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INTRODUCTION

Virgin females and males of many species generally avoid infants, feeling stimuli aversive, yet
parturient mothers typically find pups irresistible and display a suite of maternal nurturing
behaviors. Parental behaviors, including nursing and protection of the young, are of great
importance for the survival, mental as well as the physical wellbeing of the offspring (Rilling and
Young, 2014). Alloparenting, defined as caring provided by other individuals than parents, is a
universal behavior among humans that has shaped our evolutionary history and remains important
in contemporary society. Humans exhibit high degrees of cooperation, such as proactive food
sharing, cooperative childcare teaching, cultural learning, and collaborative foraging (Jaeggi and
Gurven, 2013). In human societies, alloparenting promotes consistent energetic input for infants
and reduces demands on maternal time and energy allocation (Meehan, 2009; Kramer and Veile,
2018). The quality and quantity of alloparental care may act as predictive factors of social emotional
and cognitive linguistic outcomes and childcare quality may interact with infant temperament to
predict behavioral problems and social competence. Although there was a study about alloparenting
of many species (Kenkel et al., 2017), psychophysiological understanding of alloparenting is still
largely unknown (Glasper et al., 2019).

Oxytocin (OT), one of the earliest and most significant discoveries in social neuroscience,
has received extensive attention both from the scientific community and the public (Marlin and
Froemke, 2017). It is mainly synthesized in the paraventricular nucleus (PVN) and supraoptic
nucleus of the hypothalamus and is released into the peripheral circulation from the posterior
pituitary gland. In mice, OT enables neuroplasticity in the auditory cortex for maternal recognition
of pup distress (Kim and Strathearn, 2016). A previous study has shown that the density of
OT receptors in the nucleus accumbens of female prairie voles was positively correlated with
alloparental behavior (Olazábal, 2014). Moreover, Feldman and colleagues reported that parental
sensitive caregiving, including warmth, gaze duration, checking behaviors, responsiveness to
child’s cues, and engagement, assessed by coding interactive behavior were correlated positively
with parental endogenous OT (plasma and salivary OT) in human beings (Feldman et al.,
2011). Knockdown of OT receptors in this region in the juvenile period decreased subsequent
alloparenting behavior while overexpression of OT increased alloparenting behavior (Keebaugh
and Young, 2011). Mammals have strong learning capabilities, and skills could be transmitted
from old individuals to young ones. Can maternal nurturing behavior be transmitted from
experienced individuals to virgins, and is themechanism and process associated with OT? Recently,
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Prof. Robert C. Froemke’s team from New York University
published a research article in Nature entitled “OT neurons
enable social transmission of maternal behavior” (Carcea et al.,
2021), which investigated these questions.

OXYTOCIN NEURONS’ ROLES IN THE
SOCIAL TRANSMISSION OF MATERNAL
BEHAVIOR

To investigate the relationship between OT and alloparenting
behavior, Froemke’s team established a system that could
combine behavioral and neural activity monitoring in cages
of mother, litter and co-housed virgin female mice. The
camera with visible (daytime) and infrared light (nighttime)
made the uninterrupted experimental observation possible. They
quantified the frequency and duration of specific behaviors
by building ethograms (Dhawale et al., 2017). According to
a previous report (Kenkel et al., 2017), the alloparenting
behaviors such as pup retrieval, licking/grooming, and arched-
back huddling, are not qualitatively different from the behavior
of parents. As expected, the authors found that the virgin mice
started to engage in parenting tasks after observing maternal
behavior of co-housed dams. They initiated the reliable pup
retrieving earlier than virgins co-housed with pups but without
dams and began to spend time in the nest with pups. The study
found that the dams attempted to keep virgins in the nest and
encouraged them to contact pups and the intercommunication
between dams and virgins were positively correlated with
virgin retrieval. Furthermore, the onset of retrieval behavior
decreased after PVN neurons were specifically silenced, which
resulted in the blocking of OT release. Further analysis of
OT neuronal activation by single-unit recordings showed that
the PVN and OT-PVN units of virgins were activated during
intercommunication with dams, both the spiking rate and the
firing rate were upregulated in the OT neurons of PVN more
obviously in virgins who were guided by dams to perform nest
entry behaviors than those of voluntary entry ones.

To confirm whether the alloparenting could also be enhanced
in non-co-housed virgins who could observe pup retrieval by
dams, the authors performed ten retrieval tests with the dams
in the presence of the virgins for four consecutive days under
four different co-housed conditions, which were defined as no
barrier, with a transparent barrier, with opaque barrier and with
a transparent barrier but knockout oxytocin receptor (OXTR)
in virgins respectively. The results showed that the transmission
of retrieval behavior was successfully acquired by virgins even
inserting a transparent barrier between the observing pup-naive
virgins and the retrieving dams because there were similar
virgin retrieving rates between the no barrier and transparent
barrier group. Most virgins behind a transparent barrier became
skilled in retrieving while virgins behind an opaque barrier could
not, which suggested that visual input was very important for
this kind of experience transmission. On the other hand, OT
signaling was also necessary, because virgins did not acquire
retrieving experiences through a transparent barrier after OXTR
was knocked out.

As the visual input was necessary for acquiring alloparenting
behavior, the authors identified visual inputs onto OT neurons
by means of monosynaptic rabies-based retrograde tracing. They
found that projections frommedial superficial layers of ipsilateral
superior colliculus to PVN were involved in visual processing.
Retrievals by dams could activate PVN neurons in non-co-
housed virgins during observational testing, even though the
virgins were not interacting with the dams or pups. In other
words, intercommunication between dams and virginsmay cause
somatosensory or arousal-based PVN input, and the nursing
pups’ behavior of dams finally led to collicular visual response.

Cortical plasticity plays an important role in neural adaptation
with motherhood. In mice, pup-naive virgin females do not
recognize the meaning of pup distress calls, but they can retrieve
isolated pups to the nest after having been co-housed with
a mother and litter. Maternal behavior comes from intrinsic
mechanisms and experience-dependent plasticity in the auditory
cortex (Schiavo et al., 2020). The study showed that single-unit
responses to played-back pup calls were increased during co-
housing up to retrieval onset for each mouse, and for non-co-
housed virgins, PVN spiking transiently increased concomitantly
with enhanced cortical responses to pup calls, even before
retrieving pups. The authors also found that the photometric
signal increased before the retrieval onset and decreased after
retrieval onset. Therefore, PVN activity was closely associated
with cortical plasticity in a self-adaption way.

Finally, the relationship between pup retrieval and signaling
from virgin PVN to the left auditory cortex was explored. The
data demonstrated that PVN to auditory cortex projections was
only significantly activated in virgins when began retrieving,
and the activation was related to oxytocin signaling. Selective
inhibition of OT receptors in the left auditory cortex of virgin
mice can prevent their retrieval of them, while the activation
of OT-PVN to auditory cortical projection can enhance the
retrieval of virgin mice. These results suggested that OT-PVN to
auditory cortical neural projection was positively correlated with
OT signal (Figure 1).

DISCUSSION

OT plays a fundamental role in the establishment and quality of
parent-infant bonding. Large-scale and whole-brain anatomical
mapping, enabled by oxytocin-Cre mice and oxytocin neuron-
specific viruses, which were firstly used in rats and later in
mice, revealed that oxytocinergic axons throughout the brain,
including in the thalamus, cortex, amygdala, striatum, and
hippocampus, have different functions after being activated (Irani
et al., 2010; Knobloch et al., 2012; Mitre et al., 2016; Zhang et al.,
2021). Important insights have been gained from a variety of
studies into the role of OT, such as social regulation, affiliation,
empathy, trust and the promotion of social behavior and the
parent-child interactions (Kosfeld et al., 2005; Donaldson and
Young, 2008; Gordon et al., 2010; Bartz et al., 2011; Stevens et al.,
2013). Feldman and colleagues found that parental behavioral
sensitivity was associated with OT production, which appears to
be specific to the attachment relationship (Feldman et al., 2007).
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FIGURE 1 | Virgin mice can learn how to raise and retrieve pups by observing.

(A) PVN to auditory cortex projections modulated by oxytocin is necessary for

the learning of pup retrieval. In virgins that begin retrieving, PVN to auditory

cortex projections are activated during observation of dam retrieval, on the

contrary, they are not significantly activated in virgins that did not learn after

observation. (B) The virgin mouse start to take parenting task after observing

reproductive behavior of co-housed dam.

A deeper neurophysiological understanding of OT may even
help parents and children to regulate stress, especially during the
COVID-19 pandemic, because isolation is a significant stressor
for newborn infants and could worsen the disease’s progression
for those previously infected with SARS-CoV-2 (Ionio et al.,
2021). Hardin and colleagues reported that there were higher
levels of the mother-infant dyad oxytocin in the kangaroo care
group compared with the control group (Hardin et al., 2020).
As available evidence showed that psychological problems in
maternal separation’s offspring are more significant than the
potential harms of maternal skin-to-skin contact in terms of the
proximity of SARS-CoV-2, skin-to-skin contact is encouraged by
the WHO for all women (World Health Organization, 2021).

Alloparenting behaviors have been studied in many species. In
human society, palaeoanthropological and comparative evidence
suggested that enhanced allomaternal care may underpin the
marked transitions in sociality, life history, and brain size of
ancestral hominins (Isler and Van Schaik, 2012). A variety
of studies that focused on alloparental behavior were carried
out (Martin et al., 2020; Shaver et al., 2020; Finton et al.,
2022) in recent decades, and a study has provided evidence
of plasticity in human alloparenting in response to ecological
contexts, comparable to previously observed patterns across
avian and mammalian cooperative breeders (Martin et al., 2020).
The findings of Froemke’s team provide scientific evidence
for a deeper understanding of alloparenting in mammals.
Their findings offer new promising solutions for mental and
psychological problems such as psychosocial stress regulation
during the present COVID-19 crisis and child abuse. The

COVID-19 crisis has affected and is still affecting our society
at multiple levels. To avoid overloading the medical system
and spreading SARS-CoV-2, repeated and long-lasting social
restrictions have been implemented in many countries. However,
the results of social restrictions included the loss of daily routines,
financial restraints, social tension in families, social isolation
and generally increased levels of psychosocial stress (Gryksa
and Neumann, 2022). The pandemic-related social distancing
results in substantial inactivation of the OT system in the general
population. Therefore, upregulating or at least maintaining the
activity of OT signaling has a profound implication to prevent
or reverse social isolation/social stress-induced impairments
of mental wellbeing and general health. Probiotics such as
Lactobacillus bacteria were described to increase OT levels
(Burkett et al., 2016). Moreover, Burkett et al. reported that
oxytocin mediates empathy-based consoling behaviors in prairie
voles (Bharwani et al., 2017). Could subtle social interactions,
such as distant social media with visual and auditory social
cues, stimulate the OT system and act as a way for social
stress regulation? This needs further investigation but with great
social meaning. In addition, child abuse is arguably the most
poorly understood form of psychological problem, compared
with physical and sexual abuse, much less is known about its
presentation, causes, consequences, prevention, and treatments.
Fortunately, more and more researchers are paying attention
to OT (Suzuki et al., 2020; Mizuki and Fujiwara, 2021; Ramo-
Fernández et al., 2021). It was reported that genetic variants of
OXTR may contribute to the aggression susceptibility of mice?
(Zhang et al., 2018).

The above studies provided evidence of nursing behavior
comprehensively and scientifically, which combined behavior
and neural activity monitoring. However, there are still several
questions that need to be further addressed. First, previous
studies have shown that testosterone, estradiol and prolactin
may also be associated with alloparenting, it is hard to draw a
conclusion that OT plays an independent role in alloparenting
behavior, as complex neurophysiological processes always act
as an outcome of the synergistic effect of hormones. Second,
there is species heterogeneity about alloparenting (Kenkel et al.,
2017), therefore, clinical research based on the results of animal
experiments is necessary. In the long run, these findings built
a bridge between biological research about oxytocin and future
social psychological research.

AUTHOR CONTRIBUTIONS

XF, YW, and ZH contributed to writing and editing the
manuscript. All authors contributed to the article and approved
the submitted version.

FUNDING

This work was supported by the Scientific Research
Foundation for Scholars of HZNU (4125C5021920453
and 4125C50220204109).

Frontiers in Behavioral Neuroscience | www.frontiersin.org 3 March 2022 | Volume 16 | Article 847396

https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles


Fang et al. Social Transmission of Maternal Behavior

REFERENCES

Bartz, J. A., Zaki, J., Bolger, N., and Ochsner, K. N. (2011). Social effects of
oxytocin in humans: context and person matter. Trends Cogn. Sci. 15, 301–309.
doi: 10.1016/j.tics.2011.05.002

Bharwani, A., Mian, M. F., Surette, M. G., Bienenstock, J., and Forsythe, P.
(2017). Oral treatment with Lactobacillus rhamnosus attenuates behavioural
deficits and immune changes in chronic social stress. BMC Med. 15, 7.
doi: 10.1186/s12916-016-0771-7

Burkett, J. P., Andari, E., Johnson, Z. V., Curry, D. C., De Waal, F. B., and Young,
L. J. (2016). Oxytocin-dependent consolation behavior in rodents. Science 351,
375–378. doi: 10.1126/science.aac4785

Carcea, I., Caraballo, N. L., Marlin, B. J., Ooyama, R., Riceberg, J. S., Mendoza
Navarro, J. M., et al. (2021). Oxytocin neurons enable social transmission of
maternal behaviour. Nature 596, 553–557. doi: 10.1038/s41586-021-03814-7

Dhawale, A. K., Poddar, R., Wolff, S. B., Normand, V. A., Kopelowitz, E., and
Ölveczky, B. P. (2017). Automated long-term recording and analysis of neural
activity in behaving animals. eLife 6, e27702. doi: 10.7554/eLife.27702.027

Donaldson, Z. R., and Young, L. J. (2008). Oxytocin, vasopressin, and the
neurogenetics of sociality. Science 322, 900–904. doi: 10.1126/science.1158668

Feldman, R., Gordon, I., and Zagoory-Sharon, O. (2011). Maternal and
paternal plasma, salivary, and urinary oxytocin and parent-infant synchrony:
considering stress and affiliation components of human bonding. Dev. Sci. 14,
752–761. doi: 10.1111/j.1467-7687.2010.01021.x

Feldman, R., Weller, A., Zagoory-Sharon, O., and Levine, A. (2007). Evidence for a
neuroendocrinological foundation of human affiliation: plasma oxytocin levels
across pregnancy and the postpartum period predict mother-infant bonding.
Psychol. Sci. 18, 965–970. doi: 10.1111/j.1467-9280.2007.02010.x

Finton, C. J., Kelly, A. M., and Ophir, A. G. (2022). Support for the parental
practice hypothesis: subadult prairie voles exhibit similar behavioral and neural
profiles when alloparenting kin and non-kin. Behav. Brain Res. 417, 113571.
doi: 10.1016/j.bbr.2021.113571

Glasper, E., Kenkel, W., Bick, J., and Rilling, J. (2019). More than just mothers: The
neurobiological and neuroendocrine underpinnings of allomaternal caregiving.
Front. Neuroendocrinol. 53, 100741. doi: 10.1016/j.yfrne.2019.02.005

Gordon, I., Zagoory-Sharon, O., Leckman, J. F., and Feldman, R. (2010).
Oxytocin, cortisol, and triadic family interactions. Physiol. Behav. 101, 679–684.
doi: 10.1016/j.physbeh.2010.08.008

Gryksa, K., and Neumann, I. D. (2022). Consequences of pandemic-associated
social restrictions: role of social support and the oxytocin system.
Psychoneuroendocrinology 135, 105601. doi: 10.1016/j.psyneuen.2021.105601

Hardin, J. S., Jones, N. A., Mize, K. D., and Platt, M. (2020). Parent-
training with kangaroo care impacts infant neurophysiological development
and mother-infant neuroendocrine activity. Infant Behav. Dev. 58, 101416.
doi: 10.1016/j.infbeh.2019.101416

Ionio, C., Ciuffo, G., and Landoni, M. (2021). Parent-infant skin-to-skin contact
and stress regulation: a systematic review of the literature. Int. J. Environ. Res.
Public Health 18, 4695. doi: 10.3390/ijerph18094695

Irani, B., Donato, J. Jr., Olson, D., Lowell, B., Sacktor, T., Reyland, M., et al.
(2010). Distribution and neurochemical characterization of protein kinase C-
theta and-delta in the rodent hypothalamus. Neuroscience 170, 1065–1079.
doi: 10.1016/j.neuroscience.2010.07.064

Isler, K., and Van Schaik, C. P. (2012). How our ancestors broke through the gray
ceiling: comparative evidence for cooperative breeding in early homo. Curr.
Anthropol. 53, S453–S465. doi: 10.1086/667623

Jaeggi, A. V., and Gurven, M. (2013). Natural cooperators: food sharing in
humans and other primates. Evol. Anthropol. Issues News Rev. 22, 186–195.
doi: 10.1002/evan.21364

Keebaugh, A. C., and Young, L. J. (2011). Increasing oxytocin receptor expression
in the nucleus accumbens of pre-pubertal female prairie voles enhances
alloparental responsiveness and partner preference formation as adults.
Hormones Behav. 60, 498–504. doi: 10.1016/j.yhbeh.2011.07.018

Kenkel, W. M., Perkeybile, A. M., and Carter, C. S. (2017). The neurobiological
causes and effects of alloparenting. Dev. Neurobiol. 77, 214–232.
doi: 10.1002/dneu.22465

Kim, S., and Strathearn, L. (2016). Oxytocin and maternal brain plasticity. New
Dir. Child Adolesc. Dev. 2016, 59–72. doi: 10.1002/cad.20170

Knobloch, H. S., Charlet, A., Hoffmann, L. C., Eliava, M., Khrulev, S., Cetin,
A. H., et al. (2012). Evoked axonal oxytocin release in the central amygdala

attenuates fear response. Neuron 73, 553–566. doi: 10.1016/j.neuron.2011.
11.030

Kosfeld,M., Heinrichs,M., Zak, P. J., Fischbacher, U., and Fehr, E. (2005). Oxytocin
increases trust in humans. Nature 435, 673–676. doi: 10.1038/nature03701

Kramer, K. L., and Veile, A. (2018). Infant allocare in traditional societies. Physiol.
Behav. 193, 117–126. doi: 10.1016/j.physbeh.2018.02.054

Marlin, B. J., and Froemke, R. C. (2017). O xytocin modulation of neural circuits
for social behavior. Dev. Neurobiol. 77, 169–189. doi: 10.1002/dneu.22452

Martin, J., Ringen, E., Duda, P., and Jaeggi, A. (2020). Harsh environments
promote alloparental care across human societies. Proc. R. Soc. B 287, 20200758.
doi: 10.1098/rspb.2020.0758

Meehan, C. L. (2009). Maternal time allocation in two cooperative childrearing
societies. Hum. Nat. 20, 375–393. doi: 10.1007/s12110-009-9076-2

Mitre, M., Marlin, B. J., Schiavo, J. K., Morina, E., Norden, S. E., Hackett, T. A.,
et al. (2016). A distributed network for social cognition enriched for oxytocin
receptors. J. Neurosci. 36, 2517–2535. doi: 10.1523/JNEUROSCI.2409-15.2016

Mizuki, R., and Fujiwara, T. (2021). Association between accumulation of child
maltreatment and saliva oxytocin level among Japanese adolescents. Front
Pediatr. 9, 710718. doi: 10.3389/fped.2021.710718

Olazábal, D. E. (2014). Comparative analysis of oxytocin receptor density in the
nucleus accumbens: an adaptation for female and male alloparental care? J.

Physiol. 108, 213–220. doi: 10.1016/j.jphysparis.2014.10.002
Ramo-Fernández, L., Gumpp, A. M., Boeck, C., Krause, S., Bach, A. M., Waller,

C., et al. (2021). Associations between childhood maltreatment and DNA
methylation of the oxytocin receptor gene in immune cells of mother-newborn
dyads. Transl. Psychiatry 11, 1–11. doi: 10.1038/s41398-021-01546-w

Rilling, J. K., and Young, L. J. (2014). The biology of mammalian parenting
and its effect on offspring social development. Science 345, 771–776.
doi: 10.1126/science.1252723

Schiavo, J. K., Valtcheva, S., Bair-Marshall, C. J., Song, S. C., Martin, K. A., and
Froemke, R. C. (2020). Innate and plastic mechanisms for maternal behaviour
in auditory cortex. Nature 587, 426–431. doi: 10.1038/s41586-020-2807-6

Shaver, J. H., Power, E. A., Purzycki, B. G., Watts, J., Sear, R., Shenk, M. K., et al.
(2020). Church attendance and alloparenting: an analysis of fertility, social
support and child development among English mothers. Philos. Trans. R. Soc.
B 375, 20190428. doi: 10.1098/rstb.2019.0428

Stevens, F. L., Wiesman, O., Feldman, R., Hurley, R. A., and Taber, K. H. (2013).
Oxytocin and behavior: evidence for effects in the brain. J. Neuropsychiatry Clin.
Neurosci. 25, 96–102. doi: 10.1176/appi.neuropsych.13030061

Suzuki, S., Fujisawa, T. X., Sakakibara, N., Fujioka, T., Takiguchi, S., and Tomoda,
A. (2020). Development of social attention and oxytocin levels in maltreated
children. Sci. Rep. 10, 1–10. doi: 10.1038/s41598-020-64297-6

World Health Organization (2021). New Research Highlights Risks of Separating

Newborns From Mothers During COVID-19 Pandemic. Geneva.
Zhang, B., Qiu, L., Xiao, W., Ni, H., Chen, L., Wang, F., et al. (2021).

Reconstruction of the Hypothalamo-Neurohypophysial system and functional
dissection of magnocellular oxytocin neurons in the brain. Neuron 109,
331.e7–346.e7. doi: 10.1016/j.neuron.2020.10.032

Zhang, Y., Wu, C., Chang, H., Yan, Q., Wu, L., Yuan, S., et al. (2018). Genetic
variants in oxytocin receptor gene (OXTR) and childhood physical abuse
collaborate to modify the risk of aggression in Chinese adolescents. J. Affect.
Disord. 229, 105–110. doi: 10.1016/j.jad.2017.12.024

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

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.

Copyright © 2022 Fang, Wang and Huang. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org 4 March 2022 | Volume 16 | Article 847396

https://doi.org/10.1016/j.tics.2011.05.002
https://doi.org/10.1186/s12916-016-0771-7
https://doi.org/10.1126/science.aac4785
https://doi.org/10.1038/s41586-021-03814-7
https://doi.org/10.7554/eLife.27702.027
https://doi.org/10.1126/science.1158668
https://doi.org/10.1111/j.1467-7687.2010.01021.x
https://doi.org/10.1111/j.1467-9280.2007.02010.x
https://doi.org/10.1016/j.bbr.2021.113571
https://doi.org/10.1016/j.yfrne.2019.02.005
https://doi.org/10.1016/j.physbeh.2010.08.008
https://doi.org/10.1016/j.psyneuen.2021.105601
https://doi.org/10.1016/j.infbeh.2019.101416
https://doi.org/10.3390/ijerph18094695
https://doi.org/10.1016/j.neuroscience.2010.07.064
https://doi.org/10.1086/667623
https://doi.org/10.1002/evan.21364
https://doi.org/10.1016/j.yhbeh.2011.07.018
https://doi.org/10.1002/dneu.22465
https://doi.org/10.1002/cad.20170
https://doi.org/10.1016/j.neuron.2011.11.030
https://doi.org/10.1038/nature03701
https://doi.org/10.1016/j.physbeh.2018.02.054
https://doi.org/10.1002/dneu.22452
https://doi.org/10.1098/rspb.2020.0758
https://doi.org/10.1007/s12110-009-9076-2
https://doi.org/10.1523/JNEUROSCI.2409-15.2016
https://doi.org/10.3389/fped.2021.710718
https://doi.org/10.1016/j.jphysparis.2014.10.002
https://doi.org/10.1038/s41398-021-01546-w
https://doi.org/10.1126/science.1252723
https://doi.org/10.1038/s41586-020-2807-6
https://doi.org/10.1098/rstb.2019.0428
https://doi.org/10.1176/appi.neuropsych.13030061
https://doi.org/10.1038/s41598-020-64297-6
https://doi.org/10.1016/j.neuron.2020.10.032
https://doi.org/10.1016/j.jad.2017.12.024
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Oxytocin Neurons Are Essential in the Social Transmission of Maternal Behavior
	Introduction
	Oxytocin Neurons' Roles in the Social Transmission of Maternal Behavior
	Discussion
	Author Contributions
	Funding
	References


