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The exhibition of paternal behaviour has been associated with high peripheral
concentrations of oxytocin (OT) and levels of oxytocin receptors (OTRs) in the
paraventricular and supraoptic nuclei of the hypothalamus. The presence of
OTRs in the medial preoptic area (MPOA), bed nucleus of the stria terminalis
(BNST), medial amygdala (MeA), and olfactory bulb (OB) has not been studied
extensively in the paternal context, although these nuclei are essential in the
regulation of paternal behaviour. The aim of this study was to determine whether
there is an association between paternal response of sexually inexperienced
males of the Mongolian gerbils (Meriones unguiculatus) and OT concentrations
in plasma, as well as the presence of OTRs in the mPOA, BNST, MeA, and OB. We
used sexually inexperienced gerbils: ten paternal (PAT) males and 10 males
aggressive with pups (AGG). PAT males and AGG males were subjected to
paternal behaviour tests. Then, blood samples were taken to quantify OT
concentrations. The brains were dissected for OTR immunohistochemistry
analyses. PAT males had significantly higher plasma levels of OT and numbers
of cells with OTR immunoreactivity (ir) in the mPOA/BNST. These results
indicated an association between paternal behaviour and peripheral
concentrations of OT, as well as the presence of OTRs in the mPOA and BNST.
This suggests that OT and OTRs could participate in the regulation of paternal
behaviour in the Mongolian gerbil.
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1 Introduction

In biparental rodents, the father participates significantly in the
care of the pups. Depending on the species, the father displays
crouching over the pups, grooming, pup retrieval and socialisation
(Elwood, 1983; Clutton-Brock, 1991). Paternal care has a positive
influence on the physical development and survival of the pups
(Wuensch, 1985; Cantoni and Brown, 1997; Gubernick and Teferi,
2000). Furthermore, the father’s presence in the postpartum period
impacts on brain development and social behaviours, such as
paternal behaviour (Glasper et al, 2016; Cao et al, 2014;
Fitzsimons and Villadsen, 2019). For example, father’s absence
causes in male offspring a decrease in paternal care when they are
fathers (Jia et al., 2011; Cao et al., 2014).

Neural bases of paternal behaviour have been little analysed
(Lee and Brown, 2002, 2007; Romero-Morales et al., 2018).
However, it has been proposed that subcortical neural circuits
that regulate paternal behaviour are basically the same as those
that regulate maternal behaviour (Numan, 2020). In the laboratory
rat, sensory information from the pups, including olfactory
stimulus is routed through medial amygdala (MeA) toward the
medial preoptic area of the hypothalamus (mPOA) and bed nucleus
of the stria terminalis (BNST). These nuclei facilitate parental
behaviour, mainly mPOA that integrates all the inputs of the
sensory stimuli from the pup, a process influenced by the
hormonal milieu (Horrell et al., 2018).

Hormones, such as prolactin, testosterone, progesterone, and
the neuropeptides vasopressin and oxytocin (OT) have been
implicated in the regulation of paternal behaviour (Lonstein et al.,
2015; Martinez et al., 2015; Bales and Saltzman, 2016; Horrell et al.,
2018; Wang et al., 2018; Martinez et al., 2019; Numan, 2020). OT is
synthesised in the magnocellular neurosecretory cells of the
hypothalamic supraoptic nucleus (SON) and paraventricular
nucleus (PVN). The magnocellular cells project to the posterior
portion of the neurohypophysis, which releases OT into the
bloodstream. OT is involved in the regulation of parturition,
suckling, and other functions (Yoshihara et al, 2018). OT has
also been associated with a variety of prosocial behaviours, such
as establishment of a pair bond in monogamous species and social
memory (Gimpl and Fahrenholz, 2001; Numan and Young, 2016;
Scatliffe et al., 2019). OT and its receptor (OTR) participate in the
regulation of sexual, aggressive, and parental behaviour (Gimpl and
Fahrenholz, 2001; Dumais and Veenema, 2016; Yoshihara et al.,
2018). In the mandarin vole (Microtus mandarinus), males exposed
to the pups have significantly high OT-ir cell in the PVN than
paired males (Song et al, 2010). In this rodent, fathers had a
significantly higher serum concentration of oxytocin than virgin
males (Yuan et al,, 2019). In the California mouse, fathers and
sexually inexperienced spontaneously paternal males had a similar
level of OTR mRNA expression in the mPOA and MeA (Perea-
Rodriguez et al.,, 2015). Levels of OT in plasma and the presence of
OTRs in the mPOA and BNST have not been studied extensively in
the paternal context although these nuclei have an essential
function in the regulation of paternal behaviour (Lonstein et al,
2015; Horrell et al., 2018; Numan, 2020). The MeA and OB were
also analysed because both nuclei are part of positive and negative
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mechanisms that regulate paternal behaviour. We put forward the
hypothesis that the paternal response of sexually inexperienced
gerbils is associated with high peripheral concentrations of OT and
levels of OTRs in neural nuclei that are involved in the regulation of
paternal behaviour. The aim of this study was to determine whether
the paternal response of sexually inexperienced males of the
Mongolian gerbil is associated with high OT concentrations in
plasma, as well as OTR immunoreactivity (ir) in the mPOA, BNST,
MeA, and OB. The Mongolian gerbil is a monogamous species, in
this rodent the male displays paternal behaviour including
crouching over pups, grooming, and sniffing of the pups and
sporadically exhibits retrieval of the pups (Elwood, 1975).

2 Materials and methods

2.1 Animals

In this study, we used virgin male Mongolian gerbils between
180 and 210 days old. The animals were obtained from a colony
established in our Laboratory. The gerbils used in this study were
maintained under an inverted photoperiod of a 12 h:12 h light-dark
cycle, with the onset of light at 18:00 h, at an ambient temperature
between 17 and 21°C. The animals were fed with pellets (Lab Chow
5001, Nutrimentos Purina, Mexico) and ad libitum water. Finely
sliced carrot was also provided once per week. The gerbils were
weaned at 25 to 28 days of age (Elwood, 1975). Two or three males
were housed in a polycarbonate cage (37 x 27 x 15 cm) with
sawdust bedding. They were kept in this condition from weaning
until they were exposed to pups of the same species and screened to
determine whether the males were paternal or aggressive with
unfamiliar pups of the same species. The care that fathers provide
to their pups is similar to that provided by sexually inexperienced
males spontaneously paternal with the pups of their species, so
much so that it has been proposed that these behaviours are
regulated by the same neural circuit (Numan, 2020). The gerbils
were considered paternal when they displayed crouching over pups
and/or grooming and sniffing/contact of the pups (Elwood, 1975).
Aggressive gerbils attack pups by biting and kill them if they are not
removed quickly (Martinez et al., 2015).

2.2 Screening and paternal behaviour tests

Through the screening tests, 10 paternal (PAT) males and 10
males that were aggressive with the pups (AGG) were selected. The
PAT males and AGG males were kept in groups of two or three
individuals per cage until they were subjected to paternal behaviour
tests (second exposure to pups) (Martinez et al., 2015). For the
screening test, each male was placed in a cage with the same
characteristics as the housing cage and clean sawdust bedding.
After 10 min of habituation, two pups aged 1 to 3 days were
introduced, and the male’s behaviour toward the pups was
recorded. When the males exhibited paternal behaviour, the
screening test lasted 5 minutes, but if they attacked the pups, the
test was terminated immediately. Fifty-two sexually inexperienced
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gerbils were subjected to screen tests of paternal behaviour resulting
in 36 (69%) aggressive males with the pups and 16 (31%) paternal
males. Between 15 and 20 days after the screening tests, both PAT
and AGG males were subjected to a paternal behaviour test (second
exposure to pups) using the same method described for screening
tests. When the males were paternal the tests lasted 15 minutes. We
recorded the approach latency (the time that elapsed after the pups
were introduced to the cage until the male contacted one of them).
The time spent crouching over pups, grooming, and sniffing of the
pups was also quantified. However, when they were aggressive with
the pups, only the attack latency (time that elapsed after the pups
were introduced to the cage until the male attacked one of them)
was recorded. All males that displayed paternal or aggressive
behaviour toward the pups in screen tests were persistently
paternal or aggressive during paternal tests. The pups were used
only once in behaviour tests. The behavioural tests were carried out
between 10:00 and 13:00 h during the dark period under red light
illumination. Sessions were videotaped with a high-definition
infrared camera (IR Bullet camera, 2.1 megapixels). A single
observer analysed the videos and was blind to the assigned group.

2.3 Hormone assay

Immediately after of completing the paternal behaviour test, five
PAT and five AGG gerbils were chosen randomly and anesthetised
with 5 mg/kg of xylazine and 60 mg/kg of ketamine through
intramuscular injection (i.m.). Once the gerbils were anesthetised,
blood samples (250 UL) were collected from the retro-orbital sinus
using heparinised capillary tubes, each session took less than one
minute. The other five PAT and five AGG gerbils were anesthetised
with a heavy dose of 10 mg/kg xylazine and 90 mg/kg ketamine i.m.,
after they were perfused as described below. Blood samples were
collected before perfusion using the same procedure described
above. Blood samples were taken between 11:00 and 14:00 h. The
plasma was separated by centrifugation and stored at —40°C. OT
concentrations were quantified by a commercial ELISA kit (Abcam,
UK, ab133050) with a sensitivity of 15 pg/ml, cross effect with AVP
is < 0.02. This kit has already been used in several studies (Yuan
et al,, 2020; Maroun et al., 2020). The intra-assay and inter-assay
coefficients of variation were 10% and 14%, respectively. The results
showed a correlation between the serum dilutions and the standard
curve. The recovery rate for OT was 100% (r = 1.0). The plate was
read in a plate reader (model Multiskan Ascent V1.25 with a filter of
450-nm wavelength; Thermo Electron Corporation).

2.4 OTR immunohistochemistry analysis

Males were perfused through the heart with physiological saline,
followed by 4% paraformaldehyde in sodium phosphate buffer (0.1 M,
pH 7.6). The brain was removed and postfixed for 16 h in the same
solution. The brain tissue was processed and cut into 7-um-thick
coronal sections with a microtome (Leica 820). The neural areas were
located using the Stereotaxic Atlas of the Mongolian gerbil (Loskota
et al,, 1974). The locations of the neural areas were as follows: mPOA
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and BNST, —0.1 mm in image 520; MeA, —0.888 mm in image 590; and
OB, +1.7 mm in image 300. After obtaining sections of the different
neural areas, the samples were placed on gelatinised slides (Nutrient
Gelatine, 70151-500G-F; Sigma-—Aldrich, CA, USA). Each of the
following steps was followed by rinsing in phosphate-buffered saline
(PBS) for 5 min: (1) 10 min of incubation in 3% H,O, in PBS, (2) 20
min of incubation in 5% normal goat serum (Vectastain ABC kit, PK-
4000; Vector Laboratories) in PBS, and (3) 16 h of incubation at 25°C
with a 1:500 dilution of OTR antibody (Bioss antibodies, bs-1314R) in
PBS. After two 5-min rinses in PBS, the sections were incubated with
biotinylated goat antirabbit antibody in PBS for 90 min and rinsed
twice in PBS (Vectastain ABC kit, PK-6102; Vector Laboratories). The
sections were then incubated by 30 min with an avidin-biotin complex
(Vectastain ABC kit, PK-6100; Vector Laboratories), followed by two
additional rinses with PBS. Finally, binding was visualised using 3,3’
—diaminobenzidine as a chromogen (DAB Peroxidase Substrate, SK-
4100; Vector Laboratories). The sections were dehydrated and then
cover-slipped. For negative control sections, incubation with the
primary antibody was omitted. All neural tissues were processed
using the same assay.

2.5 Image analysis

The numbers of OTR-ir cells in the mPOA, BNST, MeA, and
OB were quantified in microphotographs with an area of 180 um2
(18 x 10 um). Microphotographs were taken with a Motic camera
(10 megapixels) attached to a Leica microscope. The quantification
was performed bilaterally in the brains of five PAT males and five
AGG males using four slides for each male. The number of OTR-ir
cells in the mPOA, BNST, MeA, and OB was quantified by a single
observer and was blind to the assigned group.

2.6 Western blotting of OTR antibody
(Bioss antibodies, bs-1314R)

Gerbils with a similar age range to that already mentioned in
this study were subjected to paternal behaviour tests, immediately
after they were anesthetised and perfused intracardially with saline
solution (0.9% NaCl) to wash out the nervous tissue. The brain
tissue was removed and the hypothalamus was dissected and
weighed. Hypothalamus tissues were lysed in ice-cold Pierce
RIPA Buffer (Cat. 89900, Thermo Scientific, Rockford, II, USA)
containing a protease inhibitor cocktail (Cat. 13786, Sigma-
Aldrich). According with Lowry et al., 1951, proteins were
quantified, and the lysates were stored at —70°C until use. The
protein samples were mixed with Laemmli buffer, subjected to 10%
sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-
PAGE), and transferred to polyvinylidene difluoride (PVDEF)
membranes (0.8 mA/cm2, 2 h) in 25 mmol/L Tris buffer, 192
mmol/L glycine and 20% methanol. After blocking nonspecific
binding sites with Tris buffered-saline (TBS) supplemented with
5% BSA, the membranes were incubated overnight at 4°C with
primary antibody for OTR (1:1000 dilution in PBS, bs-1314R, Bioss
Antibodies). Antibody binding was detected using a secondary
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antibody labelled with horseradish peroxidase (HRP) in
conjunction with a commercial chemiluminescence kit (Clarity
Western ECL substrate, Bio-Rad, Hercules, CA, USA) following
the supplier’s instructions. Blot image acquisition was performed
using a C-Digit Blot Scanner (LI-COR Biotechnology, Lincoln, NE,
USA). The protein expression of OTR in the hypothalamus of
aggressive males with the pups and paternal males of Mongolian
gerbils is shown in Figure 1. In this figure, it is observed that bands
for OTR was detected at a molecular weight of about 47 kDa. The
protein levels of OTR in the hypothalamus were more intense in
paternal males compared to aggressive males toward pups.

2.7 Statistical analysis

OT plasma levels were compared using a nonparametric Mann
~Whitney U test since the data were not normally distributed
(Anderson-Darling test, P > 0.05). Likewise, the numbers of
OTR-ir cells in the mPOA, BNST, MeA, and OB were compared

AGG PAT

100 =——

75—

50—

37—

25—

KDa

FIGURE 1

Protein expression of OTR in the hypothalamus of the aggressive
males with the pups (AGG) and paternal males (PAT) of the
Mongolian gerbil.
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between PAT and AGG males using a nonparametric Mann
—Whitney U test due to the nonnormality of the data (Anderson
—Darling test, P > 0.05). Pearson correlations were used to examine
the potential correlations between OT concentrations and the
approach latency and the time spent crouching over, grooming,
and sniffing the pups by PAT males. Likewise, the number of OTR-
ir cells in the mPOA and BNST was correlated with the behavioural
parameters already mentioned. The statistical analyses were
performed using SPSS version 21.0 (IBM SPSS, Armonk, NY).

2.8 Ethical note

All experiments were performed in accordance with the ethical
guidelines of the National Institutes of Health Guide for the Care
and Use of Laboratory Animals (NIH Publication No. 8023) and the
ethical guidelines and technical specifications of the Mexican
Official Norm for the Production, Care and Use of Laboratory
Animals (Sikes and Animal Care and Use Committee of the
American Society of Mammalogists, 2016). The protocol of this
investigation was approved by Comision de Bioética de la Facultad
de Estudios Superiores Iztacala de la Universidad Nacional
Autonoma de Meéxico (Folio 704).

During the paternal behaviour tests four pups were slightly
bitten, and their wounds were treated with gentian violet (1%), after
which they were returned to their parents.

3 Results

3.1 Paternal behaviour, OT concentrations,
and OTR immunoreactivity

All PAT males displayed paternal behaviour, which included
crouching over, grooming, and sniffing of the pups. For AGG males,
only the attack latency was recorded because the pups were removed as
soon as they were attacked (Table 1). The concentrations of OT in
plasma were significantly higher in PAT males than in AGG males (U
=105, P < 0.05, Figure 2). OT concentrations of PAT males are close to
that reported for the male laboratory rat in which it is mentioned that
this is 52.04 + 5.63 pg/ml (Maroun et al., 2020).

The number of OTR-ir cells in the mPOA (U = 40, P < 0.05,
Figures 3, 4) and BNST (U = 40, P < 0.05, Figures 3, 4) was
significantly higher in PAT males than in AGG males. However, the
number of OTR-ir cells in the MeA (U = 27.5, P > 0.05, Figures 3, 4)
and OB (U = 27.5, P > 0.05, Figures 3, 4) was not significantly
different between PAT males and AGG males.

3.2 Correlations of OT concentrations and
OTR-ir cells with paternal activities

OT concentrations were significantly and negatively correlated
with the approach latency (r = -0.85, P < 0.01, n = 10, Figure 5), and
positively correlated with the time spent crouching over pups (r =
0.97,P <0.01, n = 10, Figure 5), grooming them (r = 0.95, P < 0.01, n
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TABLE 1 Behavioural activities recorded in the Mongolian gerbil during exposure to the pups.

Median and range (s)

Crouching

Approach latency over pups

Grooming of
the pups

Sniffing of

the pups Attack latency

PAT males
n=10 48, 33-57 198, 156-213 184, 145-195 45, 15-56 0
AGG males
0 0 0 0 3,1-5
n =10

= 10, Figure 5), and sniffing them (r = 0.93, P < 0.01, n = 10,
Figure 5). The number of OTR-ir cells in the mPOA was
significantly and negatively correlated with the approach latency
(r =-0.83, P < 0.05, n =5, Figure 6), and positively correlated with
the time spent crouching over pups (r = 0.98, P < 0.01, n = 5,
Figure 6), grooming them (r = 0.99, P < 0.01, n =5, Figure 6), and
sniffing them (r = 0.97, P < 0.01, n = 5, Figure 6). The number of
OTR-ir cells in the BNST was also negatively correlated with the
approach latency (r = -0. 70, P < 0.05; n = 5, Figure 6), and positively
correlated with the time that PAT gerbils spent crouching over pups
(r =093, P < 0.05 n = 5, Figure 6), grooming them (r = 0.90,
P <0.05, n =5, Figure 6), and sniffing them (r=0.98, P < 0.01,n =5,
Figure 6). Due to the low number of OTR-ir cells in MeA and OB, it
was not possible to make correlations with paternal activities.

4 Discussion

All the PAT male gerbils displayed grooming and sniffing of the
pups. PAT males also had significantly higher levels of OT in
plasma than AGG males. High concentrations of OT in PAT gerbils
suggest that this neuropeptide could be involved in the regulation of

paternal behaviour of this species. Furthermore, the association
between the display of paternal behaviour and high OT
concentrations can be attributed to paternal responses rather than
to sexual or paternal experience, because sexually inexperienced
gerbils were used in this study. We believe the gerbils that showed
paternal behaviour have higher basal plasma OT concentrations
than aggressive gerbils with the pups. However, this must be tested
in a subsequent study. Regardless of baseline concentrations of OT,
it is possible that interaction with the pups stimulates the central
release of OT and that this causes an increase in plasma OT. Plasma
OT concentration may be a biomarker of the activity of the central
OT system (Neumann and Landgraf, 2012). In prairie voles,
sexually inexperienced males that are exposed to the pups of
same species have higher of OT concentrations in plasma
compared with males that were not exposed to the pups (Kenkel
et al,, 2012). Furthermore, in prairie vole the treatment with an OT
antagonist significantly reduces male parental behaviour and
increases attack behaviour (Bales et al., 2004). In mandarin voles,
new fathers have significantly higher levels of OT in serum than
sexually inexperienced nonpaternal males (Yuan et al., 2019).

In this study, the number of OTR-ir cells in the mPOA and BNST
in PAT males was significantly higher than that in AGG males. The
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FIGURE 2

PAT males had significantly higher OXT levels than AGG males with the pups. Data are presented as medians and quartiles. Letters indicate

significant differences.
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FIGURE 4
Representative photomicrographs showing OXTR-ir cells in the mPOA, BNST, MeA and OB of PAT males and AGG males with the pup, as well as negative
control sections, in which the primary antibody was omitted. 3V, third ventricle; LVm lateral ventricle; opt, optic tract. Coronal sections, scale bars = 100 um.

Frontiers in Ethology 06 frontiersin.org


https://doi.org/10.3389/fetho.2024.1475119
https://www.frontiersin.org/journals/ethology
https://www.frontiersin.org

Romero-Morales et al.

10.3389/fetho.2024.1475119

250
_—"m
. -
200 -
= _ = — —@— Approach latency
@, s /.’ —@—  Crouching
@ - —n Grooming
£ 150+ —a
.~ —~  Sniffing
2
<9
=
g 1004
2
£
— " a
50 a —
x =
A .
i TAA
0, . - : . .
10 20 30 40 50 60

Oxytocin concentration in plasma (pg/ml)

FIGURE 5

OXT concentrations were significantly correlated (P < 0.05, n = 10) with time spent in paternal activities in males PAT (n = 10).

significant presence of OTRs in males that interacted paternally with
unfamiliar pups of their species suggests that this receptor is implicated
in the regulation of paternal behaviour since the mPOA and BNST are
involved in the regulation of parental behaviour (Lonstein et al., 2015;
Horrell et al,, 2018; Numan, 2020). In the Mongolian gerbil, mPOA
and BNST have also been implicated in the regulation of paternal
behaviour because these nuclei are significantly activated when sexually
inexperienced paternal males interacted with pup’s same species
compared with males that interacted candy, using as a marker of
neural activation c-Fos (Romero-Morales et al., 2018). Coinciding with
the results of this study, in mandarin voles has been shown that first-
time fathers have higher levels of OTR mRNA expression in the mPOA
than sexually inexperienced males (Yuan et al., 2019). In the laboratory
rat, the exhibition of maternal behaviour is associated with an increase
in the presence of OTRs or OTR mRNA expression in the mPOA/
BNST (Pedersen et al., 1982; Meddle et al., 2007; Bosch and Neumann,

2012; Lonstein et al.,, 2015; Numan, 2020). In this rodent, studies of
cause-effect relationships have widely demonstrated that OT and OTRs
are part of the neuroendocrine mechanisms that regulate maternal
behaviour (Pedersen et al., 1982; Meddle et al., 2007). Thus,
intraventricular administration of OT to ovariectomised virgin
females primed with estrogen-induced the onset of maternal
behaviour (Pedersen and Prange, 1979; Pedersen et al, 1982). In
addition, the intraventricular administration of an OTR antagonist to
parturient rats removes the facilitating effect of OT on the onset of
maternal behaviour (van Leengoed et al., 1987).

We did not find significant differences in the number of OTR-ir
cells in the MeA and OB between PAT and AGG gerbils. This
is possibly because both nuclei participate in positive and
negative neuroendocrine mechanisms that regulate paternal
behaviour (Kohl and Dulac, 2018; Horrell et al., 2018).
Furthermore, very few OTR-ir cells were observed in the MeA
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Significant correlations (P < 0.05, n = 5) were found between OXT concentrations and time spent in paternal activities.
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and OB. This result differs from those found in California mice, in
which the mRNA expression of OTR in the MeA was high in both
fathers and sexually inexperienced males that interacted paternally
with the pups (Perea-Rodriguez et al., 2015). This difference may be
due to the species and/or the kit used to detect the presence of OTRs
in neural areas. Perea-Rodriguez et al. (2015) reported that males
with higher levels of OTR mRNA expression in the MeA displayed
paternal behaviour more quickly than males with low mRNA
expression. To the best of our knowledge, the association between
the presence of OTRs in the OB and paternal behaviour has not
been analysed. However, in laboratory rats, during parturition, OTR
mRNA expression is increased in the OB (Meddle et al., 2007), and
the direct administration of OT to the OB of virgin females
facilitates the onset of maternal behaviour (Yu et al., 1996).

In this study, OT concentrations in plasma were significantly and
positively correlated with paternal activities. Although it has been
generally accepted that peripheral OT does not cross the blood—brain
barrier (Yoshihara et al, 2018). As already mentioned, high
concentrations of OT in plasma could be due to a high release of
this neuropeptide at the central level (Neumann and Landgraf, 2012).
In male rats, a positive correlation between the amount of paternal
care and OT concentrations has also been indicated; intraventricular
administration of 10 pg of OT increases grooming activity 9-fold
compared to that of males injected with physiological saline solution
(Drago et al., 1986).

We also found that the number of OTR-ir cells in the mPOA/
BNST was significantly negatively correlated with the approach
latency and significantly positively correlated with the time spent
crouching over, grooming, and sniffing pups. This could suggest that
OTR levels in the mPOA/BNST influence the amount of care given
by paternal gerbils. This finding is interesting because in these nuclei,
the receptors for the hormones that regulate parental behaviour,
including estradiol, progesterone, prolactin, vasopressin, and OT, are
mainly found in the mPOA (Lonstein et al., 2015; Horrell et al., 2018;
Numan, 2020). In mandarin voles, sexually inexperienced males that
display a high frequency of grooming have a greater number of OT-
immunoreactive neurons in the PVN and SON of the hypothalamus
compared with those that perform less grooming (Li et al., 2015). In
this rodent, sexually inexperienced males that exhibit high levels of
paternal behaviour also have a high number of OTRs in the nucleus
accumbens, a brain region involved in the regulation of parental
behaviour (Song et al., 2010; Horrell et al., 2018). In virgin juvenile
female prairie voles, it was also reported that the time invested in
contact with pups was correlated with the density of OTRs in the
nucleus accumbens (Olazabal and Young, 2006). Likewise, virgin
adult females of this rodent that display maternal behaviour have
higher densities of OTRs in the nucleus accumbens than those that
ignore or attack pups (Keebaugh and Young, 2011). Lactating rats
that exhibit elevated levels of grooming have a higher OTR density in
the mPOA and BNST than lactating mothers that perform less
grooming (Champagne et al., 2003).

The significant correlation of OT concentrations in plasma and
the number of OTR-ir cells in the mPOA/BNST with paternal
activities suggests that OT and its receptor are involved in the
neuroendocrine regulation of paternal behaviour in the Mongolian
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gerbil. However, the results of this study are correlational and
therefore cannot provide evidence for a cause-eftect relationship.

Future research should analyse the effect of intraventricular
administration of OT and OTR antagonists on the paternal
behaviour of the Mongolian gerbil.
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