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The role of Kisspeptin in bovine in vitro embryo production

Efeito da Kisspeptina na produção in vitro de embriões bovinos
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Abstract

The aim of this study was to investigate the effect of Kisspeptin (Kp) on the medium used in different 
stages of in vitro production of bovine embryo (IVEP), evaluating cleavage (CR) and blastocyst (BR) 
rates. The study was divided into three experiments that analyzed, respectively, the action of Kp on in 
vitro maturation (IVM), in vitro fertilization (IVF), and in vitro culture (IVC) of bovine embryos. In 
experiment 1, the oocytes were matured in IVM medium and distributed into the following treatments: 
maturation (IVM Control, n = 102), maturation with addition of 10-7 M Kp (Kp 10-7 IVM, n = 90), and 
hormone-free maturation luteinizing hormone (LH) and follicle-stimulating hormone (FSH) with the 
addition of 10-7M Kp (No hormones + Kp 10-7, n = 84), following maturation to normal stages of IVEP. 
In experiment 2, the oocytes were fertilized in IVF medium, in the following treatments: TALP-FERT 
without Kp (Control IVF, n = 103) and TALP-FERT with the addition of 10-7M Kp (Kp 10-7 IVF, n = 
119), usually following the other steps. Finally, in the third experiment, the oocytes passed through 
all phases and were divided into IVC in two treatments: SOF medium without Kp (Control IVC, n = 
109) and SOF medium with the addition of 10-7M Kp (Kp 10-7, N = 106). The data were analyzed by 
PROC GLIMMIX of the SAS program. In experiment 1, the means of CR and BR were similar (P > 
0.05) between treatments (IVM Control76.47% and 37.25%, Kp 10-7 MIV80% and 33.33%, and No 
hormones + Kp 10-770.24% and 30.95%, respectively). In experiment 2, the means of CR were similar 
for the IVF Control and Kp 10-7 IVF groups (P > 0.05), 76.70% and 86.55% respectively. But, the mean 
of the BR of the group Kp 10-7 IVF was 38.66%, which was higher (P < 0.05) than that of the FIV 
Control group, which was 31.07%. In the third experiment, the means of CR and BR (P > 0.05) were 
similar between the IVC Control and Kp 10-7 IVC groups (CR 83.50% and 78.30%, and BR 26.60% 
and 23.60%, respectively). Although at this concentration of 10-7M during IVC no change in embryo 
production is seen, Kp presents the same performance as both gonadotrophins in oocyte maturation and 
modulates the fertilization process, providing more blastocysts. With these findings, it can be seen that 
Kp presents a regulatory action on bovine reproduction, and can be an excellent tool to maximize IVEP 
indexes.
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Resumo

Objetivou-se com esse estudoinvestigar o efeito da Kisspeptina (Kp) nos meios base utilizados nas etapas 
da Produção in vitro de Embriões (PIVE) bovinos, avaliando as taxas de clivagem (TC) e blastocistos 
(TB). O estudo foi dividido em três experimentos, sendo respectivamente analisado em cada um a ação 
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da Kp na maturação in vitro (MIV), fertilização in vitro (FIV) e cultivo in vitro (CIV) de embriões 
bovinos. No experimento 1 os oócitos foram maturados em meio base MIV, distribuídos nos seguintes 
tratamentos: maturação (Controle MIV, n=102), maturação com adição de 10-7M de Kp-10 (Kp 10-7 

MIV, n=90) e maturação sem hormônios LH e FSH com adição de 10-7M de Kp-10 (Sem hormônios + 
Kp 10-7, n=84), seguindo após a maturação para as etapas normais da PIVE. No experimento 2 os oócitos 
foram fecundados em meio base da FIV, nos seguintes tratamentos:TALP-FERT sem Kp (Controle FIV, 
n = 103) e TALP-FERT com adição de 10-7M de Kp-10 (Kp 10-7 FIV, n = 119), seguindo normalmente 
pelas outras etapas. Finalmente, no terceiro experimento os oócitos passaram por todas as fases e foram 
divididos no CIV em 2 tratamentos: meio SOF sem Kp (Controle CIV, n = 109) e meio SOF com 
adição de 10-7M de Kp-10 (Kp 10-7 3, n = 106). Os dados foram analisados pelo PROC GLIMMIX 
do programa SAS. No experimento 1 as médias das TC e TB foram semelhantes (P > 0,05) entre os 
tratamentos Controle MIV 76,47% e 37,25%, Kp 10-7 MIV 80% e 33,33% e Sem hormônios + Kp 10-

770,24% e 30,95%, respectivamente. No experimento 2 as médias das TC foram semelhantes para os 
grupos Controle FIV e Kp 10-7 FIV (P > 0,05), sendo 76,70% e 86,55%, respectivamente. Porém, a 
média da TB do grupo Kp 10-7 FIV 38,66%, foi superior (P < 0,05) ao grupo controle FIV 31,07%. No 
terceiro experimento as médias das TC e TB (P > 0,05) também foram similares entre os tratamentos 
Controle CIV e Kp 10-7 CIV. Os seguintes valores foram observados para TC 83,50% e 78,30% e TB 
26,60% e 23,60% respectivamente. Embora nesta concentração de 10-7M durante a CIV não seja visto 
alteração na produção de embriões, a Kp apresenta o mesmo desempenho que ambas as gonadotrofinas 
na maturação de oócitos e modula o processo de fertilização proporcionando mais blastocistos. Com 
isso, pode-se perceber que a Kisspeptina apresenta uma ação regulatória na reprodução de bovinos, 
podendo ser uma excelente ferramenta para maximizar os índices da PIVE.
Palavras-chave: Blastocistos. Cultivo in vitro. Fertilização in vitro. Maturação in vitro. Kiss1. Kiss1r.

Introduction

Biotechnologies of reproduction are being used 
as tools to maximize the reproductive efficiency of 
herds, primarily cattle, resulting in a higher number 
of offspring. In addition, the genetic merit of the 
herd is indirectly increased, since these techniques 
provide the massive dissemination of the superior 
material, thus increasing the genetic progress 
for time (LIMA; STERZA, 2016). An important 
biotechnology to exploit this genetic potential is 
the in vitro embryo production (IVP), which allows 
a reduction of the interval between generations, 
besides allowing the introduction/intensification of 
the genetic material of females identified as superior.

However, this biotechnology still performs 
less than ideal for embryo production, with a 40% 
rate of oocytes reaching the stage of blastocysts 
(LONERGAN; FAIR, 2008) for commercial 
laboratories and 30% in the research environment 
(MAPLETOFT, 2013). To this end, studies are being 
developed to find alternatives and products that can 
increase production rates in IVP and improve the 
quality of blastocysts.

In this context, the discovery of the Kisspeptin 
(Kp) action as the main factor in fertility control, 
acting at different levels from hypothalamic nuclei 
(REDMOND et al., 2011) to gametes (HSU et al., 
2014; PINTO et al., 2012; SAADELDIN et al., 
2012), and opening a window for the understanding 
of how the modulation of oogenesis, fertilization, 
and embryonic/fetal development occurs. Metastin 
(commonly known as Kp), discovered by Lee et al. 
(1996), had its KISS1 gene first described as one 
of the metastatic suppressor genes in malignant 
melanoma cells. Kp is a product of the KISS1 gene 
with affinity for the KISS1 receptor (KISS1R), 
which is a transmembrane G protein-coupled 
receptor, previously recognized as GPR54 (HIDEN 
et al., 2007; PINILLA et al., 2012).

This peptide acts primarily on the hypothalamus, 
stimulating gonadotropin-releasing hormone 
(GnRH) neurons, resulting in pulsatile or tonic 
secretion and promoting the release of luteinizing 
hormone (LH) and follicle stimulating hormone 
(FSH) (EZZAT et al., 2010; GUTIÉRREZ- 
PASCUAL et al., 2007). The expression of the 
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gene encoding this neuropeptide and its receptor 
has already been observed in reproductive tissues, 
including ovary (CASTELLANO et al., 2006; 
GAYTAN et al., 2009), oviduct (GAYTAN et al., 
2009), and testes (OHTAKI et al., 2001; TERAO et 
al., 2004; ZHAO et al., 2010). Kp and its receptor 
were also detected in human spermatozoa (PINTO 
et al., 2012) and Kiss1r in mouse spermatozoa 
(HSU et al., 2014), suggesting a regulatory role 
in reproduction at these levels. Although Kp 
acts indirectly by stimulating folliculogenesis, 
spermatogenesis, and steroidogenesis, besides 
promoting ovulation in females (MACEDO et al., 
2013, OKAMURA et al., 2013), there is still no 
study on the role of Kp in each step of IVP in cattle. 
Thus, the aim of this study was to investigate the 
effect of Kp supplementation on the base media 
used in the in vitro maturation, fertilization, and 
in vitro culture of bovine embryos, evaluating the 
production of embryos through the cleavage and 
blastocyst rates.

Material and Methods

Reagents

The reagents used in this study were from 
Sigma (St. Louis MO, USA). Murine Kp-10 
(YNWNSFGLRY-NH2) was manufactured by 
American Peptide Company Inc., (Vista, CA, USA). 
Follicle-stimulating hormone (FSH; Folltropin®) 
and luteinizing hormone (LH; Lutropin-V®) were 
sourced from Bioniche Inc. (Belleville, Canada).

Local and Animals

Ovaries were collected from a bovine 
slaughterhouse in the municipality of Uberlândia-
MG, varying the breed, age, and weight of the 
animals. The ovaries were transported in a thermal 
bottle with a temperature between 35° C and 38° 
C, in a maximum period of 4hours. The collected 
material was taken to the Animal Reproduction 
Laboratory of the Federal University of Uberlândia.

Collection and selection of cumulus-oocyte 
complexes

Immediately after the ovaries arrived, the 
oocytes were obtained by suctioning the ovarian 
follicles with a diameter of 3 to 8 mm, punctured 
with the aid of an 18-gauge needle attached to a 5mL 
syringe. The obtained follicular fluid was deposited 
into 15-mL plastic tubes and allowed to stand in 
a water bath (35° C-38° C) for 10 minutes until 
sedimentation. The pellet formed was transferred 
to Petri dishes and evaluated under a stereoscopic 
microscope (Olympus Optical®, model SZ-40/SZ-
ST) for the tracking of cumulus-oocyte complexes 
(COCs).

The classification of the oocytes was performed 
by a single observer, based on the Leibfried and 
First (1979) method with adaptations, in which the 
COCs were classified according to their morphology 
into the following: grade I (homogeneous nucleus 
and ooplasm with more than 3 layers of cumulus 
cells); grade II (compact COCs with three or fewer 
layers of cumulus and oocyte cells with slightly 
heterogeneous cytoplasm); and grade III (partially 
bare oocytes, showing removal of cumulus cells on 
less than a third of the surface of the zona pellucida, 
naked, and atresic). The COCs classified into grade 
I and grade II were used for IVM. The study was 
divided into three experiments, and each replicate of 
each experiment had the same quality and quantity 
of oocytes per treatment.

In vitro embryo production

Experiment 1

After the selection, the oocytes were transferred 
to the IVM stage, washed twice in TCM-199 Hepes 
base wash medium plus 10% fetal bovine serum, 
pyruvate solution (0.11 mg/mL-1), and amikacin 
(83 mg/ mL-1). After this process, the oocytes were 
randomly divided into 3 treatments: conventional 
maturation (IVM Control, n = 102), maturation 
with the addition of 10-7M Kp (Kp 10-7IVM, n = 
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90), and maturation without LH hormones and 
FSH with the addition of 10-7M Kp (No hormones 
+ Kp 10-7, n = 84). Before being placed on the 
IVM plate, the oocytes were washed once in a 
respective medium of each treatment, the base 
medium of maturation consisting of base TCM-199 
bicarbonate plus 10% fetal bovine serum (0.11 mg/
mL-1), amikacin (83 mg/mL-1), sodium pyruvate (22 
μg/mL-1), FSH (0.5 μg/mL-1), and LH (5 μg/mL-1). 
The oocytes were distributed (10-15 oocytes) in 
drops of the maturation medium with 100 μL and 
then incubated in an incubator at 38.5° C in a humid 
atmosphere containing 5% CO2 for 22 to 24 hours. 
After this period, the oocytes were observed under 
a stereoscopic microscope to evaluate the expansion 
of cumulus cells, indicating oocyte maturation.

After maturation, the oocytes were washed in 
one drop of TALP-FERT medium plus amikacin 
(83 mg/mL-1), pyruvate solution (0.11 mg/mL-1), 
PHE (2 μM penicillamine, 1 μM hypotaurine, 1 
μM epinephrine), heparin (10 μg/mL-1), and bovine 
serum albumin (BSA) free of essential fatty acids 
(6 mg/mL-1) in 100 μL drops of the same TALP-
FERT medium and the same distribution of IVM 
treatments. Fertilization was performed with semen 
selected from the same Nelore bull for all replicates. 
The semen reeds were thawed and the spermatozoa 
submitted to the selection and training process 
by the mini-Percoll® discontinuous gradient 
centrifugation method adapted from Parrish et al. 
(1995) and was carried out in 1.5-mL microtubes with 
400 μL of 45% Percoll and 400 μL of Percoll 90%, 
thus totaling 800 μL of the gradients and rotating 
at 3500 rpm for 5 minutes. At the end of testing, 
motility and vigor were evaluated, in addition to the 
concentration, by counting in the Neubauer chamber 
with the aid of a light microscope. From this, the 
semen concentration that was placed per drop was 
calculated and the inseminating dose used of 1×106 
spermatozoa/mL, thus considering IVF day as day 
0 (D0) of the embryonic development. Fertilization 
was performed on the IVF plate in drops containing 

TALP-FERT medium. The COCs together with the 
spermatozoa were taken to the incubator by 12:00 to 
18:00 hours under the same maturation conditions.

After the IVF period, the possible zygotes were 
stripped and washed in medium with synthetic 
oviduct fluid (SOF) base supplemented with 
pyruvate solution (0.11mg/mL-1), amikacin (83mg/
mL-1), free fatty acid BSA,  low endotoxin (6 mg/
mL-1), and fetal bovine serum (2.5%) and transferred 
to the IVC culture dish following the same drop/
treatment separation, containing from 10 to 15 
zygotes in 100-μL drops of medium on SOF basis 
and incubated at 38.5°C in a humid atmosphere 
containing 5% CO2 for 7 days. In D3 and D7, 
production analyzes were performed using the rates 
of cleavage and blastocysts.

Experiment 2

The methodology of experiment 2 was based 
on experiment 1, but the Kp test was performed in 
the IVF stage. After selection, the oocytes normally 
followed the IVM stage without receiving any 
treatment.

At the end of maturation, the oocytes were 
transferred to IVF and were randomly assigned 
to the following treatments: TALP-FERT without 
Kp (IVF Control, n = 103) and TALP-FERT with 
the addition of 10-7M Kp (Kp 10-7 IVF, n = 119). 
Prior to being placed on the IVF plate, the oocytes 
were washed once in the respective medium of 
each treatment and then normally followed the IVF 
procedure. After this step, the probable zygotes 
passed to the conventional IVC, maintaining the 
droplet separation/treatment.

Experiment 3

In this experiment, the Kp test was performed 
during the IVC, and the previous steps were 
performed in a conventional manner. After 
fertilization, the oocytes were randomly assigned to 
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the following treatments: SOF medium without Kp 
(Control IVC, n = 109) and SOF medium with the 
addition of 10-7M Kp (Kp 10-7IVC, n = 106). Prior 
to being placed on the IVC plate, the oocytes were 
washed in the respective medium of each treatment 
and normally followed the IVC procedure.

Embryo production analysis

Seventy-two hours after fertilization (D3), 
the cleavage rate was evaluated. At the end of the 
culture (D7), the blastocyst rate was estimated, 
in which the embryos were classified by a single 
observer, as recommended by the International 
Society of Embryos (STRINGFELLOW; SEIDEL, 
1998). These evaluations were all performed using 
a stereoscopic microscope.

Statistical analysis

The effect of the treatments was analyzed 
using SAS 9.3 (2016). The binomial variables 
were submitted to ProcGLIMMIX, compared by 
Ismeans, and presented in percentage. Significance 
was considered when P <0.05. 

Results

In experiment 1, the mean values of cleavage 
rates and blastocysts were similar (P> 0.05) between 
conventional oocyte maturation treatments (IMV 
Control), maturation with addition of 10-7M Kp (Kp 
10-7 IVM), and maturation without hormones LH 
and FSH with addition of 10-7M Kp (No hormones 
+ Kp 10-7). The cleavage rates were 76.47% 
(78/102), 80% (72/90), and 70.24% (59/84), and 
the blastocyst rates were 37.25% (38/102), 33. 33% 
(30/90), and 30.95% (26/84), respectively, for each 
treatment (Figure 1).

In the second experiment, the mean values 
found for the cleavage rates were similar (P> 0.05) 
between treatments. The values of this rate were 
76.70% (79/103) and 86.55% (103/119) for the IVF 
control and Kp 10-7 IVF groups, respectively. On the 
other hand, the mean blastocyst rate of the Kp 10-7 
FIV group was higher (P <0.05) than that of the IVF 
control group. Thus, the values of the blastocyst 
rates were 38.66% (46/119) and 31.07% (32/103), 
respectively, for each treatment (Figure 2).

In experiment 3, the mean values found for 
the cleavage rates and blastocysts were similar 
(P> 0.05) between the IVC Control and Kp 10-7 
IVC treatments, with cleavage rates being 83.50% 
(91/109) and 78. 30% (83/106), and the blastocyst 
rates 26.60% (29/109) and 23.60% (25/106), 
respectively, for each treatment (Figure 3).
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Figure 1. Mean percentage of cleavage and blastocyst rates of treatments of conventional maturation, maturation with 
addition of 10-7M Kp-10 and maturation without hormones LH and FSH, with addition of 10-7M Kp-10, evaluated in 
D3 and D7, respectively.

Significance when p<0.05.

Figure 2. Mean percentage of cleavage and blastocysts rates of treatments IVF Control and Kp 10-7 IVF, evaluated in 
D3 and D7, respectively.

a,bDifferent letters means significance (P < 0.05).
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Figure 3. Mean percentage of cleavage and blastocysts rates of treatments IVC Control and Kp 10-7 IVC, evaluated 
in D3 and D7, respectively.

Significance when P<0.05.

Discussion

The process of in vitro production of bovine 
embryos is still considered inefficient, presenting 
a lower quality of blastocysts committed to their 
competence. Therefore, new alternatives are being 
tested to be closer to in vivo production, increasing 
the in vitro production and the quality of the bovine 
embryos.

In the first experiment, in vitro oocyte maturation 
supplemented with Kp did not result in higher 
cleavage rates and blastocysts compared to the 
conventional medium. The treatment of maturation 
with the addition of Kp did not present a better 
result, probably due to the high concentration of 
gonadotrophins in the medium, resulting in the 
saturation of the LH receptors in cumulus cells 
(MCFARLAND et al., 1989) and FSH in oocytes 
(MÉDURI et al., 2002). However, the presence 
of Kp in the hormone-free maturation medium 
maintained similar control rates. This demonstrates 
that the use of this neuropeptide in the base medium 
of IVM can replace the use of the hormones LH 

and FSH, since they presented the same production. 
In this way, the cost of the process and the chance 
of contamination can be diminished, since the 
neuropeptide is of synthetic manufacture with 
a high degree of purity. In addition, Kp has been 
shown to play an important role in the regulation 
of mammalian fertility due to its direct action on 
hypothalamic neurons, stimulating the secretion of 
GnRH in vivo and consequently of LH and FSH 
gonadotrophins (DHILLO et al., 2005; DIAS et al., 
2015; HASHIZUME et al., 2010). Saadeldin et al. 
(2012) reported that in vitro Kp indirectly affects 
oocyte maturation due to increased LH production 
by activation of GnRHα expressed in oocytes and 
cumulus cells during IVM.

In the second experiment, Kp resulted in 
improvements in blastocyst production rates when 
added to the IVF stage. This result can be explained 
by the probable presence of Kiss1r and Kiss1 in 
bovine spermatozoa, as has been reported in other 
species such as mice (HSU et al., 2014) and humans 
(PINTO et al., 2012), allowing Kp to modulate 
fertilization, in order to improve the fertilization 
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capacity of the spermatozoon. Some of the effects 
of this neuropeptide on spermatozoa result from 
their ability to locally modulate GnRH secretion, 
GnRH and its receptor are present in several 
additional hypothalamic tissues, including oviduct, 
ovarian granulosa cells, and spermatozoa (IZUMI 
et al., 1985; LEE et al., 2000; MORALES, 1998). 
This hormone increases spermatozoa’s ability to 
bind to the zona pellucida, but is not capable of 
inducing the acrosome reaction or modifying the 
motile pattern in human spermatozoa (MORALES, 
1998). In addition, the neuropeptide also promotes 
an increase in the concentration of intracellular 
calcium in the spermatozoa, inducing significant 
changes in sperm motility (PINTO et al., 2012; HSU 
et al., 2014) and is also important in acupuncture 
training and reaction (COSTELLO et al., 2009).

In the third experiment, the supplementation of 
the culture medium with Kp had no effect on the 
rates of cleavage and blastocysts. In addition, Kp 
has a metastatic suppressor molecule, controlling 
proliferation and cell migration (OHTAKI et al., 
2001), and it can also control embryonic cell 
divisions, since this activity can be confused with 
disordered cell multiplication. In this case, this 
neuropeptide may act by inhibiting the growth 
of disseminated cancer cells at a secondary 
site, suppressing metastasis without affecting 
primary tumor growth (GOLDBERG et al., 1999; 
KAUFFMAN et al., 2003; YOSHIDA et al., 1999). 
Research studies such as those by Wang et al. 
(2005) and Ji et al. (2013) have shown this effect to 
be a metastatic suppressor molecule by observing 
that reduced levels of KISS1 and Kp expression 
were correlated with invasion and metastasis of 
pancreatic cancer. In addition, Kp plays a role in the 
endocrine-paracrine regulation of the trophoblast 
invasion (TERAO et al., 2004) of the uterine 
extracellular matrix, repressing this critical and 
essential process for the embryonic development 
that resembles a tumor cell invasion, but controlled 
(HIDEN et al., 2007; ROSEWEIR et al., 2012). 

According to Saaldeldin et al. (2012), embryos 
cultured in media supplemented with Kp presented 
their affected trophoblastic viability, presenting 3 
to 5 times more degeneration than those cultured 
without this neuropeptide, due to the impediment of 
the trophoblast growth, leading to a degeneration of 
the trofectoderma. 

Conclusion

The maturation medium without FSH and LH, 
supplemented with Kp, was able to perform a 
maturation similar to mature oocytes with the use 
of these standard hormones, thus demonstrating that 
Kp replacement may be an alternative for IVM. In 
addition, it was also evidenced that this neuropeptide 
proved to be a good alternative for use in IVF as it 
improved the production of embryos in vitro.

Thus, it can be concluded that Kp presents a 
regulatory action on bovine reproduction, and can 
be an excellent tool to maximize the indices of the 
in vitro production of embryos, thus requiring more 
in-depth knowledge about this neuropeptide.
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