUHWKHQZDVKHGLQ7&0SODFHGLQOGURSlets covered by mineral oil and then immediately
H[SRVHG WR 89 OLJKW RI D ÀXRUHVFHQW PLFURVFRSH
2O\PSXV,;-DSDQ DQGREVHUYHGXVLQJ¿OWHU
VHWV H[FLWDWLRQZDYHOHQJWKQPHPLVVLRQ
wavelength: 515-565 nm). Digital images of individual oocyte or embryo were taken with a high
sensitive camera (DP-72, Olympus, Japan). Background, positive and negative controls were taken
WR DFFRXQW IRU ÀXRUHVFHQFH RU LQWHUH[SHULPHQWDO
variations. Fluorescent intensity of each taken im-
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age was assessed by Image J (National Institute of
Mental Health, Bethesda, MD, USA). To reduce
variations and possible errors, when comparison
between different groups was required, experiments were designed so that oocytes and embryos
from each group were available for assessment at
the same period. To further minimize inter-experLPHQWDOYDULDWLRQWKHUHODWLYHÀXRUHVFHQFHLQWHQsity of each embryonic stage to the mean intensity
of MII-oocytes in the same experiment was calculated according to the below formula:
7KHUHODWLYHLQWHQVLW\LVGH¿QHGDVWKHGLIIHUHQFH
in the intensity of embryos from the mean intensity
of MII-oocytes/mean intensity of MII-oocytes. It
is important to note that for assessment of ROS at
each embryonic stage at least three replicates were
FDUULHGRXW)RUHDFKUHSOLFDWHDWOHDVWWRHPbryos and 55 to 95 oocytes were assessed.

Figure 2 shows the mean relative intensities of
embryos relative to MII-oocytes at different stages
of development in zona free IVF and SCNT derived embryos. As shown, in zona free IVF emEU\RVWKHPHDQUHODWLYH526OHYHOVVLJQL¿FDQWO\
decreased at 4 and 8- cell stages relative to the
mean intensity of MII-oocytes and then began to
ULVHE\FHOOVWDJHZKLFKUHVXOWHGLQDVLJQL¿FDQW
increases by compact and blastocyst stages relative to all the earlier stages. Moreover, the relative
LQFUHDVH DW WKH EODVWRF\VW VWDJH ZDV VLJQL¿FDQWO\
higher than compact embryos.

6WDWLVWLFDODQDO\VLV
Percentages data were transformed by ArcSin
and analyzed by one way ANOVA model of SPSS
version 17 (SPSS, Science, Chicago, IL, USA).
Differences were compared by the Tukey multiple
comparison post hoc test. All data are expressed as
PHDQ6(0DQGGLIIHUHQFHVZHUHFRQVLGHUHGDV
VLJQL¿FDQWDW3

Results
5HDFWLYHR[\JHQVSHFLHVPHDVXUHPHQW
)LJXUHVKRZVÀXRUHVFHQFHLPDJHVRIJRDW0,,
oocyte, zona free SCNT and IVF embryos at different stages of pre-implantation embryo development following staining with DCFHDA for ROS
measurement. As depicted, irrespective of embryo
SURGXFWLRQPHWKRGÀXRUHVFHQFHLQWHQVLW\LQFUHDVHG
as the embryo progressed toward blastocyst stage.

Fig.1: ZĞƉƌĞƐĞŶƚĂƟǀĞ ŇƵŽƌĞƐĐĞŶĐĞ ŝŵĂŐĞƐ ŽĨ ŐŽĂƚ ǌŽŶĂ ĨƌĞĞ
D//ͲŽŽĐǇƚĞ͕/s&ĂŶĚ^EdͲĚĞƌŝǀĞĚĞŵďƌǇŽƐĂƚĚŝīĞƌĞŶƚƐƚĂŐĞƐŽĨ
ƉƌĞŝŵƉůĂŶƚĂƟŽŶĞŵďƌǇŽĚĞǀĞůŽƉŵĞŶƚ͘KŽĐǇƚĞƐǁĞƌĞƐƚĂŝŶǁŝƚŚ
&,ĨŽƌZK^ŵĞĂƐƵƌĞŵĞŶƚ͘ĂƌƌĞƉƌĞƐĞŶƚƐϮϱђŵ͘
D//͖ DĞƚĂƉŚĂƐĞͲ//͕ /s&͖ In vitro ĨĞƌƟůŝǌĂƟŽŶ͕ ^Ed͖ ^ŽŵĂƟĐ ĐĞůů
ŶƵĐůĞĂƌƚƌĂŶƐĨĞƌ͕&,͖Ϯ͕ϳͲĚŝĐŚůŽƌŽĚŝŚǇĚƌŽŇŽƵƌĞƐĐĞŝŶĚŝĂĐĞƚĂƚĞ͕ZK^͖ZĞĂĐƟǀĞŽǆǇŐĞŶƐƉĞĐŝĞƐ͕ĂŶĚEd͖EƵĐůĞĂƌƚƌĂŶƐĨĞƌ͘

Fig.2. ŽŵƉĂƌĂƟǀĞĂŶĂůǇƐŝƐŽĨƚŚĞŵĞĂŶZK^ůĞǀĞůŽĨD//ŽŽĐǇƚĞƐ͕
ǌŽŶĂĨƌĞĞ/s&ĂŶĚ^EdĞŵďƌǇŽƐĂƐƐĞƐƐĞĚƵƐŝŶŐƚŚĞ,&ƉƌŽďĞ͘
ZK^͖ ZĞĂĐƟǀĞ ŽǆǇŐĞŶ ƐƉĞĐŝĞƐ͕ D//͖ DĞƚĂƉŚĂƐĞͲ//͕ /s&͖ In vitro
ĨĞƌƟůŝǌĂƟŽŶ͕ ^Ed͖ ^ŽŵĂƟĐ ĐĞůů ŶƵĐůĞĂƌ ƚƌĂŶƐĨĞƌ͕ &,͖ Ϯ͕
ϳͲĚŝĐŚůŽƌŽ ĚŝŚǇĚƌŽŇŽƵƌĞƐĐĞŝŶ ĚŝĂĐĞƚĂƚĞ͕ Ed͖ EƵĐůĞĂƌ ƚƌĂŶƐĨĞƌ͕
ĂͲĐ͖ŝīĞƌĞŶƚůĞƩĞƌƐƐŚŽǁĞĚƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞƐǁŝƚŚŝŶƚŚĞEd
ĚĞƌŝǀĞĚĞŵďƌǇŽƐ͕Ͳ͖ŝīĞƌĞŶƚůĞƩĞƌƐƐŚŽǁĞĚƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞƐǁŝƚŚŝŶƚŚĞ/s&ĚĞƌŝǀĞĚĞŵďƌǇŽ͕ΎΎ͖/ŶĞĂĐŚĞŵďƌǇŽƐƚĂŐĞ
ƐŚŽǁĞĚƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞƐďĞƚǁĞĞŶEdĂŶĚ/s&ŐƌŽƵƉƐ͘

The trend of ROS production in SCNT embryos
appear to follow the same trend as those of zona
free IVF embryos. In zona free IVF embryos the
decrement in ROS occur after 2-cell stage while in
zona free SCNT reconstructs, the decrements being
at earlier stage (post reconstruction). Subsequently,
the increment in ROS production in zona free IVF
embryos begin at around 8-cell stage while the increment in zona free SCNT embryo begin at around
4-cell stage. Therefore, despite similar trend of ROS
SURGXFWLRQDVLJQL¿FDQWGLIIHUHQFHEHWZHHQWKHWZR
groups were observed at 2- (lower in SCNT group),
4- (higher in SCNT group) and 8- (higher in SCNT
JURXS FHOOVWDJHV$VLJQL¿FDQWGLIIHUHQFHZDVDOVR
observed at blastocyst stage. The degree of ROS
SURGXFWLRQ ZDV VLJQL¿FDQWO\ KLJKHU LQ EODVWRF\VW
derived from zona free IVF embryos in comparison
to zona free SCNT reconstructs.
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During this study, unlike the zona free IVF embryos, in some of the SCNT embryos one or more
EODVWRPHUHVVKRZHGKLJKHUÀXRUHVFHQFHLQWHQVLW\
compared to other blastomeres (Fig.3).

Fig.3: ŽŶĮƌŵĂƟŽŶŽĨƉƌĞƐĞŶĐĞŽĨŶƵĐůĞŝŝŶĐůŽŶĞĚĞŵďƌǇŽƐ͘ƵƌŝŶŐƚŚĞ^EdƉƌŽĐĚƵƌĞ͕ƐŽŵĞĞŵďƌǇŽƐŵĂǇďĞĐŽŵĞĨƌĂŐŵĞŶƚĞĚ
ĂŶĚƉƌŽǀŝĚŝŶŐďůĂƐƚŽŵĞƌĞƐǁŝƚŚŽƵƚŶƵĐůĞŝ͘dŚĞƌĞĨŽƌĞ͕ĐŽŵďŝŶĞĚ
ƐƚĂŝŶŝŶŐǁŝƚŚŶƵĐůĞĂƌĚǇĞ;,ϯϯϯϰϮͿĂŶĚ,&ǁĂƐĐĂƌƌŝĞĚŽƵƚ
ƚŽ ŝŶǀĞƐƟŐĂƚĞ ƚŚŝƐ ƉŚĞŶŽŵĞŶŽŶ͘ Ɛ ƐŚŽǁ͕ ĞǆĐĞƉƚ ĨŽƌ ŽŶĞ ďůĂƐƚŽŵĞƌĞǁŝƚŚŽƵƚŶƵĐůĞƵƐ;ĂƌƌŽǁͿ͕ĂůůƚŚĞŽƚŚĞƌďůĂƐƚŽŵĞƌĞƐǁŝƚŚ
ŚŝŐŚŝŶƚĞŶƐŝƚǇĨŽƌ,&ŚĂĚŶƵĐůĞŝ͘ĂƌƌĞƉƌĞƐĞŶƚƐϱϬђŵ͘
^Ed͖ ^ŽŵĂƟĐ ĐĞůů ŶƵĐůĞĂƌ ƚƌĂŶƐĨĞƌ ĂŶĚ &,͖ Ϯ͕ ϳͲĚŝĐŚůŽƌŽ
ĚŝŚǇĚƌŽŇŽƵƌĞƐĐĞŝŶĚŝĂĐĞƚĂƚĞ͘

Also, it has been reported that some blastomeres,
due to asymmetrical division, are non-nucleated.
In order to understand if this phenomenon has
any relation to intensive ROS levels within blastomeres, the SCNT embryos with non-uniformed
ROS staining were also stained with viable chroPDWLQ G\H +  JPO IRU  PLQXWHV  DQG
no relation was observed between ROS intensity
with presence or absence of chromatin in each
blastomeres. As shown in Figure 3, except for one
blastomere without nucleus (arrow), all the other
blastomeres with high ROS intensity had nuclei.

Discussion
The results of this study showed that the relative
ROS production in zona free IVF derived embryos
decreased following fertilization, began to rise at
around zygote genomic transition (ZGA) which
occur around 8-16 cell stage (17), and substantially increased from compaction to the blastocyst
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stage. The overall trend of ROS pattern in developing SCNT embryos was similar to zona free IVF
embryos, except for the time of ROS raise that apparently took place at earlier stages (4-8 cell stage)
in SCNT embryos. The increase in relative ROS
production around the ZGA in consistent with
the previous reports in other species [mice: NasrEsfahani and Johnson (9)], [bovine: Dalvit et al.
(12)], [sheep: Ostad Hosseini et al. (13)]. During
ZGA maternal stores of RNA become gradually
depletion and embryo begins to rely on its own
genome transcription. The earlier raise of ROS in
SCNT embryos might be related to difference in
mRNA clearance, mitochondrial activation, or the
depletion of antioxidant capacity (like glutathione
(GSH) content) during SCNT or genomic reprogramming which needs further investigations (18).
Although, the pattern of ROS production is speFLHVVSHFL¿FLWKDVEHHQHVWDEOLVKHGWKDWWKHVWDJH
of ZGA in developing embryos of mice and other
animals investigated so far, coincides with a sharp
LQFUHDVH LQ 526 OHYHO    ,Q WKLV UHJDUG D
number of studies have shown that antioxidant
supplementation of culture medium, particularly
around the peak of ROS production, improves developmental competence of embryos (13, 21-23),
thus suggesting a link between REDOX state and
ZGA arrest embryos. In agreement, it is frequently
UHSRUWHG WKDW ZKHQ ¿UVW HPEU\RQLF GLYLVLRQ FRPmences, majority of the cleaved embryos may progressed to the stage which coincides with ZGA irrespective of their initial quality. Therefore, arrest
around the ZGA period is considered the bottleneck
of in vitro embryo development (18). In this sense,
WKLVVWXG\IRUWKH¿UVWWLPHLQWKHJRDWVVKRZWKDW
the increase in ROS production also occurs around
the ZGA stage, and therefore, supplementation of
antioxidant around 8 to 16 -cells stages and after
that when ROS level substantially increases, may
improve in vitro development of goat embryos.
In accordance with previous reports in other species, (9, 12, 13), we also observed a substantial raise
in ROS at compaction and blastocyst stage in both
groups. This rise in ROS production, is very likely to
be related to a switch from anaerobic to aerobic glycolysis, since the ATP production becomes dependent
on Krebs cycle after ZGA while before this stage ATP
production is mainly dependent on glycolysis. The
GHJUHHRI526SURGXFWLRQZDVVLJQL¿FDQWO\KLJKHULQ
IVF compared to SCNT derived blastocysts and this
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is likely due to higher quality and metabolic activity
of IVF derived embryos, but this conclusion needs
further validation. Another interesting observation in
this study was the higher ROS production in some
nucleated blastomeres of SCNT embryos which was
rarely seen in IVF derived embryos. The reason for
this difference remains to be elucidated.

Conclusion
7KLV VWXG\ IRU WKH ¿UVW WLPH GHVFULEHG WKH SDWWHUQ
of ROS production in reconstructed embryo derived
from SCNT procedure and in zona free goat embryo.
The results showed two major time points of increased
526 SURGXFWLRQ7KH ¿UVW UDLVH LQ 526 SURGXFWLRQ
was observed during ZGA and the second raise took
place during the period of blastocyst formation. These
results may emphasize the special need of SCNT and
zona free IVF derived embryos to external source of
antioxidants during these two critical stages of develRSPHQWZKLFKLQWXUQPD\DIIHFWWKHHI¿FLHQF\RIHPbryo production from these two techniques.
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