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Abstract

Oocytes matured in vitro have higher lipid content and fatty acid binding protein3 (FABP3) may mediate the inter or intracellular
transport of lipids and fatty acids. Our aim was to investigate the effects of varying concentrations of FABP3 during in vitro
maturation on blastocyst development of oocytes. In Experiment 1, oocytes from abattoir-derived ovaries were matured in media
supplemented with 1, 10 or 20 or 0 pg/ml FABP3 (control). In Experiments 2 and 3, oocytes collected via transvaginal aspiration
from mature nonlactating Jersey cows (425-500 kg) were matured in media at concentrations with 10 or 20 and 0 pg/ml FABP3
(control; Experiment 2), 1 or 5 and 0 pg/ml, FABP3 (control; Experiment 3). After fertilization and 8 days of culture, cleavage and
blastocyst rates were analysed. In Experiment 1, cleavage rate was higher (p < 0.05) in 20 pg/ml group compared to control and
10 pg/ml FABP3 groups. In Experiment 2, cleavage rate was higher (p < 0.05) in control and 10 pg/ml groups compared to 20 pg/ml
group and blastocyst development was higher (p < 0.05) in control compared to 20 ug/ml group. In Experiment 3, cleavage and
blastocyst development was higher (p < 0.05) in the control group compared to 5 pg/ml group. There was no clear benefit of FABP3
demonstrated among tested concentrations; however, 20 pg/ml during in vitro maturation appeared to be detrimental to cleavage

and embryo development in oocytes aspirated from live cows.
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Introduction

Cattle production has greatly benefitted from assisted repro-
ductive technologies (ART) that enhance the dissemination
of superior genetics, reduce generation intervals, and improve
productivity, ultimately increasing the efficacy of production
systems. These are crucial for meeting the rising global
demand for livestock products while also supporting profit-
ability and sustainability of the environment. Among ART, in
vitro embryo production (IVP) has been the most impactful
in the cattle industry. Worldwide IVP embryos made up
79.7% of all transferrable cattle embryos in 2021.! Despite its
widespread adoption and potential to address genetic and
financial challenges for producers, IVP still faces limitations,
particularly in blastocyst development rates. In cattle, only
about 20-40% of cultured presumptive zygotes will reach the
blastocyst stage,? highlighting the need for further optimiza-
tion of embryo in vitro culture conditions. This broad varia-
tion is due to a variety of factors (e.g. follicular profile, health
status, endocrine dynamics, possibly stress [heat or han-
dling]). Abnormal development and decreased efficiency
is common in ART due to the oocyte source and exposure
of gametes and embryos to nonphysiological in vitro

conditions.? Despite recent advances in IVP biotechniques,
the required processes of in vitro maturation, fertilization,
and embryo culture remain a source of stress on gametes and
embryos that contributed to low and variable embryo devel-
opment.* Embryos derived by IVP differ from their in vivo
counterparts in terms of morphological, molecular, and met-
abolic characteristics.” One of the most recognized metabolic
abnormalities is increased lipid accumulation during IVP.
Although lipids are essential for various cellular functions
(e.g. membrane composition, energy storage, cell signalling,
and as an energy substrate) excessive lipid accumulation in
IVP embryos is associated with reduced embryo quality and
poor cryotolerance.’

Maturation of oocytes is crucial. the first step of IVP, and
requires meiotic and cytoplasmic changes to be completed at
the proper timing and in the correct sequence. Ultimately, in
vitro maturation bypasses the biological process of selecting
follicles destined to ovulate. Lipid accumulation in bovine
and mouse embryos occurs during in vitro maturation®’ but
not during in vivo maturation.” Fatty acid binding protein is
believed to mediate the transport of lipids and fatty acids

CONTACT Jessica Looman @ jlooman@ttu.edu

© 2026 The Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http:// 1
creativecommons.org/licenses/by-nc/4.0/), permitting all noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Citation: Clinical Theriogenology 2026, 18, 13028, http://dx.doi.org/10.58292/CT.v18.13028


mailto:jlooman@ttu.edu
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.58292/CT.v18.13028

between oocytes and cumulous cells via transzonal projec-
tions. Fatty acids and their derivatives have several important
roles in the cell, including serving as energy sources, contrib-
uting to membrane synthesis, and acting as signalling mole-
cules in metabolic pathways.® Because fatty acids are
hydrophobic, they require transport proteins to move effi-
ciently within the cell. Fatty acid binding proteins are a group
of intracellular chaperones that bind fatty acids with high
affinity and facilitate their transport to various organelles (e.g.
mitochondria, endoplasmic reticulum, nucleus).® These pro-
teins are highly expressed in tissues with active fatty acid
metabolism and exist in multiple isoforms. Based on results
(unpublished data), fatty acid binding protein3 (FABP3) may
have a role in effective maturation and development by facili-
tating lipid movement within the cells and across the plasma
membrane; FABP3 was higher in embryos that reached the
blastocyst stage compared to those that were arrested at the
8-16 cell stage, from the same culture. Our aim was to investi-
gate the developmental dynamics (cleavage and blastocyst for-
mation) of bovine oocytes of multiple sources matured with
varying concentrations of FABP3 supplemented in the matura-
tion media.

Materials and methods

The animal study was reviewed and approved by the Institutional
Animal Care and Use Committee (2022-1162), School of
Veterinary Medicine, Texas Tech University.

Oocyte collection

Three experiments were conducted in replicate using
oocytes obtained either from abattoir-derived ovaries
(Experiment 1) or via transvaginal follicle aspiration of
Jersey cows (Experiments 2 and 3). For Experiment 1, ova-
ries from an abattoir (Caviness Beef Packers, Hereford, TX,
USA) were transported within 1 hour to the laboratory at
room temperature suspended in physiological saline solu-
tion. Cumulus oocyte complexes were aspirated from
2-8 mm follicles using an 18 gauge needle and a vacuum
pump (flow rate = 18-20 ml/minute) at a pressure of 100
mm Hg. For Experiment 2 and 3, oocytes were collected
from reproductively sound, mature, nonlactating Jersey
cows (425-500 kg) via transvaginal ultrasound-guided fol-
licular aspiration. Cows were first given a luteolytic dose of
prostaglandin F, and a progesterone device was placed to
manage the estrous cycle.

Cows were restrained in a head lock and an epidural (5 ml of
2% lidocaine) anaesthesia was given. The vulva and perineal
region was washed and disinfected and the transvaginal ultra-
sound probe was introduced. Each ovary was located by tran-
srectal palpation and was retracted to the head of the
ultrasound transducer. All accessible follicles > 3 mm in diam-
eter were aspirated. A disposable 20 gauge needle was attached
to silicone tubing and an aspiration pump was used to create
a vacuum pressure of 65 mm Hg. After puncturing several fol-
licles, the system was rinsed with commercial ovum pick-up
media (Stroebech Media; Hundested, Denmark) kept at a
temperature of 36°C. After recovery, the contents and OPU
medium were filtered through an EZ way filter. Cumulous
oocyte complexes were located under a stereomicroscope and
packaged for transport (20 minutes) to the laboratory for
placement into in vitro maturation media. Cows were aspi-
rated every 2-5 days for 5 (Experiment 2) or 8 (Experiment 3)
collection sessions.

All in vitro procedures (maturation, fertilization, culture)
were conducted under an oil overlay at 38.5°C in a fully
humidified (5% CO,, 5% O,, 90% nitrogen) environment.

In vitro maturation

All wash, maturation, fertilization, and culture media were
from Stroebech Media and FABP3 (Part Number RP-75543)
was from Invitrogen (Waltham, Massachusetts, USA). Selected
oocytes with compact cumulus cells and homogeneous cyto-
plasm were washed twice in wash media. Groups of
10-15 cumulus oocyte complexes were placed in 50 pl drops
of maturation media and incubated for 18-20 hours. In
Experiment 1, oocytes were randomly allocated into 1 of 4
treatment groups: control (without FABP3) and 1, 10 or
20 pg/ml FABP3. In Experiment 2, oocytes were randomly
allocated into 1 of 3 treatment groups: control (without
FABP3) and either 10 or 20 pg/ml FABP3. In Experiment 3,
oocytes were randomly allocated into 1 of 3 treatment groups:
control (without FABP3) and either 1 or 5 pg/ml FABP3.

Sperm preparation and in vitro fertilization

Matured oocytes were washed twice in wash media and
once in fertilization media. They were then placed in groups
of 10-50 oocytes per well in 4 well plates containing 500 pl
of fertilization media per well with a 400 pl oil overlay.
Sperm from 1 bull were obtained by centrifugation of fro-
zen-thawed semen. Prior to use in these experiments, the
selected bull semen was examined for motility, morphol-
ogy, and concentration for in vitro fertilization. BoviPure
solution (BP-100; Nidacon; Mdélndal, Sweden) was diluted
with BoviDilute (BD-100; Nidacon) to obtain a bottom
layer (2 ml) of 80% BoviPure overlaid with a top layer
(2 ml) medium at 40%. Frozen semen straws were placed in
a water bath at 37°C for 30 seconds and semen was gently
layered on top the 40% BoviPure layer. Columns were cen-
trifuged at 1,507 x g for 13 minutes. After centrifugation,
fluid above the sperm pellet was carefully removed and a
7 pl sperm pellet (from preliminary data) was added to
each fertilization well (~ 10° sperm/ml final concentration).
Oocytes were coincubated with semen in fertilization wells
for 18-20 hours.

In vitro culture

After fertilization, cumulus cells were removed from presump-
tive zygotes by vortexing in 250 pl of wash media for 2 min-
utes and 25 seconds or denuding gently with a pipette. The
presumptive zygotes were randomly placed by treatment
group into 50 pl culture drops on a 60 x 15 mm cell culture
dish under a 10 ml oil overlay; 369 presumptive zygotes were
cultured for Experiment 1, 234 for Experiment 2, and 304 for
Experiment 3. Presumptive zygotes were incubated for
7-8 days of culture, and then cleavage (> 2 cells) and blastocyst
rates were evaluated.

Data analysis

Contingency tables were constructed for cleavage and blasto-
cyst development outcomes. Cleavage and development to
blastocysts were evaluated on days 7 or 8 of culture. Embryo
grown alone was the observational unit with a binary out-
come recorded (achieved developmental stage or not). Data
were analysed via Chi-square. Pairwise comparison was
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performed using a 2 proportion z-tests. Significance level was
set at p < 0.05. All analyses were performed on R Statistical
Software, R version 4.2.1 (R Core Team 2022).

Results

In Experiment 1, oocytes from abattoir-derived ovaries had a
cleavage rate that was higher (p < 0.05) for 20 pg/ml (74.1% +
6.0) group compared to control or 10 pg/ml (55.9% + 5.1,
51.7% + 4.6; respectively) group. There was no significant dif-
ference between 20 and 1 pg/ml (63.7% + 4.8), 10 and 1 mg/
ml, control and 1 pg/ml, or 10 pg/ml and control. There was
no difference in blastocyst development among groups
(16.7% + 3.7, 17.5% + 3.5, 22.2% + 5.7, and 21.5% + 4.3 for
1, 10, 20, and control groups).

In Experiment 2, oocytes from live cows had a cleavage rate
that was significantly higher in the control and 10 pg/ml group
(75.0% + 5.0; 64.6% =+ 5.4; respectively) compared to the
20 pg/ml group (32.9% + 5.3). There was no significant differ-
ence between 10 pg/ml and control. Blastocyst development
was significantly higher in the control (34.2% + 5.4) com-
pared to 20 (10.1% =+ 3.4). No significant difference was
detected between 20 and 10 (20.2% =+ 4.5) but control tended
(p = 0.07) to be higher than the 10 pg/ml group.

In Experiment 3, oocytes from live cows had a cleavage rate
that was higher (p < 0.05) in the control group (78.0% =+ 4.0)
compared to the 5 pg/ml group (63.4% + 4.8). The group of
1 pg/ml (75.5% =+ 4.4) was not different from either group.
Likewise, blastocyst development was significantly higher in
control (29.4% + 4.4) compared to 5 pg/ml (15.8% + 3.6) but
1 pg/ml (22.3% =+ 4.3) was not different from either group.
Results are summarized in Table.

Discussion

We utilized in vitro maturation media supplemented
with and without FABP3 as an intervention to regulate lipid
accumulation. In vitro maturation is the first crucial step in in
vitro embryo production that sets up the female gamete for
success in embryo development. In cattle, lipid accumulation

primarily occurs during in vitro maturation of oocytes but not
during in vivo oocyte maturation.>”® Exact mechanisms by
which IVP embryos accumulate more lipids are unclear® but
lipids in the maturation media may be a source.” Compelling
evidence for bovine embryos suggested a correlation between
lipid-rich culture media and high lipid content, and low
cryotolerance of blastocysts.!" Mouse oocytes exposed to lip-
id-rich follicular fluid from woman of known body mass
index during their maturation had increased oocyte lipid con-
tent, induction of endoplasmic reticulum stress markers, and
impaired oocyte nuclear maturation.'? Because increased
body mass index is associated with elevated triglycerides and
free fatty acids in ovarian follicular fluid, oocytes suffer as
maturation within lipid-rich environments is detrimental to
oocytes.!? Lipid accumulation was accentuated when bovine
oocytes were matured in fetal bovine serum.” Many laborato-
ries have moved away from fetal bovine serum due to its
undefined composition and high batch to batch variability
that contributed to inconsistent outcomes and is suspected to
contribute to large offspring syndrome.!* Serum was not sup-
plemented in any of our 3 experiments (we used serum-free
media). Therefore, alternative mechanisms for lipid accumu-
lation must be explored. Oocytes of mammalian species have
various lipid contents in absolute terms and in relation to the
ooplasm.' This may be due to differences in energy metabo-
lism among species; therefore, conclusions about lipid man-
agement cannot be applied directly to other species. Oocytes
derived from cows contain ~ 5.69 x 10~° ng/pm? fatty acids'®
with almost 50% (~ 2.3 x 10~° ng/um?) stored in the form of
lipid droplets.’ Because of lipid droplets, the oocytes from
cows, pigs, and sheep appear darker than those from mice and
humans.!* Bos taurus cows naturally have greater lipid accu-
mulation in IVF-derived embryos than Bos indicus, and the
former still has greater cryotolerance.®

Experiments 2 and 3 utilized mature, nonlactating Jersey cows,
as their oocytes and embryos are more naturally lipid-rich
compared to other Bos taurus breeds.'” Lipid content of in vivo
embryos of Jersey cows and beef cows were compared.'
Embryo weight was correlated with lipid content; beef cattle
embryos were 20-27% heavier than Jersey cow embryos, a dif-
ference explained by significantly higher lipid content in
Jersey cow embryos (~ 36%) compared to beef cattle embryos
(~ 8%).'"® As Experiment 1 utilized abattoir-derived oocytes

Table. Effects of FABP3 supplementation during in vitro maturation on cleavage and blastocyst development of oocytes collected
from an abattoir or Jersey cows via ultrasound-guided transvaginal follicular aspiration

Experiment | FABP3 supplementation | Number of embryos cultured | Percent cleaved + SEM |Percent blastocysts + SEM|
Control 93 55.9°+ 5.1 21.5+4.3
L+ 1 pg/ml 102 63.1*>+ 4.8 16.7 +3.7
10 pg/ml 120 51.7°+ 4.6 17.5+3.7
20 pg/ml 54 74.1* + 6.0 222 +5.7
Control 76 75.0°+ 5.0 342+ 54
2# 10 pg/ml 79 64.6** +5.4 20.2°+ 4.5
20 pg/ml 79 32.9*+5.3 10.1>+ 3.4
Control 109 78.0° £ 4.0 294*+44
3# 1 pg/ml 94 75.5%" & 4.4 22.3*0 + 4.3
5 pg/ml 101 63.4>+ 4.8 15.8" £ 3.6

*abattoir-derived oocytes, #aspirated oocytes (2# = spring, 3# = fall)
abwithin a column and experiment, means without a common superscript differed (p < 0.05)

Citation: Clinical Theriogenology 2026, 18, 13028, http://dx.doi.org/10.58292/CT.v18.13028 3


http://dx.doi.org/10.58292/CT.v18.13028

ovaries; without information on the donors of these oocytes,
conclusions about breed differences cannot be made. A differ-
ence was detected between abattoir-derived oocytes and Jersey
cow oocytes potentially because of lipid content or because
the ova were recovered from a known source and stage of a
follicular wave.

It is of great importance to identify oocytes that are morpho-
logically normal; ooplasm can appear in various patterns and
color that can be used as a marker for superior embryo devel-
opment.* Our study utilized a selection criterion of oocytes
with brown homogeneous ooplasm, a black periphery, and
compact multiple layers of cumulous cells. These morpholog-
ical patterns are considered developmentally fit and have
good developmental potential, along with high density of
organelles, high polar body extrusion rates, and intermediate
levels of ATP indicating appropriate metabolism.*

As oocytes go through maturation and embryos go through
differentiation, they undergo major changes in how their
internal structures are organized that requires a substantial
amount of energy. Oocytes are well-equipped to meet these
energy demands because they contain many mitochondria
and store energy as lipid droplets. Still, metabolic control is
very complex and involves interactions among the follicular
fluid, cumulus cells, and the oocyte itself. Energy reserves are
of course important, but lipid and energy regulation is also
critical and difficult to measure. For example, mitochondria
function and movement within the cytoplasm influences how
lipid droplets are used are for energy. All these processes rely
on a wide range of cellular and molecular mechanisms, each
having various energy demands. To support the embryo’s
potential to develop properly, these processes must be care-
fully timed and coordinated.*

One of the negative impacts of in vitro maturation is asyn-
chronous nuclear and cytoplasmic maturation.* Nuclear mat-
uration is easy to evaluate by the appearance of first polar
body under a microscope; however, degrees of cytoplasmic
and epigenetic maturation are complex and difficult to evalu-
ate. Some research groups have proposed a prematuration
step is needed to provide more time for adequate cytoplasmic
maturation.

FABP3 was chosen as the intervention in this study because
preliminary data (after matrix assisted laser desorption/ion-
ization time of flight analysis) indicated that FABP3 was abun-
dant in embryos that reached the blastocyst stage but not in
cohort embryos that arrested at the 8-16 cell stage (unpub-
lished data). Used media, 8-16 cell, and blastocyst embryos
were all taken from the same 50 pl culture environments and
the fatty acid binding protein (heart subtype 3) was present in
the culture media and to a higher degree in the embryos that
survived to the blastocyst stage versus those from the same
culture that arrested at the 8-16 cell stage of development. It
was proposed that excessive lipid accumulation in in vitro-ma-
tured oocytes is mediated by the dysregulated transport of
FABP3 through transzonal projections between cumulus and
oocytes, thus implicating the in vitro maturation process.?
That study suggested that elevated FABP3 protein concentra-
tions in cumulus cells during in vitro maturation, was associ-
ated with elevated lipid accumulation in oocytes.* Through
comparing immature oocytes with those matured for 9 and 18
hours, they were able to track dynamic changes in FABP3 pro-
tein concentrations and lipid concentrations in oocytes during
the maturation process. Additionally, disruption of transzonal

projections during the first 9 hours of maturation decreased
lipid accumulation.?

In this study, supplementation with 20 or 5 ng/ml of FABP3
significantly impaired both cleavage and blastocyst develop-
ment compared to control for oocytes collected from Jersey
cows. Although FABP3 supplementation in abattoir-derived
oocytes improved cleavage rates, it did not affect blastocyst
development. Embryo cleavage has not been a useful estima-
tor of embryo development to blastocysts.!” Perhaps the arrest
at the 8-16 cell stage is indicative of an embryo undergoing
apoptosis and though the embryo may cleave a few times,
there is limited potential for further development. Further
investigation is needed to evaluate the role of lipids in the
cleavage or blastocyst development process.

Although not an aim of the experiment, season may have an
impact on oocyte quality and developmental potential.?® In
this study, oocytes were collected from a similar group of
Jersey cows in spring (Experiment 2) and fall (Experiment 3).
Seasonal effects may have impacted the quantity and quality
of oocytes, with autumn being favourable for in vitro embryo
development.?® Although Experiments 2 and 3 were not
directly compared, blastocyst development for the control
group in Experiment 3 (autumn) was numerically higher that
the control for Experiment 2 (spring). Heat stress has a direct
effect on lipid and energy metabolism systemically in the
cow.?! Elevated temperatures also directly affected the quality
of oocytes.”? However there was not a large difference in aver-
age temperature between spring and autumn; according to the
National Weather Service, the average temperature in Amarillo,
TX where the cows were kept was 68.5°F in May and 66.7°F
in October.

Our study had several limitations that should be considered
when interpreting the results. Some oocytes were abat-
toir-driven, limiting knowledge of donor-specific variables
(e.g. age, health, reproductive status). These factors are known
to affect oocyte quality and developmental potential, although
oocytes were distributed among treatment groups randomly
to mitigate selection bias. Cleavage and blastocyst formation
were used as the primary indicators of developmental success
and alone may not be sufficient to evaluate the impact of
FABP3. These outcomes are influenced by multiple processes
that occur between oocyte maturation and blastocyst forma-
tion. Since the experimental treatments targeted oocyte matu-
ration, when the transzonal projections are present, the long
interval and multiple procedural steps between maturation
and final embryo assessment may have promoted confusing
results. Thus, in this experiment, the observed differences in
blastocyst development appear to be random and uninflu-
enced by FABP3 treatment. Future studies may involve some
sort of assessment immediately following in vitro maturation
or alteration of the cumulous cell population to perhaps bet-
ter understand the effects of FABP3 supplementation. To min-
imize variation, a single bull was used across all experiments,
acknowledging that sire variability can significantly affect
blastocyst development.?* Additionally, external factors (e.g.
light exposure, temperature fluctuations, handling time during
maturation, fertilization, culture) may adversely affect embryo
development.?* Furthermore, our study did not directly assess
lipid content in the oocyte, which is complicated, but may
have offered a more direct evaluation of lipid mobilization
and the effects of treatment on oocyte competence. Finally,
embryos were not transferred to recipients to establish preg-
nancy rates due to a lack of available recipients that limits the
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ability to assess subtle treatment effects on developmental
potential. Future studies should incorporate more direct mea-
sures of oocyte maturation and quality and lipid content of
the oocytes and maturation media to strengthen conclusions
regarding the effectiveness of maturation media modifications
and perhaps a more defined role for FAPB3. Lipidomic profil-
ing will provide deeper insight into lipid regulation mecha-
nisms in vitro and the impact of FABP3 supplementation.

In conclusion, FABP3 supplementation in maturation media
produced inconsistent effects on cleavage and blastocyst
development, with no clear benefit observed across the tested
range. In Experiment 1, using abattoir-derived oocytes, 20 pg/
ml FABP3 significantly increased cleavage rates compared to
control and 10 pg/ml groups, but blastocyst rates remained
unaffected. In contrast, Experiments 2 and 3, using oocytes
obtained via transvaginal aspiration in higher doses (5 or 20
pg/ml) were associated with reduced cleavage and blastocyst
development. Notably, 1, 5, and 10 pg/ml FABP3 had no neg-
ative effect and was comparable to controls in all experiments;
however, 20 pg/ml resulted in reduced cleavage and blasto-
cysts development in ova from Jersey cows, suggesting a some-
what toxic dose of FABP3 via an unknown mechanism leading
to at least 2 hypotheses. Either, the FABP3 at high doses
remains in the maturation media and removes lipid from the
oocyte to the extent that metabolic activity is impaired (per-
haps due to limited energy sources) or FABP3 passes through
the transzonal projections and sequesters excessive lipid
within the oocyte, thus limiting developmental potential.
Lipids are essential for oocyte maturation and early develop-
ment, but excessive accumulation can lead to oxidative stress
and metabolic dysfunction; therefore, precise regulation is
critical. Further research is needed to evaluate lipid regulation
by FABP3 (or other substances) and the role(s) that lipids
have in IVP to optimize the maturation environment and
enhance embryo viability.

Authors’ contribution and agreement

JL: methodology, investigation, validation, data curation,
writing original draft; SH: methodology, investigation, data
curation and JG: conceptualization funding, methodology,
supervision, project administration, formal analysis, review-
ing, editing.

Authors have read and approved final submission.

Conflict of interest

None to report.

References

1. Viana J: 2021 Statistics of embryo production and transfer in
domestic farm animals. Embryo Technol Newsl 2022;40:22.

2. Ferré LB, Kjelland ME, Strebech LB, et al: Review: recent advances
in bovine in vitro embryo production: reproductive biotechnol-
ogy history and methods. Animal 2020;14:991-1004. doi: 10.1017/
S$1751731119002775

3. del Collado M, da Silveira JC, Sangalli JR, et al: Fatty acid binding
protein 3 and transzonal projections are involved in lipid accu-
mulation during in vitro maturation of bovine oocytes. Sci Rep
2017;7:2645. doi: 10.1038/s41598-017-02467-9

10.

11.

12.

13.

14.

15.

16.

17.

18.

Citation: Clinical Theriogenology 2026, 18, 13028, http://dx.doi.org/10.58292/CT.v18.13028

de Andrade Melo-Sterza E Poehland R: Lipid metabolism in bovine
oocytes and early embryos under in vivo, in vitro, and stress
conditions. Int ] Mol Sci 2021;22:3421. doi: 10.3390/ijms22073421
Vasconcelos EM, Braga RE Leal GR, et al: Impact of reducing lipid
content during in vitro embryo production: a systematic review
and meta-analysis. Theriogenology 2024;222:31-44. doi:
10.1016/j.theriogenology.2024.04.003

Yang X, Dunning KR, Wu LLY, et al: Identification of Perilipin-2 as
a lipid droplet protein regulated in oocytes during maturation.
Reprod Fertil Dev 2010;22:1262-1271. doi: 10.1071/RD10091

Del Collado M, Saraiva NZ, Lopes FL, et al: Influence of bovine
serum albumin and fetal bovine serum supplementation during
in vitro maturation on lipid and mitochondrial behaviour in
oocytes and lipid accumulation in bovine embryos. Reprod Fertil
Dev 2016;28:1721. doi: 10.1071/RD15067

Smathers RL, Petersen DR: The human fatty acid-binding protein
family: evolutionary divergences and functions. Hum Genomics
2011;5:170. doi: 10.1186/1479-7364-5-3-170

Faria OAC, Kawamoto TS, Dias LRO, et al: Maturation system
affects lipid accumulation in bovine oocytes. Reprod Fertil Dev
2021;33:372. doi: 10.1071/RD20254

Abe H, Yamashita S, Satoh T, et al: Accumulation of cytoplasmic
lipid droplets in bovine embryos and cryotolerance of embryos
developed in different culture systems using serum-free or
serum-containing media. Mol Reprod Dev 2002;61:57-66. doi:
10.1002/mrd.1131

Rizos D, Gutiérrez-Adan A, Pérez-Garnelo S, et al: Bovine embryo cul-
ture in the presence or absence of serum: implications for blastocyst
development, cryotolerance, and messenger RNA expressionl. Biol
Reprod 2003;68:236-243. doi: 10.1095/biolreprod.102.007799

Yang X, Wu LL, Chura LR, et al: Exposure to lipid-rich follicular
fluid is associated with endoplasmic reticulum stress and impaired
oocyte maturation in cumulus-oocyte complexes. Fertil Steril
2012;97:1438-1443. doi: 10.1016/j.fertnstert.2012.02.034

Arias ME, Vargas T, Gallardo V, et al: Simple and efficient chemi-
cally defined in vitro maturation and embryo culture system for
bovine embryos. Animals (Basel) 2022;12:3057. doi: 10.3390/
anil2213057

Bradley J, Swann K: Mitochondria and lipid metabolism in mam-
malian oocytes and early embryos. Int ] Dev Biol 2019;63:93-103.
doi: 10.1387/ijdb.180355ks

Ferguson EM, Leese HJ: A potential role for triglyceride as an
energy source during bovine oocyte maturation and early embryo
development. Mol Reprod Dev 2006;73:1195-1201. doi: 10.1002/
mrd.20494

Visintin JA, Martins JFP, Bevilacqua EM, et al: Cryopreservation of
bos taurus vs bos indicus embryos: are they really different?
Theriogenology 2002;57:345-359. doi: 10.1016/S0093-691X(01)
00675-6

Frers L, Hepburn J, Mandriaza Munoz J, et al: Vitrification of
bovine in vitro-produced and in vivo embryos. Reprod Fertil Dev
2009;21:131-132. doi: 10.1071/RDv21n1Ab63

Weathers JD, Prien SD: Estimation of weight and lipid composi-
tion in preimplantation embryos from Jersey and beef breeds
of cattle. Open J Vet Med 2014;4:261-266. doi: 10.4236/0jvm.
2014.411031


http://dx.doi.org/10.58292/CT.v18.13028
https://doi.org/10.1017/S1751731119002775
https://doi.org/10.1017/S1751731119002775
https://doi.org/10.1038/s41598-017-02467-9
https://doi.org/10.3390/ijms22073421
https://doi.org/10.1016/j.theriogenology.2024.04.003
https://doi.org/10.1071/RD10091
https://doi.org/10.1071/RD15067
https://doi.org/10.1186/1479-7364-5-3-170
https://doi.org/10.1071/RD20254
https://doi.org/10.1002/mrd.1131
https://doi.org/10.1095/biolreprod.102.007799
https://doi.org/10.1016/j.fertnstert.2012.02.034
https://doi.org/10.3390/ani12213057
https://doi.org/10.3390/ani12213057
https://doi.org/10.1387/ijdb.180355ks
https://doi.org/10.1002/mrd.20494
https://doi.org/10.1002/mrd.20494
https://doi.org/10.1016/S0093-691X(01)00675-6
https://doi.org/10.1016/S0093-691X(01)00675-6
https://doi.org/10.1071/RDv21n1Ab63
https://doi.org/10.4236/ojvm.2014.411031
https://doi.org/10.4236/ojvm.2014.411031

19.

20.

21.

Looman J, Rodriguez Z, Waugh L, et al: Effects of bovine ova den-
sity and culture supplements on cleavage and blastocyst develop-
ment rates of in vitro embryos. Clinical Theriogenology 2024;16:
9801 doi: 10.58292/ct.v16.9801

Chrenek P, Kubovi¢ova E, Olexikovi L, et al: Effect of body condition
and season on yield and quality of in vitro produced bovine
embryos. Zygote2015;23:893-899.doi: 10.1017/S0967199414000604
Min L, Zhao S, Tian H, et al: Metabolic responses and “omics” tech-
nologies for elucidating the effects of heat stress in dairy cows. Int
J Biometeorol 2017;61:1149-1158. doi: 10.1007/s00484-016-1283-z

22.

23.

24.

Migtkiewska K, Kordowitzki P, Pareek CS: Effects of heat stress on
bovine oocytes and early embryonic development - an update.
Cells 2022;11:4073. doi: 10.3390/cells11244073

Lockhart KN, Drum JN, Balboula AZ, et al: Sire modulates devel-
opmental kinetics and transcriptome of the bovine embryo.
Reproduction 2023;166:337-348. doi: 10.1530/REP-23-0030
Looman J, Gibbons J: In vitro embryo production and develop-
ment in livestock and human: a one health model for human
assisted reproductive technology. WITM] 2025;2:1-28. Available
from: westtexasjom.org/index.php/wtjm/article/view/54

Citation: Clinical Theriogenology 2026, 18, 13028, http://dx.doi.org/10.58292/CT.v18.13028


http://dx.doi.org/10.58292/CT.v18.13028
https://doi.org/10.58292/ct.v16.9801
https://doi.org/10.1017/S0967199414000604
https://doi.org/10.1007/s00484-016-1283-z
https://doi.org/10.3390/cells11244073
https://doi.org/10.1530/REP-23-0030
http://westtexasjom.org/index.php/wtjm/article/view/54

