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RESEARCH ARTICLE

Comparison of Conventional and Piezo-Assisted Oocyte
Reconstruction Methods for Ovine Somatic Cell Nuclear
Transfer”

Although somatic cell nuclear transfer (SCNT) is among the assisted reproductive technologies
utilized in livestock, technical losses occurring during embryo reconstruction remain one of the
significant factors limiting cloning efficiency. This study evaluated whether piezo-assisted oocyte
reconstruction could improve reconstruction-stage technical performance and embryonic
development compared with the conventional SCNT method in sheep. In vitro-matured oocytes
were enucleated and reconstructed by either conventional perivitelline donor cell placement
followed by electrofusion or direct piezo-assisted intracytoplasmic donor cell transfer. Enucleation
success did not differ between methods (p=0.112), whereas reconstruction success was modestly
but significantly higher in the piezo-assisted group (98.5% vs. 96.8%; p=0.044). Piezo-assisted
reconstruction also significantly increased the proportion of intact reconstructed oocytes (73.3% vs.
51.8%) and reduced oocyte lysis (26.7% vs. 48.2%; p<0.001). It also improved cleavage (30.5%
vs. 22.4%; p=0.015), overall embryo development (46.7% vs. 35.5%; p=0.002), and pre-morula
development (16.6% vs. 9.0%; p=0.003), while significantly reducing embryo degeneration (13.2%
vs. 27.8%; p<0.001). Morula—early blastocyst development was similar between groups (p=0.841).
These findings demonstrate that piezo-assisted reconstruction better preserves oocyte integrity,
reduces manipulation-induced damage, and enhances early embryonic development, representing
a practical strategy for improving ovine SCNT efficiency.

Key Words: Ovine, somatic cell nuclear transfer, piezo-assisted reconstruction, oocyte integrity, embryo
reconstruction

Koyun Somatik Hiicre Nukleer Transferinde Konvansiyonel ve Piezo Destekli Oosit
Rekonstriiksiyon Yontemlerinin Kargilagtirilmasi

Somatik hlcre nikleer transferi (SCNT), ¢iftlik hayvanlarinda kullanilan yardimci treme teknolojileri
arasinda yer almakla birlikte, embriyo rekonstriiksiyonu sirasinda meydana gelen teknik kayiplar
klonlama verimliligini sinirlayan 6nemli bir faktér olmaya devam etmektedir. Bu calismada,
koyunlarda konvansiyonel SCNT yontemi ile karsilastiridiginda piezo destekli oosit
rekonstriksiyonunun rekonstriksiyon asamasindaki teknik performansi ve embriyo gelisimini
iyilestirip iyilestirmedigi degerlendirilmistir. /n vitro olgunlastirilan oositler eniiklee edildikten sonra,
rekonstriikte oositler ya dondr hicrenin perivitellin bosluga yerlestiriimesini takiben elektrofiizyon
uygulanarak ya da piezo destekli dogrudan intrasitoplazmik dondr hicre transferi ile
olusturulmustur. Enikleasyon basarisi yontemler arasinda farklilik géstermezken (p=0.112),
rekonstriksiyon basarisi piezo destekli grupta konvansiyonel gruba gére sinirl ancak anlamli
dizeyde daha ylksek bulunmustur (%98.5'e karsl %96.8; p=0.044). Piezo destekli rekonstriiksiyon
saglam rekonstrikte oosit oranini anlamli diizeyde artirmis (%73.3'e karsi %51.8) ve oosit lizisini
azaltmistir (%26.7'ye karsi %48.2; p<0.001). Ayrica bu yontem, bélinme (%30.5'e karsi %22.4;
p=0.015), toplam embriyo gelisimi (%46.7'ye karsi %35.5; p=0.002) ve pre-morula gelisimi
(%16.6'ya karsi %9.0; p=0.003) oranlarini artirirken, dejenere embriyo oranini anlamh dizeyde
azaltmistir (%13.2'ye kars! %27.8; p<0.001). Morula—erken blastosist gelisimi bakimindan gruplar
arasinda anlamh bir farkliik saptanmamistir (p=0.841). Bu bulgular, piezo destekli
rekonstriiksiyonun oosit butlinligiini daha iyi korudugunu, manipulasyona bagh hasari azalttigini
ve erken embriyonik gelisimi iyilestirdigini gostermekte olup, koyun SCNT uygulamalarinda
verimliligin artirlmasina yonelik uygulanabilir bir strateji sundugunu ortaya koymaktadir.

Anahtar Kelimeler: Koyun, somatik hicre nikleer transferi, piezo destekli rekonstriiksiyon, oosit bitiinligd,
embriyo rekonstriksiyonu

Introduction

Somatic cell nuclear transfer (SCNT) is an assisted reproductive technology in
which the nucleus of a differentiated somatic cell is transferred into an enucleated
metaphase Il oocyte to generate a reconstructed embryo. The successful birth of Dolly,
the first mammal cloned from an adult somatic cell in 1997, demonstrated that
differentiated somatic nuclei can be reprogrammed by the oocyte cytoplasm to support
full-term development. This landmark achievement established sheep as a model for
mammalian cloning and represented a major milestone in developmental biology and
reproductive biotechnology (1). Since the birth of Dolly, SCNT has become an important
tool for livestock breeding, production of transgenic animals, conservation of
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endangered species, and biomedical research. More
recently, its integration with genome-editing technologies
has further expanded its applications (2, 3).

The developmental competence of cloned embryos
is influenced by multiple biological and technical factors
throughout the SCNT procedure. Successful cloning
depends on high-quality oocytes, accurate enucleation,
efficient embryo reconstruction, appropriate activation,
and optimal embryo culture. Although incomplete
epigenetic reprogramming remains a major limitation,
refinement of technical procedures, particularly embryo
reconstruction and micromanipulation techniques, is also
essential for improving developmental competence (2,
4). In sheep, despite continuous methodological
improvements in donor cell preparation, embryo
reconstruction, and activation protocols, cloning
efficiency remains relatively low (5, 6). Among the
reconstruction procedures, donor cell transfer represents
one of the most delicate micromanipulation steps.
Conventionally, donor cells are introduced into the
perivitelline space and fused with the recipient cytoplast
using electrical pulses. Although routinely employed in
livestock cloning, electrofusion may cause incomplete
membrane fusion, membrane disruption, oocyte lysis,
and degeneration of reconstructed oocytes (7-9). To
overcome these limitations, piezo-assisted
reconstruction has been introduced as an alternative
approach in which the donor cell is delivered directly into
the ooplasm, thereby eliminating the need for
electrofusion. Previous studies have suggested that
piezo-assisted reconstruction may improve
reconstruction-stage technical performance by reducing
mechanical manipulation and minimizing oocyte
damage, although its effects on subsequent embryo
development appear to depend on manipulation
parameters and experimental conditions (7, 10).
Nevertheless, comparative evaluations of conventional
and piezo-assisted reconstruction during ovine SCNT
remain limited (11).

Although previous ovine SCNT studies have mainly
focused on embryo development and cloning efficiency,
reconstruction-stage technical performance has received
comparatively little attention (11, 12). The present study
aimed to compare conventional and piezo-assisted
reconstruction methods during ovine SCNT, with
particular emphasis on reconstruction-stage technical
performance, including reconstruction success, post-
manipulation oocyte integrity, oocyte lysis, and
subsequent embryonic development.

Materials and Methods

Research and Publication Ethics: The
experimental procedures were approved by the Istanbul
University Animal Experiments Local Ethics Committee
(Approval No. 2016/33; 30 June 2016). Ovaries and
donor tissues were collected from sheep slaughtered for
commercial purposes at a local abattoir.

Experimental Design: The study compared two
embryo reconstruction methods used during ovine
somatic cell nuclear transfer (SCNT): (i) conventional
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periviteline  donor cell placement followed by
electrofusion and (ii) piezo-assisted intracytoplasmic
donor cell transfer. Recipient oocytes in both groups
underwent identical procedures for in vitro maturation,
enucleation, chemical activation, and embryo culture; the
only experimental variable was the reconstruction
method. The study was conducted over 12 independent
experimental sessions. Within each session, oocytes
processed under the same laboratory conditions were
allocated between the conventional and piezo-assisted
reconstruction groups, and both reconstruction
procedures were performed in parallel. Reconstructed
oocytes from both groups were subsequently cultured
under identical conditions within the corresponding
experimental session. Oocytes recovered from
slaughterhouse-derived ovaries were pooled during
collection and processing; therefore, individual oocytes
could not be traced to a specific donor animal or ovary.

Reconstruction-stage technical performance was
assessed based on reconstruction success, post-
manipulation oocyte integrity, and oocyte lysis.
Embryonic development was evaluated by cleavage,
overall embryo development, non-cleaved embryos, pre-
morula formation, morula—early blastocyst development,
embryo fragmentation, and embryo degeneration
following in vitro culture.

Preparation and Synchronization of Donor
Fibroblasts: Primary adult ovine fibroblasts were
established from ear skin collected immediately after
slaughter at a local abattoir. Tissue samples were
transported to the laboratory in phosphate-buffered
saline (PBS) supplemented with antibiotics. After
removal of cartilage and subcutaneous connective
tissue, skin explants were cultured in 60-mm dishes
containing Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 20% fetal bovine serum (FBS) and
1% antibiotic-antimycotic  solution. Cultures were
maintained at 38.5°C in a humidified atmosphere of 5%
CO, until fibroblasts reached approximately 70%
confluence. Cells were detached with 0.25% trypsin-
EDTA, subcultured, and cryopreserved at passages 2—3
in freezing medium containing 20% FBS and 10%
dimethyl sulfoxide (DMSO). Prior to SCNT, donor
fibroblasts were synchronized by contact inhibition. Cells
were maintained at complete confluence for an
additional 5 days in DMEM containing 10% FBS to
induce GO/G1 synchronization, as previously described
by Yagcioglu et al. (13).

Oocyte Collection, in vitro Maturation and
Selection of Oocytes: Sheep ovaries were collected
from a local abattoir and transported to the laboratory in
PBS maintained at 30-35°C. Cumulus—oocyte
complexes (COCs) were recovered by the ovarian
slicing method in oocyte washing medium (OWM). Only
Grade | and Il COCs with at least three to four compact
cumulus cell layers and homogeneous ooplasm were
selected for in vitro maturation. Selected COCs were
matured in commercial BO-IVM medium (IVF
Bioscience, Falmouth, UK) at 38.5°C in a humidified
atmosphere of 5% CO, for 20 h. Cumulus cells were
then removed by vortexing in HEPES-buffered synthetic
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oviductal fluid (SOF) medium containing 300 I1U/mL
hyaluronidase, and only metaphase Il oocytes exhibiting
the first polar body were selected for SCNT. Oocyte
collection, in vitro maturation, and oocyte selection were
performed as previously described, with minor
modifications (5, 6).

Enucleation and Embryo Reconstruction:
Metaphase Il (MIl) oocytes were randomly allocated to
either the conventional or piezo-assisted reconstruction
group prior to enucleation. Oocytes in both groups
underwent the same enucleation procedure and were
incubated in manipulation medium containing 5 pg/mL
Hoechst 33342 for 15 min and then transferred to
enucleation medium supplemented with 7.5 pg/mL
cytochalasin B. Enucleation was performed under an
inverted microscope (Olympus IX71, Olympus Optical
Co., Tokyo, Japan) equipped with Eppendorf
micromanipulators (TransferMan NK2; Eppendorf AG,
Hamburg, Germany) by aspirating the first polar body
together with the adjacent metaphase Il spindle.
Custom-made holding (120-130 pm outer diameter) and
donor cell transfer pipettes (20 pm inner diameter;
spiked- or straight-tip), fabricated from borosilicate glass
capillaries, were used for all micromanipulation
procedures. Enucleated oocytes (cytoplasts) were
subsequently incubated in SOF medium for 30 min
before donor cell transfer. Following enucleation, embryo
reconstruction was performed according to the
previously assigned group, either by conventional
perivitelline donor cell placement followed by
electrofusion or by piezo-assisted direct intracytoplasmic
donor cell transfer. In both groups, a single contact
inhibition-synchronized adult fibroblast served as the
donor cell, and reconstructed oocytes subsequently
underwent identical chemical activation (5, 6).

Conventional SCNT Reconstruction: In the
conventional SCNT group, a single donor fibroblast was
placed into the perivitelline space using a spiked donor
cell transfer pipette. Donor cell-cytoplast complexes
were transferred into fusion medium consisting of 0.3 M
mannitol, 0.1 mM MgClI, and 0.05 mM CacCl,. Cell fusion
was induced using a single direct-current pulse of 1.25
kVicm for 60-80 ps. Reconstructed oocytes were
incubated for 30-45 min under standard culture
conditions, after which successful fusion was assessed
microscopically (5, 6).

Piezo-assisted SCNT Reconstruction: In the
piezo-assisted group, a single donor fibroblast was
aspirated into a straight-tip borosilicate injection pipette
with an inner diameter of 15 um and an outer diameter
of 20 um. Mercury was used as the heavy liquid in the
injection pipette. Piezo-assisted manipulation was
performed using a PMM-4G piezo-assisted
micromanipulation system (Prime Tech Ltd., Ibaraki,
Japan) operated in Expert mode. The donor cell was
repeatedly aspirated and expelled within the injection
pipette while one or two piezo pulses were applied using
Condition B (intensity 8, speed 7) to induce plasma
membrane permeabilization. The injection pipette was
then advanced through the zona pellucida and oolemma.

268

Comparison of Conventional and Piezo-Assisted Oocyte ...

F.U. Vet. J. Health Sci.

A single piezo pulse was applied for zona pellucida
penetration using Condition B (intensity 8, speed 7),
whereas a single piezo pulse was applied for oolemma
penetration using Condition A (intensity 4, speed 2). The
injection site was selected in a region with a clearly
visible perivitelline space between the zona pellucida
and the oolemma to minimize mechanical damage to the
oocyte membrane. Following oolemma penetration, the
donor cell was deposited directly into the ooplasm.

Oocyte Activation and Embryo Culture:
Following donor cell transfer, reconstructed oocytes in
both groups were chemically activated by incubation in 5
png/mL calcium ionophore for 5 min, followed by culture
in 6-dimethylaminopurine (6-DMAP) for 3 h. Activated
embryos were washed and cultured in BO-IVC medium
(IVF Bioscience, Falmouth, UK) at 38.5°C in a humidified
atmosphere of 5% CO,, 5% O,, and 90% N,. Cleavage
was evaluated at 48 h post-activation, whereas further
embryonic development was evaluated on Day 8 of
culture (6). For fluorescence evaluation, representative
embryos were fixed in ice-cold ethanol containing 10
pg/mL Hoechst 33342 for 15 min and subsequently
examined under UV illumination using an Olympus IX71
fluorescence microscope (Olympus, Tokyo, Japan).

Evaluation of Reconstruction-stage Technical
Performance: The technical performance of the two
reconstruction methods was evaluated by assessing
reconstruction  success, post-manipulation  oocyte
integrity, and oocyte lysis. Reconstruction success was
defined as complete donor cell—-cytoplast fusion following
electrofusion in the conventional group and successful
intracytoplasmic deposition of the donor fibroblast
immediately after manipulation in the piezo-assisted
group. Following reconstruction, oocytes with an intact
oolemma and normal cytoplasmic morphology were
classified as intact reconstructed oocytes, whereas
those showing membrane rupture, cytoplasmic leakage,
or degeneration were classified as lysed oocytes.
Following in vitro culture, embryonic development was
assessed at defined time points. Cleavage was
evaluated at 48 h post-activation. Embryos showing
blastomere division were classified as cleaved embryos,
whereas fragmented embryos were recorded as a
separate developmental outcome and were not included
in the cleavage category. Overall embryo development
included both cleaved and fragmented embryos. Further
embryonic development was evaluated on Day 8 of
culture. Embryos that showed no cleavage but did not
meet the criteria for degeneration were classified as non-
cleaved embryos, whereas embryos showing
morphological degeneration were classified as
degenerated embryos. On Day 8, cleaved embryos were
further classified as pre-morula or morula—early
blastocyst according to their morphological stage. The
morula—early blastocyst category included embryos
ranging from the morula and compacted morula stages
to  morphologically identified early blastocysts.
Percentages for developmental outcomes were
calculated relative to the total number of reconstructed
embryos entering in vitro culture within each
reconstruction group.
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Statistical Analysis: Statistical analyses were
performed using IBM SPSS Statistics version 21.0 (IBM
Corp., Armonk, NY, USA). Categorical data, including
enucleation success, reconstruction success, oocyte
integrity, oocyte lysis, cleavage, overall embryo
development, non-cleaved embryos, pre-morula
formation, morula—early blastocyst development, embryo
fragmentation, and embryo degeneration, were
expressed as frequencies and percentages. Differences
between the conventional and piezo-assisted
reconstruction groups were analyzed using Pearson's
Chi-square test. Individual oocytes and embryos were
used as observational units for these frequency-based
comparisons, whereas the 12 experimental sessions
represented the independent experimental replicates.
Because oocytes recovered from slaughterhouse-
derived ovaries were pooled during collection and
processing, individual oocytes could not be traced to a
specific donor animal or ovary; therefore, clustering at
the donor-animal or ovary level could not be
incorporated into the statistical analysis. Expected cell
frequencies were examined and were adequate for the
application of Pearson's Chi-square test in all
comparisons. The final sample size reflected all eligible
oocytes available and processed across the 12
experimental sessions, and no prospective sample-size
calculation was performed. A two-tailed p<0.05 was
considered statistically significant. Exact p values are
reported where appropriate, whereas values below
0.001 are reported as p<0.001.

Results

Technical Performance of Reconstruction
Methods: A total of 1,727 metaphase Il oocytes were
used for SCNT, of which 915 were allocated to the
conventional reconstruction group and 812 to the piezo-
assisted reconstruction group (Table 1). Successful
enucleation was achieved in 654/915 (71.5%) and
608/812 (74.9%) oocytes in the conventional and piezo-
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assisted groups, respectively. Of the successfully
enucleated oocytes, 633/654 (96.8%) and 599/608
(98.5%) were successfully reconstructed, respectively.
Reconstruction success was significantly higher in the
piezo-assisted group than in the conventional group
(p=0.044). The piezo-assisted group also showed a
significantly higher proportion of intact reconstructed
oocytes and a lower incidence of oocyte lysis than the
conventional group (both p<0.001).

Embryo Developmental Outcomes: Of the 328
intact reconstructed oocytes in the conventional group,
29 were subsequently lost during the activation
procedure and therefore did not enter embryo culture or
the developmental assessment, resulting in 299 oocytes
entering in vitro culture. All 439 intact reconstructed
oocytes in the piezo-assisted group entered embryo
culture. Thus, a total of 738 reconstructed oocytes
entered in vitro culture for the evaluation of embryonic
development. Overall developmental outcomes are
presented in Table 2. Of the reconstructed embryos
entering culture, 110 (36.8%) in the conventional group
and 176 (40.1%) in the piezo-assisted group remained
non-cleaved, with no significant difference between
groups (p=0.366). The proportion of embryos showing
developmental progression was significantly higher,
whereas the proportion of degenerated embryos was
significantly lower, in the piezo-assisted group than in
the conventional group (p=0.002 and p<0.001,
respectively). The developmental stage distribution of
reconstructed embryos is summarized in Table 3.
Cleavage (p=0.015) and pre-morula development
(p=0.003) were significantly higher in the piezo-assisted
group than in the conventional group. However, no
significant differences were observed between the
groups in the proportions of embryos reaching the
morula—early  blastocyst stage or  undergoing
fragmentation (p=0.841 and p=0.241, respectively).
Representative images of cloned embryo development
during in vitro culture are shown in Figure 1.

Table 1. Comparison of reconstruction-stage technical performance between conventional and piezo-assisted

reconstruction methods during ovine SCNT

Reconstruction Oocytes used Successfully

Reconstruction Intact Lysed oocytes, n

method enucleated success, n (%) reconstructed (%)
oocytes, n (%) oocytes, n (%)

Conventional 915 654 (71.5) 633 (96.8)° 328 (51.8)0 305 (48.2)=

Piezo-assisted 812 608 (74.9) 599 (98.5)2 439 (73.3)2 160 (26.7)p

p-value 0.112 0.044 <0.001 <0.001

Values are presented as numbers with percentages in parentheses. Successfully enucleated oocytes were calculated relative to the
number of oocytes used. Reconstruction success was calculated based on successfully enucleated oocytes. Intact reconstructed
oocytes and lysed oocytes were calculated based on successfully reconstructed oocytes. Different superscript letters within the same
column indicate statistically significant differences between reconstruction methods (Pearson’s Chi-square test; p<0.05).
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Table 2. Overall developmental outcomes following conventional electrofusion-mediated and piezo-assisted
reconstruction during ovine SCNT

Reconstruction Reconstructed Embryo development,  Non-cleaved embryos, Degenerated
method embryos (n) n (%) n (%) embryos, n (%)
Conventional 299 106 (35.5) 110 (36.8) 83 (27.8)a
Piezo-assisted 439 205 (46.7)a 176 (40.1) 58 (13.2)p
p-value 0.002 0.366 <0.001

Values are presented as numbers with percentages in parentheses. Percentages were calculated based on the total number of
reconstructed embryos cultured within each reconstruction group. Embryos that showed no cleavage but did not meet the criteria for
degeneration were classified as non-cleaved embryos. Different superscript letters within the same column indicate statistically
significant differences between reconstruction methods (Pearson’s Chi-square test; p<0.05).

Table 3. Distribution of embryonic developmental stages following conventional electrofusion-mediated and piezo-
assisted reconstruction during ovine SCNT

Reconstruction o : o Morula—early Fragmented embryos,
method Cleavage, n (%) Pre-morula, n (%) blastocyst, n (%) n (%)
Conventional 67 (22.4) 27 (9.0)p 40 (13.4) 39 (13.0)
Piezo-assisted 134 (30.5)a 73 (16.6)2 61 (13.9) 71 (16.2)
p-value 0.015 0.003 0.841 0.241

Values are presented as numbers with percentages in parentheses. Percentages were calculated based on the total number of
reconstructed embryos cultured within each reconstruction group. Different superscript letters within the same column indicate
statistically significant differences between reconstruction methods (Pearson's Chi-square test; p<0.05).

Figure 1. Representative developmental stages of cloned ovine embryos produced by somatic cell nuclear transfer (SCNT). (A, B)
Cleavage-stage embryos (4—6 blastomeres). (C) Morula. (D) Compact morula. (E) Embryos at different developmental stages. (F)
Cleavage-stage embryo stained with Hoechst 33342 showing the nuclei of individual blastomeres. (G) Compact morula stained with
Hoechst 33342 showing nuclear localization within the blastomeres. Panels A and B were acquired using a x10 objective, panels C—E
using a x20 objective, and panels F and G using a x40 objective. Panels A—E were imaged under transmitted-light illumination,
whereas panels F and G were examined under UV fluorescence following Hoechst 33342 staining.
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Discussion

Somatic cell nuclear transfer is a multistep
procedure in which each micromanipulation step
influences the number of reconstructed embryos
available for subsequent development. Therefore,
optimization of reconstruction procedures remains
essential for improving livestock cloning efficiency (14,
15). In the present study, conventional electrofusion-
mediated and piezo-assisted reconstruction methods
were compared during ovine SCNT. Piezo-assisted
reconstruction significantly increased reconstruction
success and the proportion of intact reconstructed
oocytes, reduced oocyte lysis, and improved embryo
development, cleavage, and pre-morula formation.
These  findings indicate  that  piezo-assisted
reconstruction enhances post-manipulation oocyte
integrity and supports early embryonic development.
Because all recipient oocytes underwent an identical
enucleation protocol, these differences can be attributed
to the reconstruction procedure rather than enucleation
itself. As reported previously, enucleation depends

primarily on oocyte quality, accurate spindle
identification, and operator proficiency, whereas
reconstruction methods mainly influence post-

manipulation oocyte integrity and subsequent embryo
development (5, 6, 11, 12, 16, 17).

Although the absolute difference in reconstruction
success between the two methods was modest, it was
significantly higher in the piezo-assisted group (98.5%
vs. 96.8%; p=0.044). Similar observations in ovine
SCNT suggest that donor cell transfer is a reproducible
technical step and that overall cloning efficiency
depends on optimization of multiple procedures rather
than a single micromanipulation technique (5, 6, 15, 16,
18). In contrast, piezo-assisted reconstruction better
preserved oolemma integrity by increasing the
proportion of intact reconstructed oocytes and reducing
oocyte lysis. Because membrane disruption immediately
reduces the number of viable reconstructed embryos
available for activation and subsequent development,
preservation of membrane integrity is essential for
successful SCNT. These findings agree with previous
studies showing that piezo-assisted reconstruction
minimizes manipulation-induced damage and improves
membrane integrity (7, 8, 10, 17, 19), consistent with
recent reviews highlighting the importance of reducing
procedure-related cellular injury to improve SCNT
outcomes (9, 20).

The improved post-manipulation oocyte integrity
observed after piezo-assisted reconstruction may be
explained by controlled oolemma penetration using
piezo-generated mechanical pulses. In this approach,
permeabilized donor fibroblasts are deposited directly
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