Accepted Manuscript =
THERIOGENOLOGY

Supplementation of L-carnitine during in vitro maturation improves embryo
development from less competent bovine oocytes

Drahomira Knitlova, Pavlina Hulinska, Michal Jeseta, Katerina Hanzalova, Bartosz
Kempisty, Marie Machatkova

PIl: S0093-691X(17)30300-X
DOI: 10.1016/j.theriogenology.2017.06.025
Reference: THE 14163

To appearin:  Theriogenology

Received Date: 9 February 2017
Revised Date: 12 June 2017
Accepted Date: 28 June 2017

Please cite this article as: Knitlova D, Hulinska P, Jeseta M, Hanzalova K, Kempisty B, Machatkova
M, Supplementation of L-carnitine during in vitro maturation improves embryo development from less
competent bovine oocytes, Theriogenology (2017), doi: 10.1016/j.theriogenology.2017.06.025.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to

our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.theriogenology.2017.06.025

~N O o b~ Wi

© 00

10
11

12
13
14

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

revised highlighted

Supplementation of L-carnitine during in vitro maturation improves embryo
development from less competent bovine oocytes

Drahomira Knitlovd, Pavlina Hulinskd Michal Jesefa Katerina HanzaloVaBartosz
Kempisty and Marie Machatkoda

& Department of Genetics and Reproduction, Veterinary Research Institute, Brno,
Czech Republic;

® Department of Histology and Embryology, Department of Anatomy, Poznan University of
Medical Science, Poznan, Poland

"Corresponding author: Marie Machatkova, Dr. PhIzpartment of Genetics and
Reproduction, Veterinary Research Institute, Hudco®, 621 00 Brno, Czech Republic,
Phone: +420 533 331 418, Fax: +420 541 211 229akaddress: machatkova@vri.cz

ABSTRACT

The present study was designed -te—characterizenaddhie impact of L-carnitine,
supplemented during maturation, on bovine oocytéh different meiotic competence in
terms of their IVF outcomes. Meiotically more cortgzg (MMC) and less competent (MLC)
oocytes were obtained separately from differeniBed follicles at selected phases of
folliculogenesis. The oocytes were matured withmithout L-carnitine,~were fertilized and
cultured to the blastocyst stage. The oocytes wexamined for nuclear maturation,
mitochondrial cluster formatlon lipid consumptldiertlllzatlon and embryo development

d - ound

, , A A - The proportlon of
oocytes at metaphase Il was S|gn|f|cantly highethim L- carnltlne treated MMC than that in
the L-carnitine-treated MLC oocytes. However in gamson with the untreated controls, the
proportion of MIl oocytes with mitochondrial clussewas significantly higher only in the L-
carnitine-treated MLC oocytes, which also showesigaificantly lower mean lipid content.
The L-carnitine-treated MLC oocytes showed sigatfity higher fertilization and syngamy
rates than the untreated MLC oocytes. On the dithed, in the L-carnitine-treated MMC
oocytes, the fertilization rate was similar to tle&tthe untreated controls and the syngamy
rate was significantly delayed. Although no sigrafit differences in cleavage on Day 2 were
found among all oocyte categories, L-carnitine ttremnt resulted in a significantly higher
blastocyst yield in the MLC oocytes on Day 7 ang/Band a significantly higher proportion
of expanded blastocysts in relation to the totahber of blastocysts in MMC oocytes on
Day 8. It can be concluded that L-carnitine sup@etation during maturation improves the
development of bovine embryos from meiotically lessnpetent oocytes and accelerates
blastocyst formation from more competent oocytes.
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1. Introduction

#ertu&anen—and—embpye—pmdeenen—m—mammals F«a‘fectlve fertlllzatlon and embryo

production in mammals, both the nuclear maturaisnwell as cytoplasmic maturation of
oocytes are important. The activation of pathwagsolved in protein synthesis and
phosphorylation is indispensable for oocyte cytspie maturation and subsequent embryo
development [1]. It is generally known that defr@ees in cytoplasmic maturation are
responsible for reducing the development of embifyas prepubertal oocytes. Differences
in the number and distribution of cytoplasmic orgjees between prepubertal and adult
oocytes matured unden vitro conditions have been reported. Prepubertal calf lantb
oocytes have mitochondria of lower volume dendgyyer in number and smaller in size,
compared with their adult counterparts [2,3].

In adult cyclic cows, the developmental potendiabocytes is changing in accordance
with follicular waves emerging during the ovariaycle. In each wave, the developmental
competence of oocytes rises with an increasing GiZellicles, stagnates due to dominant
follicle (DF) selection and subsequenly decreasasnd DF growth. This influences the
developmental competence of other oocytes fromrslutate follicles [46]. Bovine oocytes
undergo changes in the number and distribution ysbptasmic organelles in a manner
specific for each phase of follicular developmé#fthile in the growth phase, oocytes show
little contact of mitochondria with lipid droplet®oth sparsely distributed in the oocyte
periphery, in the static phase they exhibit anaased number of mitochondria associated
with lipid droplets, also in the periphery. In tihegression phase, mitochondria in tight
contact W|th lipid droplets are evenly dlstrlbuiadhe whole oocyte [7]

Mltochondrla and |IpIdS are crucial to energy prcmhm and supplementatlon of energy
resources of oocyte. The ability of mitochondriab@lance ATP supply is considered the
most critical factor in relation to oocyte fertéizon and embryo development [8,9].

In vitro matured bovine oocytes differ in mitochondrialtpats and ATP production [10].
More competent oocytes from medium follicles adgvamitochondria twice during
maturation, before meiosis resumption and befomapdetion of maturation, while less
competent oocytes do it only once, before comptediomaturation [11].

Lipid metabolism regulators added to culture mezha influence the expresion of
lipid metabolism-regulating genes and thus can awprthe developmental competence and
quality of embryos [12,13]. L-carnitine is intrigsily involved in mitochondrial function and
lipid metabolism via the transport of fatty acidsnhitochondria and its involvement in fatty
acid p-oxidation. It also participates in the regulatioh vital cellular functions such as
apoptosis. Although positive effects of L-carnitioe oocytes and embryos have been
described in cattle [14,15], sheep [16], pigs [8F,&nd mice [1921], no information is
available about L-carnitine impact on bovine oosytaith different meiotic and

developmental competences—'Fhe—arm—ef—ﬂ%—studWmmsﬂga%e—uﬂh%anmq—ef—L-

eempetenee It is generally known that oocytesvem:d from Iarger folllcles hav e a greater
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capability to complete nuclear and cytoplasmic maton, undergo successful fertilization
and develop to the blastocyst stage than have eéyim smaller follicles.

Therefore, the aim of this study was to investighteeffect of L-carnitine, supplemented
during maturation, on subpopulations of bovine desydiffering in their meiotic and
developmental competence. We hypothesized thategpmnse of more competent oocytes to
L-carnitine is different from that of less compeétencytes; b) less competent oocytes utilize
L-carnitine more effectively than do more competemtytes; c) L-carnitine supplementation
during maturation improves embryo development thiedm less competent oocytes.

2. Materials and methods

All the chemicals used in this study were purchaseoh Sigma-Aldrich Chemical Co.
(Prague, Czech Republic) unless otherwise stated.

2.1. Oocyte collection

Slaughtered Holstein dairy cows (n = 181), age® 4 tyears, with a checked ovarian
cycle stage, served as donors. Ovaries in the brastagnation and regression phases, after
dominant phase elimination, defined by follicle ptation and corpus luteum morphology,
were used for oocyte recovery. Meiotically more petent (MMC) oocytes were collected
by—aspiration from medium follicles (6 to 10 mm) agpiration and meiotically less
competent (MLC) oocytes were subsequently colleéteoch small follicles (2 to 5 mm) by
slicing of the ovarian cortex. Only healthy cumubgcyte complexes with the homogenous
ooplasm, surrounded by compact multiple layersumhwalus cells, were selected from each
oocyte category and used in experiments.

2.2. Oocyte maturation

In each category, one half of the oocytes was radtur 500 pL of TCM-199 medium
(M4530; Earle's salts), with 20 mM sodium pyruvats) IU/mL penicillin, 50ug/mL
streptomycin, 5% oestrus cow serum (ECS; Sevaphafnague, Czech Republic) and
gonadotropins (P.G. 600 15 IU/mL; Intervet, Boxmedéolland) supplemented with 2.5 mM
L-carnitine (C0283). The concentration of 2.5 mMcamitine was selected as being most
effective for maturation of bovine oocytes on tlasib of our unpublished results. The other
half oocytes was matured in the same medium, bthowt L-carnitine, and served as a
control. Maturation took place in four-well plat@dunclon Intermed, Roskilde, Denmark)
under a humidified atmosphere of 5% £ air at 38.8 °C for 24 h. Aliquot parts-Adeguate
aumbers of L-carnitine-treated and untreated mdtocytes, in which the first polar body
had been extruded, were examined. Before their gvedion, the oocytes were denuded from
cumulus cells by vortexing in TCM-199 medium coniag 0.1% (w/v) hyaluronidase.

2.3. Maturation assessment

For ehremation chromatin and mitochondria evalugtibe oocytes were first stained in
PBS supplemented with 0.4% BSA and 200 nM MitoTesclOrange CMTMRos dye
(Molecular Probes, Eugene, OR, USA) for 30 min&B83C. Subsequently-they the oocytes
were washed in PBS, fixed in 3.7% paraformaldehigde50 min at room temperature and
washed again. Avoiding compression, the oocyte® wesunted on slides using Vectashield
medium (Vector Lab, Burlingame, CA, USA) containingM of DNA dye (SYTOX Green,;
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Invitrogen; Carlsbad, CA, USA). They were examineidh a laser scanning confocal

microscope (Leica TCS SP2 AOBS; Leica, Heidelb&gymany) equipped with Ar and

DPSS lasers. The 40 x HCX PL APO CS objective, @mhoffsets, gain and AOBS were

adjusted. The 488 nm excitation band and a 490 %onBn detector and the 561 nm excitation
band and a 565 to 600 nm detector were used fandtin and mitochondria detection,

respectively. The oocytes were scanned in equatgpiscal sections and processed by NIS-
ELEMENTS AR 3.0 software (Laboratory Imaging, PragGzech Republic).

The oocytes at metaphase Il (MIl) and those wittochondrial clusters (Fig. 1) were
considered to have completed nuclear and cytoptasnaturation, respectively [11]. The
proportion of oooytes with completed maturation vwagpressed as a proportion of Ml
oocytes with mitochondrial clusters in relatiorthe total number of MIl oocytes.

2.4. Lipid assessment

The matured oocytes were fixed in 3.7% parafornigide solution for 60 min at room
temperature, washed in PBS and permeabilized Wihrditon X-100 for 1 h. To stain lipid
droplets, the oocytes were incubated in PBS supgiézd with 0.4% BSA and 1 uM Nile red
dye (Invitrogen, Molecular Probes, Oregon, USA)I0rmin at room temperature. They were
washed three times in PBS and mounted on slidesidiag oocyte compression, using
Vectashield medium (Vector Laboratories., Burlingar@A, USA) with 1 uM of DNA dye
TO-PRO-3 (Invitrogen, Molecular Probes, Oregon, YS# visualize chromatin
configuration. They were examined with a confocaktroscope adjusted to the same
parameters as described above. The 488 nm exnitadiod and a 540 to 600 nm detector and
the 638 nm excitation band and a 640 to 710 nmctetevere used for lipid droplets and
chromatin detection, respectively. The intensityflabrescence was recorded in equatorial
sections of each oocyte and processed by NIS-ELEMEMR 3.0 software. The lipid
content per oocyte was expressed as a mean inpte@sBEM) of total lipid droplet
fluorescence (Fig. 2).

2.5. Oocyte fertilization

The L-carnitine-treated and untreated oocytes cheztegory were inseminated with
spermatozoa isolated from the same batch of frézawed semen of -a-standard bull tested in
IVF system. Motile spermatozoa were isolated by sim-up method. Briefly, semen
(25uL) was placed under a layer of SP-TALP medium (@ @0 in each of eight tubes and
incubated in an atmosphere with 5% Ca& 38.8°C for 1 h. The upper fraction from each
tube (850uL) was collected and centrifuged twice (200 x g,niift). The pellet was
resuspended in modified Tyrode’s medium (IVF-TALPgrtilization was carried out in IVF-
TALP medium containing 1 x fOnL spermatozoa and 1@/mL heparin at a
spermatozoa/oocyte ratio of 10.000:1. The oocyter®ewo-cultured with the spermatozoa for
19 h at 38.8 °C in a humidified atmosphere of 5% @Qair. Adeguate-numbers Aliquot parts
of L-carnitine treated and untreated oocytes irheategory were examined to determine the
efficiency of fertilization.

2.6. Fertilization assessment

The inseminated oocytes were fixed overnight i®2agueous glutaraldehyde solution at
4 C and stained with bisbenzimide Hoechst 33258véseHeidelberg, Germapyn citrate
buffer for 10 min at room temperature. After thegrevrinsed in PBS-Dulbecco, wet mounts
were prepared in pL glycerin buffer and subsequently examined bylaprescence at 400 x
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magnification. Oocytes with two polar bodies, eitbeae male and one female pronucleus or
at the syngamy stage were considered to be norrfetijized (Fig. 3). Oocytes with two
polar bodies - that is, defined by both a male arildmale pronucleus or their fusion - were
considered to be normally fertilized (Fig. 3). Hezdtion efficiency was determined by the
proportion of fertilized to inseminated oocytes wsll as the proportion of oocytes at
syngamy to fertilized oocytes. Oocytes with twogsdiodies - that is, defined by both a male
and a female pronucleus or their fusion - were ic@med to be normally fertilized (Fig. 3).
Fertilization efficiency was determined by the pydn of fertilized to inseminated oocytes
as well as the proportion of oocytes at synganfettiilized oocytes.

2.7. Embryo edltivatien culture and devel opment assessment

The remaining presumptive zygotes were transfetoed Buffalo rat liver cell line
monolayer (BRL cell line, ATCC, Rockville, MD, USA9nd cultured in Menezo B2 medium
with 10% ECS. The cultures were maintained in aildifrad atmosphere of 5% CQOn air at
38.8 °C. Embryo development efficiency was recoraed Day 2 (D2), Day 7 (D7) and
Day 8 (D8) after oocyte fertilization (Day O = dal/IVF). It was expressed as proportions of
D2 cleaved oocytes, D7 early blastocysts and Dstttgsts developed from the inseminated
oocytes. The proportion of D8 expanded blastocystselation to the total number of
blastocysts was also assessed. Aliquot of thedugsts that developed from MLC oocytes
was used for blastocyst differentiation assessment.

2.8. Blastocyst assessment

The immunohistochemistry cal method based on thectlen of specific markers and
described by Wydooghe et al. [22] was modified foyphectoderm (TE) cell staining.
Briefly, blastocysts were fixed for 60 min in 3. f%&raformaldehyde at room temperature and
stored in PBS containing 0.4% bovine serum albuiBS-BSA) at 4 C. They were
incubated overnight in 0.5% Triton X-100 and 0.05%een 20 in PBS at 4 C. Subsequently,
the blastocysts were washed three-times for 2 miRBS-BSA and incubated overnight in
blocking solution containing 10% goat serum and%0r'ween 20 in PBS at 4 C. They were
washed and incubated overnight with ready-to-uses@anonoclonal anti-CDX2 primary
antibody (BioGenex; Fremont, USA) at 4 C. After hag, the blastocyts were incubated
with secondary goat anti-mouse IgG antibody (1:160hjugated with Alexa Fluor 488
(Jackson ImmunoResearch, Inc; West Grove, PA, UBA)60 min at room temperature.
Subsequently they were washed and mounted onteesslid Vectashield mounting
medium (Vector Laboratories, Burlingame, CA, USAjhaL uM of the DNA dye TO-PRO-
3 (Invitrogen, Molecular Probes) to visualize TElanner cell mass (ICM) nuclei. The total
cell number (TCN) and the number of TE cells wevaleated using confocal microscopy
(Fig. 4). The 488 nm excitation band and a 51060 mm detector and the 633 nm excitation
band and a 650 to 690 nm detector were used faahNzsition of TE cells and all blastocyst
nuclei, respectively. Micrographs were evaluatada@dllS-Elements AR 3.00 software.

2.9. Satistical analysis

At least -three four replicas were carried out fache oocyte category and each
assessment—All Data for maturation, fertilizatnd embryo development, and blastocyst
differentiation were analyzed by one-way ANOVA SR&8sion 11.5 for Windows (SPSS,
INC. IL, USA). The significance of differences angotihe values was evaluated by the Chi-
square test. Data for lipid content were subjetdeshe-way ANOVA, and the significance of
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differences among means was evaluated by Fisleass significant difference test (StatSoft,
Inc. 2011, STATISTICA, version 10). Differences Rk 0.05 were considered statistically
significant.

3. Results

The impact of L-carnitine on meiotically more arsd competent bovine oocytes was
characterized in terms of the efficieney-and-kigetdf maturation, fertilization and embryo
development. The kinetics of fertilization and tbaembryo development were also assessed
on the basis of syngamy onset and blastocyst fasmatespectively.

3.1. Effect of L-carnitine on oocyte maturation

The maturation efficiency of oocytes with differemteiotic competence matured in the
presence or absence of L-carnitine is shown inéabiThe yield of MIl oocytes from the
treated MMC oocytes-did-not-differ was significgntigher (P < 0.05)-between than that
from the treated-and MLC oocytes, however, this wasdue toregardless of L-carnitine
treatment. The proportion of MIl oocytes with mib@ndrial clusters was significantly higher
(P < 0.05) in the L-carnitine-treated MLC oocythart in those that were untreated. No such
difference was observed in the case of the MMC tescy

Lipid content in the MLC oocytes matured with atheut L- carnitine is presented in
Figure1 5. The mean (x SEM) lipid content was igantly lower (P < 0.05) in the MLC
oocytes matured with L-carnitine than in those medwithout it.

3.2. Effect of L-carnitine on oocyte fertilization

The efficiency of fertilization and pronuclear samgy in MMC and MLC oocytes
matured in the presence or absence of L-carnitieeslaown in Table 2. Significantly higher
(P < 0.05) proportions of fertilized oocytes andyies at the syngamy stage were found in
the MLC oocytes matured with L-carnitine than imgh matured without it. In the MMC
category, no significant difference in the propamtiof fertilized oocytes was observed, but a
significantly lower proportion of oocytes at syngamas found in the L-carnitine-treated
oocytes than in those that were untreated.

3.3. Effect of L-carnitine on embryo devel opment

No significant differences in the cleavage rateDmy 2 were found between the MMC
and MLC categories, regardless of L-carnitine trestt. In the MLC category, the proportion
of Day 7 early blastocysts developed from oocytasuned with L-carnitine was significantly
higher (P < 0.05) than the proportion of those tged from the oocytes matured without it
(Table 3). Similarly, a significantly higher (P <08) proportion of Day 8 blastocysts
developed from the MLC oocytes matured with L-cianei than from those matured without
it (Table 4). In the MMC category, no significantfeérences in proportions of Day 7 early
blastocysts and Day 8 blastocysts were found betilee L-carnitine-treated and those that
were untreated. However, the proportion of Day Baexed blastocysts-from in relation to the
total number of blastocysts-MMC-eecytes was sigaifily higher (P < 0.05) in the treated
than in the untreated oocytes.

3.4. Effect of L-carnitine on blastocyst differentiation
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Differentiation assessment carried out on the ML@ytes showed no significant
differences in the total number of cells, TE andiCells per blastocyst, or ICM/TE and
ICM/TCN ratios between the D 8 blastocysts derifrech treated oocytes and those obtained
from untreated oocytes (Table 5).

4. Discussion

The developmental competence of mammalian oocyté®mbryos is closely associated
with their metabolic activity [23]. Apart from cashydrates, lipids are important energy
sources for oocyte maturation and embryonic devetyp. ATP production from lipids
processed by mitochondria involves L-carnitine. pesence significantly increass
oxidation and ATP production essential for oocytatumation and fertilization, and for
embryo development [24,25]. In addition to its rolanetabolism, L-carnitine participates in
reducing the ROS level in both oocytes and emb[2627]. A significantly lower level of
intracellular HO, has been detected in MIl oocytes matured in tleegce of L-carnitine in
comparison with controls [18]. Up to now the infhee of L-carnitine on bovine [15,28,29],
porcine [18] and mouse [20] oocytes and embryosuid undern vitro conditions has been
investigated with promising results.

It has been generally accepted that bovine oocyteergo maturation changes as
follicles grow, stagnate and regress but, only mdge specific changes in the number and
distribution of mitochondria, lipid droplets andetsmooth endoplasmic reticulum have been
reported [7]. In this study, the effect of L-camé on bovine oocytes with different meiotic
and developmental competence collected from difttyesized follicles in the growth,
stagnation and regression phases is presentédaefdirst time. To confirm our hypothesis that
the effect of L-carnitine could differ in oocytesithv different meiotic competence, we
collected more and less competent oocytes and eththem in the presence or absence of L-
carnitine, fertilized them with spermatozoa of prdvbull and cultured them into the
blastocyst stage. During these experiments we sedethe efficiency of each step, i.e
maturation, fertilization and embryonic developmeates.

No significant effect of L-carnitine treatment onatear maturation of bovine oocytes, as
compared with untreated oocytes, has been repbyt€hankitisakul et al. [28]. On the other
hand, L-carnitine significantly improved nucleartoration of porcine oocytes in relation to
the dose used [18]. In L-carnitine-treated MIl poec oocytes, active mitochondria were
found in high densities in both the peripheral #mel central area; in the untreated oocytes,
mitochondria were distributed mainly in the peri@iecytoplasm [18]. Mitochondrial and
lipid droplet volume did not change significantty [i-carnitine-treated lamb oocytes but the
cytoplasm increased in volume compared with theeatéd oocytes [16]. In mice, L-carnitine
accelerated nuclear and cytoplasmic maturationiapdoved normal spindle configuration
and mitochondrial distribution in MIl oocytes [2Q]2

In this study, the effect of L-carnitine on matimatof bovine oocytes was assessed on
the basis of the frequency of MII oocytes with mitondrial clusters, because a relationship
between mitochondrial cluster formation and ATPteah has been found in our previous
study [10]. A correlation between large mitochoataluster formation and ATP content has
also been described in mouse oocytes [30].

In our study, nuclear maturation tended to be ecdduin the presence of L-carnitine in
both MMC and MLC oocytes; however, the differenced/ll oocyte frequency between L-
carnitine-treated and untreated oocytes withingmatie were not significant. Regarding the
frequency of MIl oocytes with mitochondrial clusgetthis was improved after L-carnitine
treatment in both MMC and MLC oocytes, in MLC oceythe improvement was statistically
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significant. Abundant mitochondrial activity andpitl utilization are associated with
cytoplasmic maturation of oocytes. In our experitaga significantly lower lipid content was
detected in MLC oocytes after their maturation witircarnitine. A significantly reduced
density of lipids in porcine oocytes matured witlcdrnitine, as compared with those matured
without it, has been described by Somfai et al].[IT&he authors have observed that L-
carnitine-treated oocytes have lipid droplets thated near the central area and under the
oolemma while untreated oocytes showed most ofipiak droplets located in the peripheral
area. Bovine oocytes matured with L-carnitine aledistributed lipid droplets from the
peripheral area to the inner cytoplasm and incoetisgir ATP content [28].

There is very little information on the influencé lb-carnitine on the maturation of
bovine and porcine oocytes in relation to their I9tcomes. It has been reported that L-
carnitine significantly increases intracellular tgitinione level [21] and stimulates formation
of male pronuclei in fertilized oocytes [31,32]. Nmnificant differences in penetration and
pronuclear syngamy in association with L-carnitireatment have been observed in porcine
oocytes. Monospermic fertilization rates did noffeti significantly between L-carnitine-
treated and untreated oocytes. On the other haedproportion of zygotes with two polar
bodies was significantly higher in L-carnitine-tieé oocytes than in untreated control
oocytes [18].

In our experiments with bovine oocytes, in the MM&tegory, the normal fertilization
rate of L-carnitine-treated oocytes was similathat of untreated oocytes but, in the MLC
category, it was significantly higher in treatedrhn untreated oocytes. It was unexpected to
find that L-carnitine had a different effect on tkieetics of pronuclear fusion, slowed down
syngamy onset in MMC oocytes, but did not affeaigamy formation in MLC oocytes. It
can be speculated that fertilized MMC oocytes &ve,a certain period, occupied with the
expression of genes and synthesis of proteins ewed by a faster embryo development at
the blastocyst stage. This assumption is suppditedifferences in the levels of mRNA
transcripts found between bovine embryos derivedhfmore competent oocytes and those
developed from less competent oocytes in our eatiuely [33].

From the majority of studies mentioned here, iteiddent that supplementation of
medium with L-carnitine during maturation or culition improves the development of early
embryos into the blastocyst stage and positivellyémces blastocyst quality. However, the
results are not so clear-cut. Apparently, theresarae differences in the effect of L-carnitine
on oocytes and embryos in different animal spe@amificantly higher blastocyst rates were
achieved in sheep [3,34] and mouse [21] oocytesimaaiwith L-carnitine in comparison with
conltrols. In bovine [12,15] and porcine [18,35] lmyos cultured with L-carnitine, no
improvement in development was observed althougioamondrial density was increased,
cytoplasmic lipid content was reduced and expressiosome lipid regulating genes was
altered. An increase in the expression of lipidabetism-related genes and ATP content in
bovine embryos developed with L-carnitine has &leen described by Takahashi et al. [29].
In these embryos, the gene expression remainecheathaintil the blastocyst stage, but the
ATP content was significantly increased only ughe 2-cell stage. The authors suggest that
the metabolism-activating effect of L-carnitine ceases during embryo cultivation.

The cultivation of bovine embryos into blastocyststhe presence of L-carnitine
significantly increases the total number of celtsl dhe number of TE cells per blastocyst
[12,29]. In our experiments, the total number ofiscand the number of TE cells per
blastocyst also increased, but not significantlynifar results in bovine embryos derived
from oocytes matured with L-carnitine have beeroregal by Chankitisakul et al. [28] and
Phongnimitr et al. [15].

The present study shows that the impact of L-cameniton bovine oocytes during
maturation differs in relation to meiotic and demhental competences of oocytes. While
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the meiotically less competent oocytes utilize kndine to promote their cytoplasmic
maturation and improve embryo development, the tivailly more competent oocytes use L-
carnitine to accelerate blastocyst formation arghesion.

In conclusion, this study confirmed a positive uighce of L-carnitine on the maturation
and development of mammalian oocytes and embrygogeported previously. A new finding
of this study is that, in bovine oocytes and embyybe effect of L-carnitine is specific and
depends on oocyte meiotic and developmental competéur results may contribute to a
better understanding of cytoplasmic maturation simmalian oocytes and the development
of more effective systems fam vitro embryo production in cattle.
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Table 1
Effect of L-carnitine on bovine oocyte maturation.

Oocyte category VM MIl stage / matured Mitochondrial clusters / MIl stage
n % n %
MMC L-carnitine 57/59 96.6° 51/57 89.5%
Control 56/63 88.9% 43/56 76.8%
MLC L-carnitine 85/103 825 58/85 68.2°
Control 79/105 75.2° 41/79 51.8°

Values with different superscripts are significantly different (Chi-square test; P < 0.05). Replica: n = 5.

Abbreviations: MMC = meiotically more competent oocytes derived from medium follicles (6—10 mm); MLC = meiotically less competent oocytes derived from
small follicles (< 5 mm).
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Table 2
Effect of L-carnitine on bovine oocyte fertilization.

Oocyte category VM Fertilized / Inseminated Syngamy stage / Fertilized
n % n %
MMC L-carnitine 198/214 92.5% 72/198 36.4%
Control 191/222 86.0%° 101/191 52.9"
MLC L-carnitine 393/432 91.0: 216/393 55.0:b
Control 379/441 85.9 1771379 46.7

Values with different superscripts are significantly different (Chi-square test; P < 0.05). Replica: n = 5.
Abbreviations: MMC = meiotically more competent oocytes derived from medium follicles (6—10 mm); MLC = meiotically less competent oocytes derived from

small follicles (< 5 mm).
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Table 3
Effect of L-carnitine on bovine embryo development.

Cleaved on D2 / Inseminated Early blastocysts on D7/ Inseminated
Oocyte category IVM
n % n %
MMC L-carnitine 90/97 92.8% 49/97 50.5%
Control 58/68 85.3° 32/68 47.1°
MLC L-carnitine 262/303 86.5° 96/303 31.7°
Control 226/264 85.6° 61/264 23.1°
Values with different superscripts are significantly different (Chi-square test; P < 0.05). Replica: n = 4.

Abbreviations: MMC = meiotically more competent oocytes derived from medium follicles (6—10 mm); MLC = meiotically less competent oocytes derived from
small follicles (< 5 mm); D2 = 48h after oocyte insemination; D7 = 168h after oocyte insemination.
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Table 4
Effect of L-carnitine on bovine blastocyst formation.

Total blastocysts on D8/ Inseminated Expanded/Total blastocysts
Oocyte category IVM
n % n %
L-carnitine 44/97 45.4° 32/44 72.7%
MMC ab b
Control 27168 39.7 16/27 59.3
MLC L-carnitine 101/303 33.3° 64/101 63.4%°
Control 68/264 25.8° 47/68 69.1%

Values with different superscripts are significantly different (Chi-square test; P < 0.05). Replica: n = 4.
Abbreviations: MMC = meiotically more competent oocytes derived from medium follicles (6—10 mm); MLC = meiotically less competent oocytes derived from
small follicles (< 5 mm); D8 = 192h after oocyte insemination.
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Table 5
Effect of L-carnitine on bovine blastocyst differentiation.

Cell number per blastocyst (mean + SEM Ratio (mean + SEM
Oocyte category VM Blastocysts i yst( ) ( )
examined (n) Total (n) TE (n) ICM (n) ICMITE ICM /TCN (%)
MLC L-carnitine 44 135.7+26.6% 94.2+18.7° 415+105° 0.44+0.4 30.6 +4.8
Control 47 129.0+24.3% 89.2+154%  39.8+9.6° 0.45+0.3 31.0+33

Values are not significantly different (Chi-square test; P > 0.05). Replica: n = 4.
MLC = meiotically less competent oocytes derived from small follicles (< 5 mm); TCN = total cell number per blastocyst.
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Fig. 5. Lipid content in MLC bovine oocytes after matuoatiwith and without L-carnitine.
Different letters indicate signifficant differenc@&sher's test; P < 0.05). Replica =5. MLC =
meiotically less competent oocytes derived fromlsfabicles (< 5 mm).
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Fig. 1. Representative image of bovine oocyte with mitoch@l clusters after 24 h-
maturation. Mitochondria were stained with MitoTkac Orange CMTMRos and oocytes
were examined by confocal microscopy. Scale bad gr8.
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Fig. 2. Representative image of bovine oocyte with lipidpdets after 24 h-maturation. Lipid
droplets were stained with Nile red and oocytesevexamined by confocal microscopy.
Scale bar = 30 pum.
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Fig. 3. Representative image of bovine oocyte with matéfamale pronuclei at the syngamy
stage (arrow) at 19 h after insemination. Two edéxl polar bodies are also visible.
Chromatin was stained with Hoechst-33258 and oscytere examined by fluorescent
microscopy. Scale bar = 30 pm.
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Fig. 4. Representative image of bovine expanded blast@tySay 8. Nuclei were visualized
by differential staining of ICM (blue colour; TO-RR3) and TE (pink colour; anti CDX2
protein-IgG antibody conjugated with Alexa Fluor848nd blastocysts were examined by
confocal microscopy. Scale bar = 50 pum.
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Table 1. Effect of L-carnitine on bovine oocyte maturation

Table 2. Effect of L-carnitine on bovine oocyte fertilizati

Table 3. Effect of L-carnitine on bovine embryo development

Table 4. Effect of L-carnitine on bovine blastocyst fornati

Table 5. Effect of L-carnitine on bovine blastocyst diffat@ation

Figure 1. Representative image of bovine oocyte with mitoxhial clusters after

24 h-maturation

Figure 2. Representative image of bovine oocyte with lipidpdets after 24 h-maturation
Figure 3. Representative image of bovine oocyte with matefamale pronuclei at the
syngamy stage

Figure 4. Representative image of bovine expanded blastaty3ay 8

Figure 5. Lipid content in MLC bovine oocytes after matuoatiwvith and without L-carnitine
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Highlights:

» Theeffect of L-carnitine during maturation of bovine oocytes was assessed.
* Theimpact of L-carnitine on oocytes depends on their meiotic competence.

» Maturation with L-carnitine increases development of embryos from less competent
oocytes.

» Expansion of blastocysts from more competent oocytes matured with L-carnitineis
accelerated.



