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A B S T R A C T

Because of the need to improve the knowledge about canine perinatology, and given the major role of fetal fluids
in sustaining the course of pregnancy and fetal development, an in-depth analysis to better understand the role
of some hormones in these compartments is essential. Among all, leptin is recognized to play a key role not only
on the energetic homeostasis, but also at multiple levels, influencing the control of reproduction, food assump-
tion and metabolism. Even if in humans and other species it is reported the presence of leptin receptors during
fetal development, very little is known about the canine species, in which the role of leptin still needs to be fully
understood. The present study aimed to assess the amniotic fluid leptin (AFL) concentrations at term pregnancy
in healthy dogs, and to evaluate the possible influence played by breed body-size (after assessment of correla-
tion with maternal bodyweight and placental weight), or other maternal (age, parity, and the so-called “litter
effect”) and neonatal (gender, birth weight, litter size) parameters on AFL concentrations, analyzed by ELISA
test. The study was performed on 90 healthy, viable and normal weighted puppies, 39 small-sized (adult body
weight < 10 kg) and 51 large-sized (adult body weight > 25 kg), born by 29 purebred, healthy bitches, submit-
ted to elective Caesarean section because of breed-related or individual high risk for dystocia. The results showed
that the mean AFL concentration in the small-sized puppies was significantly (p < 0.05) higher in comparison to
large-sized puppies (867.48 vs 698.42 pg/ml), while all the other studied parameters did not show to influence
AFL concentrations. In conclusions, the present study showed significant higher at term AFL concentrations in
small-sized as compared to large-sized breeds, suggesting an influence of breed body-size on fetal metabolism, as
previously reported for NEFA and IGF-I.

© 2020

1. Introduction

The study of canine perinatology has recently raised increased in-
terest under a two-fold perspective: on one hand there is the need to
deepen the knowledge about the canine perinatal physiology, on the
other hand the availability of reference physiologic data is necessary
for the further detection of possible markers for the diagnosis of dis-
eases or abnormalities. One of the limitations to the study of canine
perinatology is addressed to the difficulty to perform biological samples
collection before and even after birth. This limitation represents also
a concern from an animal welfare standpoint, especially when blood
sampling is considered. Moreover, in dogs, although amniocentesis can
be used to collect amniotic fluids in late pregnancy, it was reported
that it could be difficult to achieve, because puncturing the amniotic
sac is possible if the bitch stays calm and in a dorsal recumbent po-
sition [1]. However, several studies demonstrated that, in dogs, amni
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otic fluid could be safely collected during Caesarean section to define
the fetal fluid composition at the time of birth, providing information
about the normal composition [2–5] and preliminary results on differ-
ences in pathological newborns [4,5].

Among the study performed on canine fetal fluids composition [2],
investigated the IGF-I and NEFA fetal fluids concentrations, and reported
a breed body-size association between lower IGF-I and higher NEFA con-
centrations in small-as compared to large-sized breeds, raising the ques-
tion about the possible influence of breed-size on some metabolic amni-
otic components in dogs.

Beside IGF-I and NEFA, also leptin plays a key role in the ener-
getic homeostasis. Leptin, is a protein mainly produced by white adi-
pose tissue [6] with lesser quantities produced also from other tissues,
that acts at multiple levels with pleiotropic roles in the control of repro-
duction, food assumption, energy expenditure, and metabolism [7,8].
The role of leptin in the fetus did not receive an extensive investiga-
tion, although some studies described the role of leptin, or the pres-
ence for leptin receptors, in different organs in humans and some ani-
mals, but not in the dog, during fetal development [9–11]. Leptin was
also reported to be involved in the process of growth and development,

https://doi.org/10.1016/j.theriogenology.2020.03.021
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so that alterations in leptin were reported to be considered as indications
of disease risk [12]. Canine leptin plasma concentrations have been in-
vestigated by Ishioka et al. [13], in relation to body condition score, age,
gender and breed. Those authors found a positive correlation between
plasma leptin concentrations and body condition score, but no effects
of age, gender and breed, demonstrating the role of leptin as a marker
for adiposity in dogs. Leptin secretion is modified in obese women and
overweight pregnant bitches were reported to be more prone to dysto-
cia [14]. Recently [15], leptin circulating concentrations have been de-
scribed along dog pregnancy and lactation, highlighting a first increase
from 0 to 45 days of pregnancy, with further decrease at 60 days of preg-
nancy and a subsequent increase in the two months of lactation. Balogh
et al. [16] studied the gene expression of leptin and leptin receptors in
the uterus and placenta of bitches at different stages of pregnancy, and
concluded that, in the canine species, the uterus and placenta are source
for leptin production but also target organs of its autocrine/paracrine
actions [16].

To the authors knowledge no studies on canine amniotic leptin con-
centrations have been, so far, reported. However, amniotic fluid lep-
tin was investigated in other species. In humans, amniotic fluid leptin
concentrations were reported to originate by amniotic cells, but also
from fetal adipose tissue and subsequent transfer to the fetal circula-
tion [17,18]. The maternal concurrence to amniotic fluid leptin con-
centrations is considered scarce in humans, because of its high molecu-
lar weight, and the consequent process of leptin compartmentalization
[17,19]. When the association between amniotic fluid leptin concentra-
tions and some fetal and maternal parameters have been investigated
in humans, mid trimester amniotic fluid leptin levels resulted positively
correlated to maternal body mass index, and negatively correlated to
parity [19], while no associations were found between amniotic fluid
leptin concentrations and placental or birth weights, maternal age, eth-
nicity, fetal gender and pregnancy outcome [19].

Previous studies showed associations of some amniotic fluid bio-
chemical parameters [5] and amniotic fluid IGF-I and NEFA [2] with ca-
nine breed body-size, suggesting that breed body-size could have an in-
fluence on homeostasis. Aware that many parameters can specifically in-
fluence the energetic homeostasis, the present study focused on the mea-
surement of amniotic leptin concentrations in non-obese dogs belonging
to different body-size, in order to provide an additional, although lim-
ited, information about the complex contribution to energetic homeosta-
sis in canine fetuses/neonates. Because of the reported possible impact
played by other parameters on amniotic leptin concentrations, beside
the effect of breed body-size, the possible effect of some other maternal
(age, parity, and the so-called “litter effect”) and neonatal (gender, birth
weight, litter size) on amniotic leptin concentrations was also assessed.
The “litter effect” is considered as a possible parameter referring varia-
tion among litters: (i.e. differences between puppies belonging to differ-
ent bitches).

2. Material and methods

2.1. Animals

The study was performed on 29 purebred, healthy bitches, aged 2–7
years, 8 primiparous and 21 pluriparous (2–5 parturitions). According
to breed body-size, 15 bitches were small-sized (body weight <10 kg)
(7 Chihuahua, 4 Spitz, 2 Miniature Bull Terrier, 1 Maltese, and 1 Boule-
dogue Francaise), and 14 were large-sized (body weight >25 kg) (4
Maremma, 2 Bernese Mountain, 2 Labrador Retriever, 2 German Shep-
herd, 2 Newfoundland, 1 Hovawart, and 1 Saint Bernard).

All the bitches were healthy, regularly vaccinated and dewormed.
They showed a pre-pregnancy body condition score of 3/5, and were
fed twice-a-day during pregnancy with a commercial diet for dogs,
meeting the metabolic energy needs on the base of the nutritional
guide-lines recommendations for dogs and cats. The amount of

food was calculated for each bitch, on the base of breed body-size and
body weight, and modified along pregnancy according to the number
of fetuses. Food assumption was regularly checked twice-a-day along
the entire pregnancy. At the end of pregnancy, none of the bitches
showed body weight increases exceeding 30% of the pre-pregnancy
body weight, so that all of them were considered as non-obese dogs.

They were clinically monitored from the time of mating/artificial in-
semination, along pregnancy, until whelping. Considering the breed-re-
lated or individual high risk for dystocia, all the bitches were submitted
to elective Caesarean section at the estimated date of parturition, for the
health of mothers and puppies. The date of parturition was calculated
according to previous reports [2–5], taking in consideration the blood
progesterone concentrations at the sole mating/AI, the embryonic/fetal
biometry, the clinical and ultrasonographic maternal and fetal monitor-
ing at term, and the blood progesterone concentrations at impending
parturition. Caesarean section was performed using an anesthesia pro-
tocol, aimed to minimize the possible side-effects on newborn puppies’
viability, as previously reported by Ref. [2].

Two expert neonatologists took care of the puppies immediately af-
ter uterine extraction, providing first assistance and evaluating neonatal
viability by measuring the Apgar score within 5 min after birth [20], as-
sessing the absence of gross malformations or physical defects, record-
ing newborn gender and measuring birth weight before nursing. Birth
weights within the breed reference range reported by the Italian Kennel
Club (Ente Nazionale della Cinofilia Italiana) were considered as nor-
mal. According to Veronesi et al. [20], only normal viable (Apgar score
≥7), and normal weighed newborns were considered. Individual placen-
tae were weighted according to Ref. [21].

Before surgery the owners signed an informed consent to allow anes-
thesia and surgery, but also to specifically allow the collection of amni-
otic fluid and its use for research purposes.

2.2. Amniotic fluids collection

At fetal extraction, one person was dedicated to amniotic fluid col-
lection from each amniotic sac, as previously reported [2]. Individual
amniotic fluid samples were immediately centrifuged at room tempera-
ture at 1000×g for 10 min, and the supernatant placed in plastic vials
and frozen at −20 °C until leptin analysis.

2.3. Leptin amniotic fluid analysis

At the time of analysis, amniotic fluids were centrifuged for 15 min
at 1000×g to remove debris.

The concentration of leptin in the amniotic fluid samples was ana-
lyzed by competitive canine leptin ELISA kit (MyBioSource, San Diego,
USA) utilizing a polyclonal anti-leptin antibody and a leptin-HRP con-
jugate. The ELISA was performed according to manufacturer's instruc-
tions. The sensitivity of the leptin ELISA was 0.1 ng/ml. The intra-assay
and inter-assay coefficients of variation were <10% and <10%, respec-
tively. The relationships among amniotic fluid sample and the standard
curve, determined through linear regressions, was linear with correla-
tion coefficients of r = 0.99. The empirical regression line is given by
the equation y = 0.79 + 1.01x.

2.4. Statistical analysis

Firstly, we calculate two regression functions, between maternal
body weight and breed body-size and between placental weight and
breed body-size, respectively, in order to corroborate the choice of breed
body-size as bitches grouping factor. Since the breed body-size is a
qualitative covariate, it was incorporated into the regression using a
dummy variable X (i.e. X = 0 for the large breed body-size and X = 1
for the small breed body-size). Then, we interpreted the coefficient
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of determination R squared, which ranges from 0 to 1 with values closer
to 1 indicating a better fit to the regression model. Moreover, con-
sider that in case of a simple linear regression R squared corresponds
to the squared Pearson correlation coefficient. Afterwards, in order to
verify if there was a difference in the amniotic fluid leptin concentra-
tions in dependence of a breed body-size, a welch-test was conducted
for small-sized against large-sized dogs, under assumption of normality
and of heteroscedasticity (i.e., different variances in the two groups) of
the leptin concentrations. We can easily assume data normality due to
the central limit theorem and the fact that our samples, containing more
than 30 puppies, can therefore be considered large (rule of thumb). Vari-
ance heterogeneity may occur naturally; tests allowing heterogeneity are
more robust and should be used in routine. Statistical significance was
set as usual at p < 0.05.

To assess if other parameters could also be responsible for the am-
niotic fluid leptin concentrations, a linear mixed model was fit for it,
in dependence not only of the breed body-size but also of other mater-
nal (age, parity, “litter effect”) and neonatal (gender, birth weight, lit-
ter-size) parameters.

All analyses were made by R (version 3.6.0) as reproducible report
by the R package Knitr and could be made available upon request.

3. Results

3.1. Clinical findings and bitches grouping

A total of 90 healthy, viable and normal weighted puppies, 39
small-sized and 51 large-sized, were born; litter size ranged between 1
and 5 in small-sized bitches, and between 1 and 8 in the large-sized
ones. Based on gender, 40 puppies (44%) were females, and 50 (56%)
were males. Mean ± SD birth weight was 191 ± 77.57 g in the
small-sized, and 583 ± 132.83 g in the large-sized newborns.

In small-sized bitches the mean ± SD maternal body weight was
5.02 ± 2.93 kg (range: 2–9.3 kg), while in large-sized bitches it was
44.0 ± 10.46 kg (range: 29–62 kg). Mean ± SD placental weight in
small-sized bitches was 25.3 ± 7.26 g (range: 19.1–45.8 g), while in
large-sized bitches it was 64.3 ± 10.34 g (range: 47.7–80 g). The sta-
tistical analysis showed a strong correlation between maternal body
weight and breed body-size (Rsquared = 0.85, p < 0.001), as well as
of placental weight and breed body-size (Rsquared = 0.76, p < 0.001),
corroborating the usefulness of breed body-size for bitches grouping,
thanks to its easier and more practical recording in comparison to body
weight and/or placental weight measurement.

3.2. Amniotic fluid leptin concentrations

The distribution of leptin amniotic fluid concentrations in the 39
small- and in the 51 large-sized puppies is reported in Fig. 1.

The mean amniotic fluid leptin concentrations was 867.48 pg/ml in
the small-sized puppies and 698.42 pg/ml in the large-sized newborns,
with standard deviations of 209.32 pg/ml and 161.71 pg/ml, respec-
tively. Correspondingly, the 95% confidence interval was
pg/ml in the small-sized puppies and pg/ml in the
large-sized newborns. According to the welch-test, this is a significantly
different concentrations (p < 0.05).

On the other side, the fitted mixed model for amniotic fluid leptin
concentrations in dependence of other parameters did not show signif-
icant influence played by any of the other maternal (age, parity, “litter
effect”) and neonatal parameters (newborn gender, birth weight, and lit-
ter size).

4. Discussion

This study showed that leptin is detectable in canine amniotic fluid
collected at term of pregnancy, with concentrations very similar to
those reported in humans by > 33 weeks of gestation (median

Fig. 1. Distribution of leptin amniotic fluid concentrations in the 39 small- and in the 51
large-sized puppies rendered by boxplots. Each point represents one puppy.

value: 519 pg/ml, range: 380–761 pg/ml) [22]. Based on a previous
study in which differences between small- and large-sized canine breeds
in IGF-I and NEFA amniotic fluid concentrations were reported [2], the
present study investigated the possible influence of breed body-size on
leptin amniotic fluid concentrations, as a result of the role of canine
breed body size on metabolic hormone concentrations in amniotic fluid
collected at term of pregnancy. Thanks to the strong correlation between
breed body-size and bitches body weight and placental weight, breed
body size was demonstrated to be a useful parameter to assess the ef-
fect on leptin amniotic concentrations. Breed body size represent a more
practical and easier to be recorded parameter instead of measuring ma-
ternal body weight and placental body weight, under normal conditions.

The dog is a unique species in which hundreds of different breeds
are included, with body size ranging between the smallest Chihuahua
(body weight max 3 kg), to the largest Saint Bernard (body weight up
to 120 kg). This implies a diverse metabolism among breed sizes, that
can be displayed at different age or at different physiologic conditions.
A recent study by Cardinali et al. [15], showed a low correlation be-
tween pregnant dogs’ plasma leptin and body weight, but the evalua-
tion of a breed influence was not possible, because all the bitches be-
longed to the same (Bloodhound), large-sized breed. In humans, am-
niotic fluid leptin mid-trimester concentrations were positively corre-
lated to maternal body mass index, and negatively correlated to mater-
nal parity, but not related to fetal gender, birth weight or pregnancy
outcome [19]. In the present study, leptin amniotic fluid concentrations
measured at term pregnancy were not significantly influenced by mater-
nal age, parity, “litter effect”, fetal gender, birth weight, and litter size.
The different result concerning the influence of maternal parity in hu-
mans, as compared to dogs, may be related to the different character-
istics of the placenta in the two species. Unfortunately, a comparison
with similar studies on dogs is not possible, also considering leptin ma-
ternal plasma concentrations. In fact, in the study from Cardinali et al.
[15], the possible effect of parity on leptin maternal plasma concentra-
tions was not assessed. It is clear that a weakness of the present study
is the lacking of maternal blood leptin concentrations measurement at
parturition. In fact, although the bitches were vein cannulated for anes-
thesia, most of the owners, especially those of small-sized bitches, did
not allow for blood sampling for research purposes. Measuring mater
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nal blood leptin concentrations at the time of parturition would be in-
teresting to evaluate the possible correlation between maternal and off-
spring leptin concentrations.

Similar to what reported in humans, also in dogs it could be interest-
ing to investigate the gestational age-related changes in amniotic fluid
leptin concentrations, even if, as stated before, amniocentesis remains
a procedure that could be difficult to achieve. However, Balogh et al.
[16] reported the different expression of leptin and leptin receptors in
the canine uterus and placenta during different stages of pregnancy, and
suggested the possible regulatory role of leptin around the time of par-
turition.

It is interesting to note the absence of significant associations be-
tween amniotic fluid leptin concentrations and puppy's birth weight. In
fact, although the mean birth weight was different between small- and
large-sized breed's puppies, amniotic fluid leptin concentrations were
not significantly influenced by birth weight. It must be highlighted that,
in all the puppies, the birth weight was in the normal ranges reported
for the breed, and no under- or over-weighted newborns were born. In
humans, the relation between higher leptin concentrations in maternal
serum, fetal serum, amniotic fluid or placenta, and growth perturbation,
have been reported, even if it was suggested that the leptin levels in
different biological specimens could represent diverse markers for inter-
connected, but different, process of development along pregnancy [22].
Some authors found a positive correlation between cord blood leptin
concentrations and body weight in all the human neonates studied [23]
or only in the prematures [24], but others [22] did not find an associa-
tion between amniotic fluid leptin concentrations and birth weight, with
amniotic fluid leptin concentrations only marginally higher in small for
gestational age newborns.

Some authors [25] reported higher human amniotic fluid leptin con-
centrations in female than in male fetuses, suggesting a possible sexual
dimorphism as an additional regulatory growth mechanism. However,
similar to the present study results, other authors did not find significant
differences in human amniotic fluid [22] and in cord blood [26,27] lep-
tin concentrations between females and males, arising the doubt about
a different, gender-related, body fat amount in newborns.

It was interesting to note that the “litter-effect”, did not show to in-
fluence amniotic leptin concentrations, suggesting that the differences
among litters in amniotic fluid leptin concentrations unlikely could con-
cur to explain the wide standard deviations found in the present study.

5. Conclusions

In conclusions the present study showed that leptin is detectable in
canine amniotic fluids collected at term, from healthy purebred puppies,
born by non-obese bitches. Significant higher concentrations were de-
tected in small-sized as compared to large-sized breeds, suggesting an
influence of breed body-size on fetal metabolism.

Funding

The study was supported by the LINEA2CVERO_2017_AZB.

CRediT authorship contribution statement

M.C. Veronesi: Conceptualization, Funding acquisition, Project ad-
ministration, Writing - original draft. J. Fusi: Data curation, Visualiza-
tion. A. Comin: Methodology. P.G. Ferrario: Software, Formal analysis.
B. Bolis: Investigation. A. Prandi: Supervision, Resources, Validation,
Writing - review & editing.

Declaration of competing interest

None.

References

[1] T Bonte, A Del Carro, J Paquette, A Charlot Valdieu, S Buff, E Rosset Foetal
pulmonary maturity in dogs: estimated from bubble tests in amniotic fluid
obtained via amniocentesis. Reprod Domest Anim 2017;52:1025–1029.

[2] T Meloni, A Comin, A Rota, T Peric, A Contri, M C Veronesi IGF-I and NEFA
concentrations in fetal fluids of term pregnancy dogs. Theriogenology
2014;8:1307–1311.

[3] P Dall’Ara, T Meloni, A Rota, F Servida, J Filipe, M C Veronesi
Immunoglobulins G and lysozyme concentrations in canine fetal fluids at term
of pregnancy. Theriogenology 2015;83:766–771.

[4] B Bolis, A Prandi, A Rota, M Faustini, M C Veronesi Cortisol fetal fluids
concentrations in term pregnancy small-sized purebred dogs and preliminary
relation to newborn first 24 hours survival. Theriogenology 2017;88:264–269.

[5] M C Veronesi, B Bolis, M Faustini, A Rota, A Mollo Biochemical composition of
fetal fluids in at term, normal developed, healthy, viable dogs and preliminary
data from pathologic littermates. Theriogenology 2018;108:277–283.

[6] D Kielar, J S Clark, A Ciechanowicz, G Kurzawski, T Sulikowski, M Naruszewicz
Leptin receptor isoforms expressed in human adipose tissue. Metabolism
1998;47:844–847.

[7] Y Zhang, R Proenca, M Maffei, M Barone, L Leopold, J M Friedman Positional
cloning of the mouse obese gene and its human homologue. Nature
1994;372:425–432.

[8] S Blüher, C S Mantzoros Leptin in reproduction. Curr Opin Endocrinol Diabetes
Obes 2007;14:458–464.

[9] N Hoggard, L Hunter, J S Duncan, L M Williams, P Trayhurn, J G Mercer Leptin
and leptin receptor mRNA and protein expression in the murine fetus and
placenta. Proc Natl Acad Sci USA 1997;94:11073–11078.

[10] H Masuzaki, Y Ogawa, N Sagawa, K Hosoda, T Matsumoto, H Mise, et al.
Nonadipose tissue production of leptin: leptin as a novel placenta-derived
hormone in humans. Nat Med 1997;3:1029–1033.

[11] J A Amico, A Thomas, R S Crowley, L A Burmeister Concentrations of leptin in
the serum of pregnant, lactating, and cycling rats and of leptin messenger
ribonucleic acid in rat placental tissue. Life Sci 1998;63:1387–1395.

[12] J F Briffa, A J McAinch, T Romano, M E Wlodek, D H Hryciw Leptin in
pregnancy and development: a contributor to adulthood disease? Am J Physiol
Endocrinol Metab 2015;308:E335–E350.

[13] K Ishioka, K Hosoya, H Kitagawa, H Shibata, T Honjoh, K Kimura, et al. Plasma
leptin concentration in dogs: effects of body condition score, age, gender and
breeds. Res Vet Sci 2007;82:11–15.

[14] E Fontaine Food intake and nutrition during pregnancy, lactation and weaning
in the dam and offspring. Reprod Domest Anim 2012;47:326–330.

[15] L Cardinali, A Troisi, J P Verstegen, L Menchetti, A Elad Ngonput, C Boiti, et al.
Serum concentration dynamic of energy homeostasis hormones, leptin, insulin,
thyroid hormones, and cortisol throughout canine pregnancy and lactation.
Theriogenology 2017;97:154–158.

[16] O Balogh, L P Staub, A Gram, A Boos, M P Kowalewski, I M Reichler Leptin in
the canine uterus and placenta: possible implications in pregnancy. Reprod Biol
Endocrinol 2015;13:13.

[17] M E Baardman, J J Erwich, R M Berger, R M Hofstra, W S Kerstjens-Frederikse,
D Lütjohann, et al. The origin of fetal sterols in second-trimester amniotic fluid:
endogenous synthesis or maternal-fetal transport? Am J Obstet Gynecol
2012;207:202. e19-25.

[18] M Herrid, S K Palanisamy, U A Ciller, R Fan, P Moens, N A Smart, et al. An
updated view of leptin on implantation and pregnancy: a review. Physiol Res
2014;63:543–557.

[19] M Predanic, S C Perni, C Jean-Pierre, S S Witkin Analysis of leptin
concentration and a fetal leptin gene polymorphism in mid-trimester amniotic
fluid: association with maternal, fetal and outcome parameters. Am J Obstet
Gynecol 2005;S100. SMFM Abstracts.

[20] M C Veronesi, S Panzani, M Faustini, A Rota An Apgar scoring system for
routine assessment of newborn puppy viability and short-term survival
prognosis. Theriogenology 2009;72:401–407.

[21] M Tesi, V Miragliotta, L Scala, E Aronica, G Lazzarini, D Fanelli, et al.
Relationship between placental characteristics and puppies’ birth weight in toy
and small sized dog breeds. Theriogenology 2020;141:1–8.

[22] M Scott-Finley, J G Woo, M Habli, O Ramos-Gonzales, J F Cnota, Y Wang, et al.
Standardization of amniotic fluid leptin levels and utility in maternal
overweight and fetal undergrowth. J Perinatol 2015;35:547–552.

[23] A A El-Mazary, K A Nasif, G L Abdel-Hakeem, T Sherif, E Farouk, E M
El-Gezawy Adiponectin, leptin and insulin levels at birth and in early postnatal
life in neonates with hypoxic ischemic encephalopathy. J Diabetes Metab
Disord 2015;14:87.

[24] F K Cantürk Correlation of maternal and cord blood leptin concentrations with
neonatal birth weight in term, preterm and growth-restricted fetuses. Ulutas
Med J 2019;5:133–141.

[25] T F Chan, J H Su, Y F Chung, Y H Hsu, Y T Yeh, S S Yuan Elevated amniotic
fluid leptin levels in pregnant women who are destined to develop
preeclampsia. Acta Obstet Gynecol Scand 2006;5:171–174.

[26] C Schubring, W Kiess, P Englaro, W Rascher, J Dötsch, S Hanitsch, et al. Levels
of leptin in maternal serum, amniotic fluid, and arterial and venous cord blood:
relation to neonatal and placental weight. J Clin Endocrinol Metab
1997;82:1480–1483.

[27] M Stefaniak, E Dmoch-Gajzlerska, B Mazurkiewicz, W Gajzlerska-Majewska
Maternal serum and cord blood leptin concentrations in the third trimester of
normal pregnancy. Eur J Med Technol 2019;1:57–65.


	Effect of breed body-size on leptin amniotic fluid concentrations at term pregnancy in dogs
	Keywords
	Abstract
	Introduction
	Material and methods
	Animals
	Amniotic fluids collection
	Leptin amniotic fluid analysis
	Statistical analysis

	Results
	Clinical findings and bitches grouping
	Amniotic fluid leptin concentrations

	Discussion
	Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	References


