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Abstracts: The singularity of social monogamy with ideational selectivity seems to be a compulsive behaviour
of humankind for its own survival and identity, so evolved during its ontogeny through the dynamical interplay
of neuroendocrine and neuromorphological correlates that seem to evolve through the demands of the
individual and human species. The optimal synthesis of oxytocin, arginine-vasopressin peptide (AVP),
dopamine and opioids seem to define and profile the spectacle of social monogamy, that seem to have far-
reaching implications of varied social pathologies that have plagues the qualia and fabric of human society.
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Introduction

The mammalian offspring depend on their parents
or specifically on mother/allomother for their
nourishment and care. Substratum to this parent
and offspring relationship is provided by the
various hormones involved in parturition and
lactation.! The mother-child relationship has
evolved in part along the foundation of dynamic
interaction of these hormones and receptors. A
Neurophysiologically equilibrated level of Neuro
hormones and neurotransmitters like oxytocin and
its neuropeptide analogue, arginine-vasopressin
(AVP), dopamine and opioids*** forms the basis of
this relationship. This interaction further aids in
preservation of the male female pair relation,
eventually not allowing a male to accept, even a
sexually receptive female. Such a set of behaviour-
complex, evolving as a consequence of these
molecules and their respective receptors have
been neuroendocrinologically implicated as the
basis for Social Monogamy.> ®

Although monogamy has also been defined on the
basis of genetics or the mating behaviour, the
social monogamy can be described as individuals of
opposite sex, living together as pairs with lasting
pair bond, even after the end of mating season,
ultimately jointly defending resources for their
survival and their offspring inculcating and

upholding the premise and concept of a family and
common ancestral lineage.” & This selective social
bond imparts, mating exclusivity for both sharing a
common milieu.> °This relationship may persist
between the two, for several seasons, even if they
don’t have an offspring.!* The male partner is the
alloparent or philopatric helper in the natal family,
foregoing the opportunity to reproduce directly.
The process and phenomenon of Social Monogamy
is in effect an evolving and evolutionary neuro-
endocrinological and neuro-humoral phenomenon
that has grown and developed along the timeline
of human  species aggrandisement and
acculturation.

The posterior pituitary hormones, viz. Oxytocin and
Arginine-vasopressin peptide (AVP), play a critical
role in this selective and long-lasting social bonding
and act fast along the ordained timeline.'> 13
Oxytocin and relative peptide of oxytocin, AVP
released from the brain have a wide distribution of
its receptors in our body!* ¥ and due to their
structural homology and their receptors’ similarity,
are neuropeptides that supposedly have
interactions at various levels across disparate
planes. This dynamic interaction between oxytocin
and AVP, perhaps in tandem, governs the
behavioural and emotional processes.’® 7 This
interplay between the two neuropeptides,
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regulating the social behaviour could be attributed
to the its evolution from a more primitive,
Vasotocin, with a structural and functional
homology.'® Both these neuropeptides, along with
other neural peptides inclusive of dopamine and
opioids, play an integral role in exhibiting, the
selectively social behaviour, characterising, pair
bonds and specific parental behaviour.'® 2° Several
functions of Oxytocin, in turn are achieved through
stimulation of AVP receptors. This includes, in part,
inhibiting the guarding behaviour, that allows an
individual to be more social and interactive. 222 %

Action of Oxytocin

e Oxytocin has been implicated in social bonding
and affiliative behaviour in both partners and
has been regarded as hormone of "love". It
seems to be the neuroendocrine entity
responsible for the crow-gatherer attitude of
humans, inducing a diagonal paradigm shift
from nativity of being a hunter-seeker.

e Since the discovery of oxytocin in 1906%, this
neuropeptide has been widely investigated and
known for its crucial role during human labour,
birth and milk ejection for the newly born.

e The AVP along with oxytocin also plays an
important role in regulation of birth.?

e Oxytocin also allows immobility by allaying fear
in context of perceived safety in the presence
of offspring or partner.2®

e Oxytocin is essential for maternal”’ and
paternal behaviour?®**towards their offspring.
Moreover, it promotes sociality between
adults also.®

e Oxytocin along with AVP enables pair bonding,
selective sociality and support physical
mobilisation and defensive aggression that
essentially is critical to male mammal
behaviour, so acquired during the
neurophysiological plasmatic soup of AVP and
Oxytocin.3031 22

Actions of Arginine-Vasopressin (AVP)

e AVP underlies the behaviour of both, selective
sociality  and selective aggression,'®
2huttressed and reinforced by rise in AVP
levels, along with augmented sensitivity of its
receptors, that seems to be facilitated by the
neuro-endocrinological process of mating. 3% 3

e Post-mating rise of AVP levels, has been
implicated in selective preference of male
along with guarding behaviour towards his
female partner, as evidenced by a significant
correlation of high levels of AVP in plasma,
soon after parturition.®®

e The fine-tuned cocktail of neurohormones and
neurotransmitters of oxytocin and its
neuropeptide analogue, arginine vasopressin,
dopamine and opioids in the
neurophysiologically equilibrated levels, in a
mated male (neuro-endocrinologically pliant),
leads to rejection of, even sexually receptive
another female also.?® This monogamous
behaviour is essential in preservation of male-
female pair-bond.

e Both the selectively affiliative along with
aggressive behaviour of male towards the
female partner and non-partner, respectively,
plays a crucial role in maintaining social
monogamous system with sustenance and
survival of a mammal offspring, as has been
observed in animal studies.*® %’

Role of Nucleus Accumbens

e Nucleus Accumbens in brain has been
implicated in the reinforcement and-reward
ambience, is influenced and modulated both
by societal and hormonal influences, with low
levels of oxytocin receptor density
predisposing an being individual less inclined to
the singularity of alloparenting.®

e A greater parental care in childhood has been
associated  with  greater  alloparenting
behaviour and also promotes male female pair
bonding later on,?® 3% 4%3 behaviour that has
been implicated due to plastic morpho-
functional changes within Nucleus Accumbens
with enhanced expression of oxytocin
receptors that results in lasting selective
sociality.*t 42

Applications

The above premise of Social Monogamous
Selectivity and its Neuro-endocrinological and
Neuro-humoral underpinnings, open new vistas in
the management of cases of infidelity and sexual
harassment at work-place or at home, wherein
levels of the above cocktail of neurohormones and
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neurotransmitters could be assayed and managed
accordingly.

References

10.

Hrdy SB. Mothers and Others: The
Evolutionary Origins of Mutual
Understanding. Cambridge, MA: Harvard
University Press, 2009.

CarterCS, BooneEM, Pournajafi-Nazarloo,
H, BalesKL. Consequences of early
experiences and exposure to oxytocin and
vasopressin are sexually dimorphic. Dev.
Neurosci.2009;31:332-341. doi:
10.1159/000216544

Van AndersSM, GoldeyKL, KuoPX. The
steroid/peptide theory of social bonds:
integrating testosterone and peptide
responses for classifying social behavioral
contexts. Psychoneuroendocrinology.
2011;36:1265-1275. doi:
10.1016/j.psyneuen.2011.06.001
PerkeybileAM, CarterCS, WroblewskiKL,
Puglia, MH, KenkelWM, LillardTS et al.
(2018). Early nurture epigenetically tunes
the oxytocin receptor.
Psychoneuroendocrinology. 2018;99:128-
136. doi: 10.1016/j.psyneuen.2018.08.037
Carter CS. Oxytocin pathways and the
evolution of human behavior. Annu. Rev.
Psychol.2014;65:17-39. doi:
10.1146/annurev-psych-010213-115110
CarterCS, KeverneEB. The neurobiology of
social affiliation and pair bonding, in
Hormones, Brain, and Behavior 3rd ed,
eds. D.W. Pfaff and M. Joels (Oxford:
Academic Press), 2017, 117-143

Kleiman DG. Monogamy in mammals.
Quart. Rev. Biol. 1977;52:39-69. doi:
10.1086/409721

KomersPE, BrothertonPNM. Female space
use is the best predictor of monogamy in
mammals. Proc. R. Soc. B Biol. Sci. 1997;
264:1261-1270. doi:
10.1098/rspb.1997.0174

WilsonEO.  Sociobiology: The  New
Synthesis. Cambridge, MA: Harvard
University Press, 1975.

GowatyPA.Battles of the sexes and origins
of monogamy, in Partnerships in Birds, ed.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

J. M. Black (Oxford: Oxford University
Press), 1996, 21-52.

LukasD, Clutton-Brock TH. The evolution of
social monogamy in mammals. Science.
2013;341:526-530. doi:
10.1126/science.1238677

Williams JR, InselTR, HarbaughCR, Carter,

CS. Oxytocin  administered centrally
facilitates formation of a partner
preference in female prairie voles
(Microtus ochrogaster). J.

Neuroendocrinol.1994;6:247-250. doi:
10.1111/j.1365-2826.1994.tb00579.x
WinslowlT, HastingsN, CarterCS,
HarbaughCR, InselTR. A role for central
vasopressin  in pair  bonding in
monogamous prairie voles. Nature. 1993;
365:545-548. doi: 10.1038/365545a0
GrinevichV, Knobloch-BollmannHS, Eliava
M, BusnellM,Chini B. Assembling the
puzzle: pathways of oxytocin signaling in
the brain. Biol. Psychiatry. 2016;79:155—
164. doi: 10.1016/j.biopsych.2015.04.013
ChiniB, VerhageM, Grinevich V. The action

radius of oxytocin release in the
mammalian cns: from single vesicles to
behavior. Trends Pharmacol. Sci.
2017;38:982-991. doi:

10.1016/j.tips.2017.08.005

CarterCS. Neuroendocrine perspectives on
social attachment and love.
Psychoneuroendocrinology. 1998;23: 779—
818. doi: 10.1016/5S0306-4530(98)00055-9
Carter CS. The role of oxytocin and
vasopressin in attachment. Psychodyn.
Psychiatry.2017;45:499-517. doi:
10.1521/pdps.2017.45.4.499

Acher R, Chauvet), Chauvet MT (1995).
Man and the chimaera. Selective versus
neutral oxytocin evolution. Advances in
experimental medicine and biology.
1995;395:615-627.

Aragona BJ, WangZX (2009). Dopamine
regulation of social choice in a
monogamous rodent species. Front. Behav.
Neurosci. 3:2009.doi:
10.3389/neuro.08.015.2009

Burkett, J. P., and Young, L. J. (2012). The
behavioral, anatomical and
pharmacological parallels between social

Int J Basic Appl Physiol., 11(2), 2022

Page 31



Review Article

International Journal of Basic and Applied Physiology

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

addiction.
1-26. doi:

attachment, love and
Psychopharmacology 224,
10.1007/s00213-012-2794-x
Albers, H. E. (2015). Species, sex and
individual differences in the
vasotocin/vasopressin system: relationship
to neurochemical signaling in the social
behavior neural network. Front.
Neuroendocrinol. 36, 49-71. doi:
10.1016/j.yfrne.2014.07.001

Caldwell, H. K. (2017). Oxytocin and
vasopressin: powerful regulators of social
behavior. Neuroscientist 23, 517-528. doi:
10.1177/1073858417708284

Carter, C. S. (2017). The role of oxytocin
and vasopressin in attachment. Psychodyn.
Psychiatry. 45, 499-517. doi:
10.1521/pdps.2017.45.4.499

Dale, H. H. (1909). The Action of Extracts of
the Pituitary Body. The Biochemical
journal, 4(9), 427-447.
https://doi.org/10.1042/bj0040427
Arrowsmith 'S, Wray S. Oxytocin: its
mechanism of action and receptor
signalling in the myometrium. J.
Neuroendocrinol. 2014;26:356-369. doi:
10.1111/jne.12154

Porges, S. W. (1998). Love: an emergent
property of the mammalian autonomic
nervous system.
Psychoneuroendocrinology 23, 837-861.
doi: 10.1016/50306-4530(98)00057-2
Keverne, E. B., and Kendrick, K. M. (1992).
Oxytocin facilitation of maternal behavior
in sheep. Ann. N. Y. Acad. Sci. 652, 83-101.
doi: 10.1111/j.1749-6632.1992.th34348.x
Kenkel, W. M., Paredes, J., Yee, J. R,
Pournajafi-Nazarloo, H., Bales, K. L., and
Carter, C. S. (2012). Neuroendocrine and
behavioural responses to exposure to an
infant in  male prairie voles. .
Neuroendocrinol. 24, 874-886. doi:
10.1111/j.1365-2826.2012.02301.x

Rilling, J. K. (2013). The neural and
hormonal bases of human parental care.
Neuropsychologia 51, 731-747. doi:
10.1016/j.neuropsychologia.2012.12.017
Bales, K. L., Lewis-Reese, A. D., Pfeifer, L.
A., Kramer, K. M., and Carter, C. S. (2007).
Early experience affects the traits of

31.

32.

33.

34,

35.

36.

37.

38.

monogamy in a sexually dimorphic
manner. Dev. Psychobiol. 49, 335-342. doi:
10.1002/dev.20216

Albers, H. E. (2015). Species, sex and
individual differences in the
vasotocin/vasopressin system: relationship
to neurochemical signaling in the social
behavior neural network. Front.
Neuroendocrinol. 36, 49-71. doi:
10.1016/j.yfrne.2014.07.001

Bowler, C. M., Cushing, B. S., and Carter, C.
S. (2002). Social factors regulate female-
female aggression and affiliation in prairie
voles. Physiol. Behav. 76, 559-566. doi:
10.1016/50031-9384(02)00755-2

Liu, Y., Curtis, J. T., and Wang, Z. X. (2001).
Vasopressin in the lateral septum regulates
pair bond formation in male prairie voles
(Microtus ochrogaster). Behav. Neurosci.
115, 910-919. doi:  10.1037/0735-
7044.115.4.910

Lim, M. M., and Young, L. J. (2004).
Vasopressin-dependent neural circuits
underlying pair bond formation in the
monogamous prairie vole. Neuroscience
125, 35-45. doi:
10.1016/j.neuroscience.2003.12.008
Wang, Z. X,, Liu, Y., Young, L. J., and Insel,
T. R. (2000). Hypothalamic vasopressin
gene expression increases in both males
and females postpartumin a biparental
rodent. J. Neuroendocrinol. 12, 111-120.
doi: 10.1046/j.1365-2826.2000.00435.x
Lim, M. M., Wang, Z. X., Olazabal, D. E,,
Ren, X. H., Terwilliger, E. F., and Young, L. J.
(2004). Enhanced partner preference in a
promiscuous species by manipulating the
expression of a single gene. Nature 429,
754-757. doi: 10.1038/nature02539
Bowler CM, Cushing BS, Carter CS. Social
factors regulate female-female aggression
and affiliation in prairie voles. Physiol.
Behav. 2002;76:559-566. doi:
10.1016/5S0031-9384(02)00755-2

Olazabal, D. E., and Young, L. J. (2006a).
Oxytocin receptors in the nucleus
accumbens facilitate “spontaneous”
maternal behavior in adult female prairie
voles. Neuroscience 141, 559-568. doi:
10.1016/j.neuroscience.2006.04.017

Int J Basic Appl Physiol., 11(2), 2022

Page 32


https://doi.org/10.1042/bj0040427

Review Article

International Journal of Basic and Applied Physiology

39.

40.

41.

42.

Perkeybile, A. M., Griffin, L. L., and Bales, K.
L. (2013). Natural variation in early
parental care correlates with social
behaviors in adolescent prairie voles
(Microtus ochrogaster). Front. Behav.
Neurosci. 7:21. doi:
10.3389/fnbeh.2013.00021

Del Razo, R. A, and Bales, K. L. (2016).
Exploration in a dispersal task: effects of
early experience and correlation with other
behaviors in prairie voles (Microtus
ochrogaster). Behav. Processes 132, 66—75.
doi: 10.1016/j.beproc.2016. 10.002

Wang, H., Duclot, F., Liu, Y., Wang, Z. X,,
and Kabbaj, M. (2013). Histone deacetylase
inhibitors facilitate partner preference
formation in female prairie voles. Nat.
Neurosci. 16, 919-U184. doi:
10.1038/nn.3420

Duclot, F., Wang, H., Youssef, C., Liu, Y.,
Wang, Z., and Kabbaj, M. (2016).
Trichostatin A (TSA) facilitates formation of
partner preference in male prairie voles
(Microtus ochrogaster). Horm. Behav. 81,
68—73. doi: 10.1016/j.yhbeh.2016.04.001

Int J Basic Appl Physiol., 11(2), 2022

Page 33



