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Serum kisspeptin levels in
pregnant and non-pregnant
diestrus bitches: a pilot study
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Sabrina Caloiero?®, Viola Zappone**, Marco Quartuccio?,
Santo Cristarella*, Angela Polisca! and Alessandro Troisi?

Department of Veterinary Medicine, University of Perugia, Perugia, Italy, 2Department of Biosciences,
University of Camerino, Camerino, Italy, *Kennel Training Course of Financial Guard, Castiglione del
Lago, ltaly, “Department of Veterinary Medicine, University of Messina, Messina, Italy

Kisspeptins are neuropeptides that play a key role in regulating reproductive func-
tion. They are also involved in maternal-fetal communication and the devel-
opment of the placenta in several mammalian species. In humans and cattle,
circulating kisspeptin concentrations increase during pregnancy, and the pla-
centa has been proposed as their main source of production. To the best of
the authors’ knowledge, no data are currently available regarding serum kiss-
peptin concentrations during canine pregnancy. The aim of this study was to
evaluate, for the first time, serum kisspeptin concentrations in pregnant bitches
compared with non-pregnant diestrus bitches. Eight clinically healthy German
Shepherd bitches were enrolled and divided into two groups: pregnant (n = 4)
and non-pregnant diestrus (n = 4). Blood samples were collected from ovula-
tion and every 15 days until the end of pregnancy or diestrus. Pregnancy was
diagnosed using ultrasonography at 19 days post-ovulation and was monitored
simultaneously with blood sampling. Median serum kisspeptin concentrations
throughout the observation period tended to be higher in pregnant bitches, with
a statistically significant difference between groups observed on Day 15 post-
ovulation (p = 0.029). This early increase in serum kisspeptin concentrations sug-
gests that kisspeptin circulating in the bloodstream deserves further investigation
as a potential biomarker for the early detection of pregnancy in bitches. However,
these findings should be interpreted with caution given the exploratory nature of
the study and its small sample size.

KEYWORDS
bitch, early biomarker, kisspeptin, placenta, pregnancy

1 Introduction

Kisspeptin (KP) is a neuropeptide that was originally isolated from a human melanoma
cell line. There, it was identified as a metastasis suppressor and named “metastin” (1). Kisspeptin
is encoded by the KISS1 gene, and it exerts its biological activity by binding to the G protein-
coupled receptor KISSIR, which was previously known as GPR54 (2). Located on chromosome
1q32, the KISSI1 gene encodes a 145-amino-acid precursor peptide that undergoes post-trans-
lational processing to generate several biologically active fragments, including KP-54, KP-14,
KP-13 and KP-10 (2-4).
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The kisspeptinergic system is widely recognized as a key regulator
of reproductive function, primarily due to its involvement in the
hypothalamic-pituitary-gonadal (HPG) axis (5-7). Kisspeptins stimu-
late gonadotropin-releasing hormone (GnRH) neurons by activating
KISSIR, thereby promoting GnRH synthesis and secretion (8). GnRH
then stimulates pituitary gonadotrophs to release follicle-stimulating
hormone (FSH) and luteinising hormone (LH), which regulate
gonadal function (9-11). The importance of this system is emphasised
by evidence showing that inactivating mutations in KISS1 or KISSIR
lead to hypogonadotropic hypogonadism (5-7), whereas activating
mutations in KISSIR have been associated with precocious
puberty (12).

In addition to its role in central neuroendocrine regulation, the
kisspeptinergic system is also expressed in the peripheral reproductive
tissues of both males and females. In female mammals, both kiss-
peptin and its receptor have been detected in ovarian tissues of various
species, including rats, mice, humans, dogs, pigs, cattle and cats (13-
30). This suggests that kisspeptin plays an autocrine and paracrine role
in reproductive processes. Furthermore, kisspeptins are involved in
pregnancy-related processes. In humans, KISS1 is expressed in pla-
cental syncytiotrophoblasts, whereas KISSIR is found in both cytotro-
phoblasts and syncytiotrophoblasts (31). The kisspeptinergic system
has also been documented in the placenta of other species, including
dogs and cattle (32-34).

Placenta kisspeptins are thought to contribute to several processes
involved in pregnancy establishment and maintenance. They are
involved in processes such as embryo implantation, trophoblast inva-
sion, placental angiogenesis and maternal immune adaptation (31,
35-38). Circulating kisspeptin concentrations increase markedly due
to placental production during gestation. In women, serum kisspeptin
levels progressively rise throughout pregnancy, reaching concentra-
tions over 900 times higher than in non-pregnant individuals in the
first trimester, and over 7,000 times higher in the third trimester. This
is followed by a rapid decline after parturition (39). Similar increases
have been reported in cattle, although temporal variations among ges-
tational stages have also been observed, suggesting the existence of
species-specific regulatory mechanisms (27, 40).

Despite growing knowledge of the role of kisspeptin in the repro-
ductive physiology of various species, there is a lack of information on
circulating kisspeptin concentrations during pregnancy in female
dogs. The present study aimed to determine serum kisspeptin concen-
trations during canine pregnancy and compare them with those
observed in non-pregnant bitches in diestrus. This comparison was
conducted to investigate the potential role of this neuropeptide during
canine gestation. Therefore, this study should be considered an initial
exploratory investigation, designed to generate hypotheses regarding
the potential involvement of kisspeptin in the early stages of canine
pregnancy.

2 Materials and methods
2.1 Ethical approval

All treatments, housing and animal care followed EU Directive
2010/63/EU on the protection of animals used for scientific purposes.

The Ethics Committee of the Department of Veterinary Medicine and
Animal Productions at the University of Perugia, Italy (prot. no.
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314949), approved the protocol and procedures. Informed consent
was obtained from each dog owner before its inclusion in the study.

2.2 Animals and study design

Eight clinically healthy female German Shepherd dogs were
enrolled in the study and divided into two groups: a pregnant group
(n = 4) and a non-pregnant group (n = 4). The bitches ranged in age
from 2 to 4 years and weighed 29 + 1 kg. All animals were born and
raised at the Canine Training and Breeding Center of the Guardia di
Finanza (Castiglione del Lago, Perugia, Italy). The bitches assigned to
the pregnant group were multiparous and had a regular reproductive
history, having previously completed at least two pregnancies that
resulted in the normal delivery of viable, healthy puppies. In contrast,
the bitches included in the non-pregnant group were in physiological
cyclical oestrus and were not mated during the study period, as they
were being monitored within a controlled breeding selection pro-
gramme for their prospective use as brood bitches. These animals had
previously exhibited two to three normal oestrous cycles but had not
yet experienced pregnancy.

All animals underwent thorough clinical and reproductive exami-
nations, including anamnesis, medical history, physical examination,
and routine hematological and biochemical analyses. They were fed
twice daily (08:00 and 20:00) a commercial, complete, and balanced
diet for reproduction (REPRODUCTION FEMALE dry food, Sanypet
S.p.a., Bagnoli Di Sopra (PD), Italy). The diet was provided according
to physiological state, with an estimated average energy demand of
132 kcal/kg BW®” for pregnant bitches until day 40 and for non-preg-
nant bitches throughout the study.

2.3 Sample collection and reproductive
monitoring

The day of ovulation was designated as “Day 0,” which was con-
firmed when serum progesterone concentrations were between 4 and
10 ng/mL (41-43). In the bitches assigned to the pregnant group,
natural mating was allowed approximately 48 h after ovulation. Blood
samples were collected from the cephalic vein on Day 0 and subse-
quently every 15 days until the end of pregnancy or the luteal phase.
The sampling days 15, 30, 45, and 60 post-ovulation were designated
as Day 1, Day 2, Day 3, and Day 4, respectively. The end of diestrus
was defined as the day when serum progesterone concentrations fell
to <2 ng/mL. The ovulation day was also confirmed by transabdomi-
nal ultrasonography (My Lab 30 Gold Esaote, Genova, Italy), as well
as pregnancy diagnosis on Day 19 post-ovulation. Embryo-fetal devel-
opment was monitored on the same days as blood sampling (Days 1,
2, 3, and 4). For all animals, an aliquot of each blood sample was
immediately analyzed for hematological and biochemical parameters.
The remaining serum was separated and stored at —80 °C until hor-
monal assay.

2.4 Hormonal assays

Serum concentrations of kisspeptin and progesterone were deter-
mined using commercial enzyme immunoassay (ELISA) kits accord-
ing to the manufacturers instructions. All samples were assayed in
duplicate. Kisspeptin concentrations were measured using a Canine
Kisspeptin ELISA Kit (MyBioSource, Catalog MBS7262277, San
Diego, CA, United States). According to the manufacturer’s
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specifications and our in-house validation, the assay sensitivity was
1.0 pg/mL. The mean recovery rate ranged from 94 to 103%. The
intra-assay and inter-assay coefficients of variation (CV) were 4.4-
5.6% and 6.6-7.9%, respectively. Progesterone serum concentrations
were measured using a commercial Progesterone ELFA Kits
(MiniVidas bio-Merieux) validated for canine (44).

2.5 Statistical analysis

Due to the number of animals examined in this study, the data
were presented as medians, range (minimum-maximum), and inter-
quartile range. The two groups were compared using a highly robust
non-parametric approach, namely the Independent-Samples Median
Test (Fisher’s exact test). In addition, effect size (r) was calculated from
the Mann—Whitney U test as Z/ \/ N. The Hodges-Lehmann estimator
and corresponding 95% confidence intervals were used to quantify
differences between groups. Changes over time within each group
were analyzed using the Friedman test, with effect size estimated by
Kendall's W. A p-value <0.05 was considered statistically significant.
All analyses were performed using IBM SPSS Statistics (version 27,
IBM Corp., Armonk, NY, United States) and graphical representations
were generated using GraphPad Prism (version 8, GraphPad Software,
San Diego, CA, United States).

3 Results

All pregnant bitches delivered healthy puppies (mean litter size
9.75 + 4.57). Non-pregnant diestrus females exhibited physiological
progesterone levels (>5 ng/mL) (45).

The descriptive statistics and the inferential test results are
reported in Table 1 and in the interval scatter plot (Figure 1). A sta-
tistically significant difference between groups was detected only on
Day 1, with pregnant bitches showing markedly higher values than
non-pregnant ones (p = 0.029), with a Hodges-Lehmann estimate of
—16.2 (95% CI: —29.4 to —4.0) and a large effect size (r =0.80).
Although there was no statistical significance on the remaining days,
the different ranges and maximum values between the two groups
were still evident. On Day 2, the maximum value in non-pregnant
bitches was 18.1 pg/mL, whereas in pregnant bitches it reached
37.9 pg/mL (p = 0.486; Hodges-Lehmann estimate = —5.5, 95% CI:
—23.6 10 6.2; r = 0.41). On Day 3, the maximum in the non-pregnant

10.3389/fvets.2026.1826654

group was 16.2 pg/mL, whereas in the pregnant group it was more
than double this at 40.7 pg/mL (p = 0.486; Hodges-Lehmann esti-
mate = —4.9, 95% CI: —34.9 to 4.0; r = 0.41). On Day 4, the maximum
observed in non-pregnant bitches was 14.0 pg/mL, compared with
29.8 pg/mL in pregnant bitches (p = 0.143; Hodges-Lehmann esti-
mate = —11.7, 95% CI: —20.8 to 4.1; r = 0.53). Overall, the estimated
marginal median over the entire observation period tended to be
higher in the pregnant group than in the non-pregnant group
(p = 0.068; Hodges-Lehmann estimate = —8.5, 95% CI: —15.9 to —3.6;
r=10.55).

No significant changes over time were observed within either the
pregnant group (Friedman test, y*(3) = 0.200, p = 0.978; Kendall’s
W =0.022) or the non-pregnant group (Friedman test, y*(3) = 1.800,
p =0.615; Kendall's W = 0.20).

4 Discussion

The kisspeptinergic system plays a key role in regulating repro-
ductive function in mammals (46). To the best of our knowledge, this
is the first study to evaluate serum kisspeptin concentrations in preg-
nant bitches compared with non-pregnant bitches in diestrus.

Our preliminary results showed a general tendency towards
higher serum kisspeptin concentrations in pregnant dogs throughout
the study period. While no significant temporal changes were detected
within groups, a statistically significant difference was observed
between pregnant and non-pregnant animals at 15 days post-ovula-
tion. The substantial variability observed between individuals in both
groups may reflect physiological factors unique to the canine species
that influence kisspeptin secretion or metabolism.

The early increase in circulating kisspeptin concentrations
observed in pregnant bitches may be biologically relevant as it coin-
cides with the maternal recognition of pregnancy phase. Kisspeptins
have been shown to regulate several essential mechanisms for estab-
lishing a pregnancy. In humans, placental kisspeptin production
mainly occurs in syncytiotrophoblasts, while KISSIR is expressed in
both cytotrophoblasts and syncytiotrophoblasts. This suggests that
kisspeptins have autocrine and paracrine regulatory functions (31-
35). Experimental evidence shows that kisspeptins promote embryo
implantation by encouraging trophoblast adhesion to the endome-
trium and stimulating stromal decidualisation by increasing the pro-
duction of leukaemia inhibitory factor (LIF) (31).

TABLE 1 Serum kisspeptin concentrations (pg/mL) in pregnant and non-pregnant bitches at 15, 30, 45, and 60 days post-ovulation, expressed as median, minimum, and maximum.

Day post-
ovulation
Non-pregnant Pregnant
Median Minimum Maximum Median Minimum Maximum

15 9.1 38 15.9 20.7 19.9 332 0.029
30 14.9 7.4 18.1 19.5 9.4 37.9 0.486
45 8.5 5.6 16.2 13.1 9.1 40.7 0.486
60 11.3 8.9 14.0 23.2 10.0 29.8 0.143
Marginal median 11.3 3.8 18.1 19.9 9.1 40.7 0.068
(overall period)

Marginal medians for the overall observation period are also reported. p-values refer to comparisons between groups, determined using the Independent-Samples Median Test.
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FIGURE 1
Interval scatter plot showing median kisspeptin concentrations and interquartile range in pregnant and non-pregnant bitches across the four
post-ovulation days. *p < 0.05.

Additionally, kisspeptins modulate trophoblast behaviour, limit-
ing excessive cellular migration and invasion, both of which are essen-
tial for proper placental development (31). They also play a role in
regulating placental angiogenesis and spiral artery remodelling within
the uterine microenvironment to ensure adequate maternal-fetal cir-
culation (35-37). Furthermore, kisspeptins contribute to maternal
immune tolerance by promoting the differentiation of naive T cells
into regulatory T cells (38). Studies have shown that KP-54 promotes
the differentiation of regulatory T cells and inhibits the induction of
T-helper 17 lymphocytes (47-49). Furthermore, exposure to kiss-
peptins reduces the cytotoxic activity of natural killer cells towards
fetal cells, while decreasing neutrophil activity and increasing mono-
cyte functional activity, thereby contributing to immune adaptation
during pregnancy (49).

In addition to their physiological functions, kisspeptins have been
suggested as potential biomarkers for various pregnancy-related com-
plications, such as miscarriage, ectopic pregnancy, preterm birth,
foetal growth restriction, hypertensive disorders of pregnancy, pre-
eclampsia, gestational diabetes mellitus and gestational trophoblastic
disease (50). These observations support the hypothesis that circulat-
ing kisspeptin concentrations may reflect placental functional activity.

Comparative studies across species further support the biologi-
cal significance of kisspeptin during pregnancy. In humans, circu-
lating kisspeptin concentrations increase dramatically throughout
gestation. They reach levels approximately 900-fold higher than
baseline during the first trimester and up to 7,000-fold higher
during the third trimester. This is followed by a rapid return to
normal levels after delivery (39). Similarly, studies in cattle have
demonstrated rising plasma KP-10 levels during pregnancy (27).
However, some studies have reported variable temporal profiles,
including increases in early gestation, decreases in mid-gestation
and subsequent increases in late pregnancy. This suggests that there
are species-specific regulatory mechanisms for the secretion of pla-
cental kisspeptin (40).

Differences between our findings and those reported in other
species may reflect variations in gestational length and sampling
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protocols. While kisspeptin concentrations in humans and cattle
have been evaluated across broad gestational stages, blood sam-
ples in the present study were collected at specific time points (15,
30, 45, and 60 days post-ovulation). Furthermore, the canine
reproductive cycle is characterised by a prolonged luteal phase
and physiological diestrus occurs regardless of pregnancy status.
This peculiar endocrine environment may account for the simi-
larities observed between pregnant and non-pregnant animals and
may partially explain the limited statistical differences seen at
later time points.

From a clinical perspective, the early increase in kisspeptin con-
centrations observed in pregnant dogs suggests that kisspeptin may
be an endocrine signal associated with the early stages of pregnancy
in female dogs. Currently, ultrasonography is the earliest reliable
diagnostic tool, enabling pregnancy to be detected from around
19 days post-ovulation. Therefore, if confirmed in larger prospec-
tive studies, measuring circulating kisspeptin levels could help to
improve the monitoring of early pregnancy in reproductive
management.

Ongoing studies involving larger populations of animals are cur-
rently underway to investigate the gestational pattern of serum kiss-
peptin concentrations further and to evaluate the clinical application
of kisspeptin as an early pregnancy biomarker. Given the well-estab-
lished role of kisspeptins as biomarkers of pregnancy-related compli-
cations in humans (50), it is reasonable to hypothesise that circulating
kisspeptin concentrations could also serve as potential indicators of
gestational pathologies in dogs. However, further research is needed
to confirm this.

The present study has several limitations that should be acknowl-
edged. These include the extremely limited sample size, the fact that
only one breed was included, and the relatively wide sampling inter-
vals adopted in the study design. Furthermore, the absence of diag-
nostic performance analyses, such as sensitivity-specificity assessments
or receiver operating characteristic (ROC) curve modelling, means
that the present findings cannot be applied clinically. It should also be
emphasised that only circulating kisspeptin concentrations were
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evaluated, while placental expression and underlying mechanistic
pathways were not investigated. Therefore, the proposed biological
interpretations remain speculative. Future studies integrating molecu-
lar placental investigations with larger, more heterogeneous popula-
tions are essential for better clarifying the physiological significance
and potential clinical relevance of kisspeptins during canine
pregnancy.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding author.

Ethics statement

The animal studies were approved by Ethics Committee of the
Department of Veterinary Medicine and Animal Productions at the
University of Perugia, Italy. The studies were conducted in accordance
with the local legislation and institutional requirements. Written
informed consent was obtained from the owners for the participation
of their animals in this study.

Author contributions

TC: Investigation, Methodology, Writing — original draft. OB:
Methodology, Writing — review & editing. LM: Formal analysis,
Writing - review & editing. GB: Writing - review & editing,
Methodology. AS: Methodology, Writing — review & editing. GR:
Methodology, Writing - review & editing. SCa: Methodology, Writing —
review & editing. VZ: Writing - review & editing, Methodology. MQ:
Methodology, Writing — review & editing. SCr: Writing - review & edit-
ing, Methodology. AP: Conceptualization, Writing — review & editing.
AT: Writing - review & editing, Conceptualization.

References

1. Lee JH, Miele ME, Hicks DJ, Phillips KK, Trent JM, Weissman BE, et al. KiSS-1, a novel
human malignant melanoma metastasis-suppressor gene. J Natl Cancer Inst. (1996)
88:1731-7. doi: 10.1093/jnci/88.23.1731

2. Kotani M, Detheux M, Vandenbogaerde A, Communi D, Vanderwinden JM, Le Poul
E, et al. The metastasis suppressor gene KiSS-1 encodes kisspeptins, the natural ligands
of the orphan G protein-coupled receptor GPR54. ] Biol Chem. (2001) 276:34631-6. doi:
10.1074/jbc.M104847200

3. West A, Vojta PJ, Welch DR, Weissman BE. Chromosome localization and genomic
structure of the KiSS-1 metastasis suppressor gene (KISS1). Genomics. (1998) 54:145-8.
doi: 10.1006/geno.1998.5566

4. Ohtaki T, Shintani Y, Honda S, Matsumoto H, Hori A, Kanehashi K, et al. Metastasis
suppressor gene KiSS-1 encodes peptide ligand of a G-protein-coupled receptor. Nature.
(2001) 411:613-7. doi: 10.1038/35079135

5. de Roux N, Genin E, Carel JC, Matsuda E, Chaussain JL, Milgrom E. Hypogonadotropic
hypogonadism due to loss of function of the KiSS1-derived peptide receptor GPR54. Proc
Natl Acad Sci USA. (2003) 100:10972-6. doi: 10.1073/pnas.1834399100

6. Seminara SB, Messager S, Chatzidaki EE, Thresher RR, Acierno JS Jr, Shagoury JK, et al.
The GPR54 gene as a regulator of puberty. N Engl ] Med. (2003) 349:1614-27. doi:
10.1056/NEJMo0a035322

Frontiers in Veterinary Science

10.3389/fvets.2026.1826654

Funding

The authors declare that financial support was received for the
publication fees of this article. The publication costs were funded by
the University of Messina through the APC initiative.

Acknowledgments

The authors acknowledge support from the University of Messina
through the APC initiative.

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative Al was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

7. Topaloglu AK, Tello JA, Kotan LD, Ozbek MN, Yilmaz MB, Erdogan S, et al.
Inactivating KISS1 mutation and hypogonadotropic hypogonadism. N Engl ] Med. (2012)
366:629-35. doi: 10.1056/NEJMoal111184

8. Guerriero KA, Keen KL, Millar RP, Terasawa E. Developmental changes in GnRH
release in response to kisspeptin agonist and antagonist in female rhesus monkeys
(Macaca mulatta): implication for the mechanism of puberty. Endocrinology. (2012)
153:825-36. doi: 10.1210/en.2011-1565

9. Kauffman AS. Coming of age in the kisspeptin era: sex differences, development, and
puberty. Mol Cell Endocrinol. (2010) 324:51-63. doi: 10.1016/j.mce.2010.01.017

10. Oakley AE, Clifton DK, Steiner RA. Kisspeptin signaling in the brain. Endocr Rev.
(2009) 30:713-43. doi: 10.1210/er.2009-0005

11. Irwig MS, Fraley GS, Smith JT, Acohido BV, Popa SM, Cunningham M], et al.
Kisspeptin activation of gonadotropin releasing hormone neurons and regulation of
KiSS-1 mRNA in the male rat. Neuroendocrinology. (2004) 80:264-72. doi:
10.1159/000083140

12. Teles MG, Bianco SD, Brito VN, Trarbach EB, Kuohung W, Xu S, et al. A GPR54-
activating mutation in a patient with central precocious puberty. N Engl ] Med. (2008)
358:709-15. doi: 10.1056/NEJMoa073443

frontiersin.org


https://doi.org/10.3389/fvets.2026.1826654
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1093/jnci/88.23.1731
https://doi.org/10.1074/jbc.M104847200
https://doi.org/10.1006/geno.1998.5566
https://doi.org/10.1038/35079135
https://doi.org/10.1073/pnas.1834399100
https://doi.org/10.1056/NEJMoa035322
https://doi.org/10.1056/NEJMoa1111184
https://doi.org/10.1210/en.2011-1565
https://doi.org/10.1016/j.mce.2010.01.017
https://doi.org/10.1210/er.2009-0005
https://doi.org/10.1159/000083140
https://doi.org/10.1056/NEJMoa073443

Coppola et al.

13. Castellano JM, Gaytan M, Roa ], Vigo E, Navarro VM, Bellido C, et al. Expression of
KiSS-1 in rat ovary: putative local regulator of ovulation? Endocrinology. (2006)
147:4852-62. doi: 10.1210/en.2006-0117

14. Terao Y, Kumano S, Takatsu Y, Hattori M, Nishimura A, Ohtaki T, et al. Expression
of KiSS-1, a metastasis suppressor gene, in trophoblast giant cells of the rat placenta.
Biochim Biophys Acta. (2004) 1678:102-10. doi: 10.1016/j.bbaexp.2004.02.005

15. Laoharatchatathanin T, Terashima R, Yonezawa T, Kurusu S, Kawaminami M.
Augmentation of metastin/kisspeptin mRNA expression by the proestrous luteinizing
hormone surge in granulosa cells of rats: implications for luteinization. Biol Reprod.
(2015) 93:15. doi: 10.1095/biolreprod.115.127902

16. Zhou Q, Chen H, Yang S, Li Y, Wang B, Chen Y, et al. High-fat diet decreases the
expression of Kiss1 mRNA and kisspeptin in the ovary, and increases ovulatory dysfunc-
tion in postpubertal female rats. Reprod Biol Endocrinol. (2014) 12:127. doi:
10.1186/1477-7827-12-127

17. Peng J, Tang M, Zhang BP, Zhang P, Zhong T, Zong T, et al. Kisspeptin stimulates pro-
gesterone secretion via the ERK1/2 mitogen-activated protein kinase signaling pathway in
rat luteal cells. Fertil Steril. (2013) 99:1436-1443.e1. doi: 10.1016/j.fertnstert.2012.12.008

18. Fernandois D, Na E, Cuevas F, Cruz G, Lara HE, Paredes AH. Kisspeptin is involved
in ovarian follicular development during aging in rats. ] Endocrinol. (2016) 228:161-70.
doi: 10.1530/JOE-15-0429

19. Ricu MA, Ramirez VD, Paredes AH, Lara HE. Evidence for a celiac ganglion-ovarian
kisspeptin neural network in the rat: intraovarian anti-kisspeptin delays vaginal opening
and alters estrous cyclicity. Endocrinology. (2012) 153:4966-77. doi: 10.1210/en.2012-1279

20. Merhi Z, Thornton K, Bonney E, Cipolla M]J, Charron MJ, Buyuk E. Ovarian kiss-
peptin expression is related to age and to monocyte chemoattractant protein-1. J Assist
Reprod Genet. (2016) 33:535-43. doi: 10.1007/s10815-016-0672-x

21. Hsu MC, WangJY, Lee Y], Jong DS, Tsui KH, Chiu CH. Kisspeptin modulates fertiliza-
tion capacity of mouse spermatozoa. Reproduction. (2014) 147:835-45. doi: 10.1530/
REP-13-0368

22. Dorfman MD, Garcia-Rudaz C, Alderman Z, Kerr B, Lomniczi A, Dissen GA, et al.
Loss of Ntrk2/Kiss1r signaling in oocytes causes premature ovarian failure. Endocrinology.
(2014) 155:3098-111. doi: 10.1210/en.2014-1111

23. Gaytan F, Gaytan M, Castellano JM, Romero M, Roa ], Aparicio B, et al. KiSS-1 in the
mammalian ovary: distribution of kisspeptin in human and marmoset and alterations in
KiSS-1 mRNA levels in a rat model of ovulatory dysfunction. Am J Physiol Endocrinol
Metab. (2009) 296:E520-31. doi: 10.1152/ajpendo.90895.2008

24. Cejudo Roman A, Pinto FM, Dorta I, Almeida TA, Hernandez M, Illanes M, et al.
Analysis of the expression of neurokinin B, kisspeptin, and their cognate receptors NK3R
and KISSIR in the human female genital tract. Fertil Steril. (2012) 97:1213-9. doi:
10.1016/j.fertnstert.2012.02.021

25. Cielesh ME, McGrath BM, Scott CJ, Norman ST, Stephen CP. The localization of
kisspeptin and kisspeptin receptor in the canine ovary during different stages of the repro-
ductive cycle. Reprod Domest Anim. (2017) 52:24-8. doi: 10.1111/rda.12841

26. Saadeldin IM, Koo OJ, Kang JT, Kwon DK, Park SJ, Kim SJ, et al. Paradoxical effects of
kisspeptin: it enhances oocyte in vitro maturation but has an adverse impact on hatched
blastocysts during in vitro culture. Reprod Fertil Dev. (2012) 24:656-68. doi:
10.1071/RD11118

27. Mondal M, Baruah KK, Prakash BS. Determination of plasma kisspeptin concentra-
tions during reproductive cycle and different phases of pregnancy in crossbred cows using
bovine specific enzyme immunoassay. Gen Comp Endocrinol. (2015) 224:168-75. doi:
10.1016/j.ygcen.2015.08.014

28. Mondal M, Karunakaran M, Baruah KK. Development and validation of a sensitive
enzyme immunoassay for determination of plasma metastin in mithun (Bos frontalis). ]
Immunoassay Immunochem. (2016) 37:201-16. doi: 10.1080/15321819.2015.1120745

29. Tanyapanyachon P, Amelkina O, Chatdarong K. The expression of kisspeptin and its
receptor in the domestic cat ovary and uterus in different stages of the ovarian cycle.
Theriogenology. (2018) 117:40-8. doi: 10.1016/j.theriogenology.2018.05.019

30. Santos LC, Dos Anjos Cordeiro JM, Santana LDS, Barbosa EM, Santos BR, da Silva
TQM, et al. Expression profile of the kisspeptin/Kiss1r system and angiogenic and immu-
nological mediators in the ovary of cyclic and pregnant cats. Domest Anim Endocrinol.
(2022) 78:106650. doi: 10.1016/j.domaniend.2021.106650

Frontiers in Veterinary Science

06

10.3389/fvets.2026.1826654

31. Hu KL, Chang HM, Zhao HC, Yu Y, Li R, Qiao J. Potential roles for the kisspeptin/
kisspeptin receptor system in implantation and placentation. Hum Reprod Update. (2019)
25:326-43. doi: 10.1093/humupd/dmy046

32. Schifer-Somi S, Ay SS, Kaya D, S6zmen M, Beceriklisoy HB, Agaoglu AR, et al.
Kisspeptin-10 and the G protein-coupled receptor 54 are differentially expressed in the
canine pregnant uterus and trophoblast cells. Reprod Domest Anim. (2017) 52:123-9. doi:
10.1111/rda.12818

33. Oride A, Kanasaki H, Mijiddorj T, Sukhbaatar U, Yamada T, Kyo S. Expression and
regulation of pituitary adenylate cyclase-activating polypeptide in rat placental cells.
Reprod Sci. (2016) 23:1080-6. doi: 10.1177/1933719116630421

34. Martino NA, Rizzo A, Pizzi F, DellAquila ME, Sciorsci RL. Effects of kisspeptin-10
on in vitro proliferation and kisspeptin receptor expression in primary epithelial cell
cultures isolated from bovine placental cotyledons of fetuses at the first trimester of preg-
nancy. Theriogenology. (2015) 83:978-987.el. doi: 10.1016/j.theriogenology.2014.11.033

35. Maynard SE, Ananth Karumanchi S. Angiogenic factors and preeclampsia. Semin
Nephrol. (2011) 31:33-46. doi: 10.1016/52210-7789(10)60068-2

36. Thadhani R, Mutter WP, Wolf M, Levine R], Taylor RN, Sukhatme VP, et al. First
trimester placental growth factor and soluble fms-like tyrosine kinase 1 and risk for pre-
eclampsia. ] Clin Endocrinol Metab. (2004) 89:770-5. doi: 10.1210/jc.2003-031244

37. Levine R], Maynard SE, Qian C, Lim KH, England LJ, Yu KF, et al. Circulating angio-
genic factors and the risk of preeclampsia. N Engl ] Med. (2004) 350:672-83. doi: 10.1056/
NEJMoa031884

38. Williams Z. Inducing tolerance to pregnancy. N Engl ] Med. (2012) 367:1159-61. doi:
10.1056/NEJMcibr1207279

39. Horikoshi Y, Matsumoto H, Takatsu Y, Ohtaki T, Kitada C, Usuki S, et al. Dramatic
elevation of plasma metastin concentrations in human pregnancy: metastin as a novel
placenta-derived hormone in humans. J Clin Endocrinol Metab. (2003) 88:914-9. doi:
10.1210/j¢.2002-021235

40. Rizzo A, Maresca L, Ceci E, Guaricci A, Sciorsci RL. Kisspeptin-10 and gonadotropin
inhibiting hormone during pregnancy in dairy cows. Vet Ital. (2022) 58:111-6. doi:
10.12834/Vetlt.2216.15160.1

41. Wright PJ. Application of vaginal cytology and plasma progesterone determinations
to the management of reproduction in the bitch. J Small Anim Pract. (1990) 31:335-40.
doi: 10.1111/j.1748-5827.1990.tb00824.x

42. Johnston SD, Root Kustritz MV, Olson PNS. "The canine estrous cycle". In: Canine
and Feline Theriogenology. Philadelphia: WB Saunders (2001). p. 16-31.

43. Michel E, Spérri M, Ohlerth S, Reichler IM. Prediction of parturition date in the
bitch and queen. Reprod Domest Anim. (2011) 46:926-32. doi:
10.1111/j.1439-0531.2011.01763.x

44. Brugger N, Otzdorff C, Walter B, Hoffmann B, Braun J. Quantitative determination
of progesterone (P4) in canine blood serum using an enzyme-linked fluorescence assay.
Reprod Domest Anim. (2011) 46:870-3. doi: 10.1111/§.1439-0531.2011.01757.x

45. Johnston SD, Root Kustritz MV, Olson PNS. Canine and Feline Theriogenology.
Philadelphia: WB Saunders (2001).

46. Uenoyama Y, Inoue N, Maeda KI, Tsukamura H. The roles of kisspeptin in the mecha-
nism underlying reproductive functions in mammals. J Reprod Dev. (2018) 64:469-76.
doi: 10.1262/jrd.2018-110

47. Gorbunova OL, Shirshev SV. The role of kisspeptin in immune tolerance formation
during pregnancy. Dokl Biol Sci. (2014) 457:258-60. doi: 10.1134/50012496614040085

48. Gorbunova OL, Shirshev SV. Molecular mechanisms of the regulation by kisspeptin
of the formation and functional activity of Treg and Th17. Biochem (Mosc) Suppl A:
Membr Cell Biol. (2016) 10:180-7. doi: 10.1134/S1990747816020069

49. Shirshev SV, Nekrasova IV, Gorbunova OL, Orlova EG, Maslennikova IL. The effect
of kisspeptin on the functional characteristics of isolated NK cells. Dokl Biol Sci. (2015)
464:267-9. doi: 10.1134/S0012496615050129

50. Tsoutsouki J, Patel B, Comninos AN, Dhillo WS, Abbara A. Kisspeptin in the predic-
tion of pregnancy complications. Front Endocrinol (Lausanne). (2022) 13:942664. doi:
10.3389/fendo.2022.942664

frontiersin.org


https://doi.org/10.3389/fvets.2026.1826654
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1210/en.2006-0117
https://doi.org/10.1016/j.bbaexp.2004.02.005
https://doi.org/10.1095/biolreprod.115.127902
https://doi.org/10.1186/1477-7827-12-127
https://doi.org/10.1016/j.fertnstert.2012.12.008
https://doi.org/10.1530/JOE-15-0429
https://doi.org/10.1210/en.2012-1279
https://doi.org/10.1007/s10815-016-0672-x
https://doi.org/10.1530/REP-13-0368
https://doi.org/10.1530/REP-13-0368
https://doi.org/10.1210/en.2014-1111
https://doi.org/10.1152/ajpendo.90895.2008
https://doi.org/10.1016/j.fertnstert.2012.02.021
https://doi.org/10.1111/rda.12841
https://doi.org/10.1071/RD11118
https://doi.org/10.1016/j.ygcen.2015.08.014
https://doi.org/10.1080/15321819.2015.1120745
https://doi.org/10.1016/j.theriogenology.2018.05.019
https://doi.org/10.1016/j.domaniend.2021.106650
https://doi.org/10.1093/humupd/dmy046
https://doi.org/10.1111/rda.12818
https://doi.org/10.1177/1933719116630421
https://doi.org/10.1016/j.theriogenology.2014.11.033
https://doi.org/10.1016/S2210-7789(10)60068-2
https://doi.org/10.1210/jc.2003-031244
https://doi.org/10.1056/NEJMoa031884
https://doi.org/10.1056/NEJMoa031884
https://doi.org/10.1056/NEJMcibr1207279
https://doi.org/10.1210/jc.2002-021235
https://doi.org/10.12834/VetIt.2216.15160.1
https://doi.org/10.1111/j.1748-5827.1990.tb00824.x
https://doi.org/10.1111/j.1439-0531.2011.01763.x
https://doi.org/10.1111/j.1439-0531.2011.01757.x
https://doi.org/10.1262/jrd.2018-110
https://doi.org/10.1134/S0012496614040085
https://doi.org/10.1134/S1990747816020069
https://doi.org/10.1134/S0012496615050129
https://doi.org/10.3389/fendo.2022.942664

	Serum kisspeptin levels in pregnant and non-pregnant diestrus bitches: a pilot study
	1 Introduction
	2 Materials and methods
	2.1 Ethical approval
	2.2 Animals and study design
	2.3 Sample collection and reproductive monitoring
	2.4 Hormonal assays
	2.5 Statistical analysis

	3 Results
	4 Discussion

	Acknowledgments
	References

