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Abstract: Throughout literature – fiction and poetry, fine arts and music – falling
in love and enjoying romantic love plays a central role. While several psychosocial
conceptions of pair attachment consider the participation of hormones, human
endocrinology has dealt with this theme only marginally. According to some
authors in addictology, falling in love shows some signs of hormonal response to
stressors with changes in dopamine and serotonin signalling and neurotrophin
(transforming growth factor b) concentration. Endorphins, oxytocin and
vasopressin may play a role during the later phases of love. However, proof of
hormonal events associated with love in humans has, until recently, been lacking.
Love is perhaps the unique most common theme found in classic literature and an
important motif in other arts, however, the basis of love has escaped explanation
by art and science. Relationships between partners, from falling in love and forming
a pair to separation, domestic violence and other extreme behaviour patterns have
been a concern for law, sociology and psychology, but medicine and biochemistry
have until recently only superficially mapped out these phenomena. There is only
a remarkably modest collection of scientific literature concerning the role of
hormonal changes in how people fall in love [1, 2, 3]. Using the internet search
program PubMed, searching for “love AND hormones” returns about 40 results,
which for the most part, as far as the theme of relationships is concerned, are
irrelevant.
Neither science nor classic literature has provided a real answer as to the
question of what love actually is, despite the indubitable importance of this
psychosocial phenomenon. According to Jankowiak of the University of Las
Vegas [4], romantic love can be found in 147 of 166 different cultures, which they
studied. It is a nearly universal phenomenon, and very a common, even if not
absolutely necessary part of human biological reproduction. Being in love
represents, in many cases, the opening of a long-term partnership. Some
researchers, however, do not place love into the same category of basic primitive
human emotions such as fear, anger or pleasure.
Love being guided by – perhaps even caused by – actual events occurring in the
central nervous system can now be better understood thanks to modern
techniques, such as magnetic resonance tomography, which has made it possible to
monitor neurological events in specific brain areas of a person experiencing love.
Unfortunately, even studies using these techniques aren’t much extensive [5, 6]
and offer only the conclusion that the brain areas, which undergo activation and
deactivation, are the same, which concern general emotions. The activity was
restricted to foci in the medial insula and the anterior cingulate cortex and,
subcortically, in the caudate nucleus and the putamen, all bilaterally. Deactivations
were observed in the posterior cingulate gyrus and in the amygdala and were
right-lateralized in the prefrontal, parietal and middle temporal cortices. The
combination of these sites differs from those in previous studies of emotion,
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suggesting that a unique network of areas is responsible for evoking this affective
state. In another study [7] activation specific to the beloved occurred in the right
ventral tegmental area and right caudate nucleus, dopamine-rich areas associated
with mammalian reward and motivation. Love thus involves a specific neural
network that surpasses a dopaminergic-motivation system. However, we still know
very little about what influences, which transmitters or hormones take part in this
process. Here should be emphasized that love is not identical with sexuality and
sexual function. These are also controlled by a handful of hormones, e.g.
testosterone controlling libido and sexual arousal, prolactin, which is inhibiting
sexual function, or a set of hormones, transmitters and active compound used for
improvement of sexual dysfunction. Hormonal influences on sexual functions and
sexual activity are not the object of this review.
There are many studies about love, which have concerned with psychosocial or
cultural aspects; many tests are focused on neurobiological aspects of love in
animals during courtship. Experiments have shown that the formation of a
biological pair is largely defined by the hypothalamus-pituitary-adrenal axis and the
oxytocin axis [8, 9]. The attempt to understand better the endocrine mechanism
behind love in humans should, however, in no way degrade this phenomenon to
a simple chemical process.
Love is very strongly anchored in the evolutionary history of man, in his biology
and biochemistry [10]. Of course, love is deeply programmed into our genes due
to the fact that it helps to keep partners together during the period of time
necessary for raising offspring until the first signs of the offspring’s ability to survive
independently. Unfortunately for us, this genetically anchored period is limited
approximately to a mere 4 years. This “four year attraction” has shown a marked
impact on recent divorce statistics: this impact was seen in the majority of the
62 cultures studied by H. Fisher [11]. A clearly defined peak in divorces occurred
in the fourth year of marriage. Additional child noticeably moved the peak in
divorces to the seventh year of marriage. Other evidence shows that romantic
love generally doesn’t last more than one year [12].
Romantic love is neither eternal nor exclusive and it is therefore necessary to
observe it as a dynamic process. Unlike poetic love in art, it is not a special
condition of the heart or soul. From the perspective of endocrinology it is more a
game of hormones and transmitters, and according to certain authors it is even an
actual chemical intoxication of the organism. It shouldn’t come as a surprise that
for some people love can actually be stressful, because the chemical pathways and
hormonal factors involved in love are actually very similar to those involved in
stress.
Theories have been proposed that hormones play a very limited role
[11, 13, 14, 15]. It has also been proposed that love is parallel to the processes of
addiction, which are also rather unclear with the neurohormones playing an
important role [16].
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3 Phases of Love
Many authors hold a view of the love being divided into three different phases.
During the phase of fulfilment and in its final phase, its main task is the
reproduction and care of offspring.
As concerns the romantic love, it is the dominant belief that catecholamines –
adrenaline, noradrenaline, and their metabolites – and also the stress steroid
hormone cortisol and its regulators – corticoliberin and adrenocorticotropic
hormone ACTH – play the main role. In the phase of fulfilment the major role
probably assume endorphins, endogenous polypeptides coupled to nitric oxide
autoregulatory pathways with their strong influence on the brain centres
controlling feelings of pleasure. During the phase of care of offspring, according to
recent opinion, the influence of the peptides oxytocin and vasopressin are
dominant.
One of the first hypotheses concerning the biological and endocrine basis of love
was based on the view of the similar structure of catecholamine transmitters and
amphetamines, which could cause a variety of effects similar to the starting stages
of romantic love. In its first phase, romantic love has more a character of
excitation and stress. There is a large body of evidence that stressful situations
ease the formation of both new social bonds and intimate relationships in people
and animals [17, 18]. The euphoria during the process of falling in love would then
understandably be due to the fact that the dominant hormones are of adrenal
origin: dopamine, noradrenalin and especially phenylethylamine. Catecholamines,
seem possibly to be more related to psychological discomfort, as demonstrated by
their higher levels in men and women when divorcing, during marital quarrels,
and so on. In such stressful situations, not only are adrenalin levels raised, but also
ACTH levels increase [2]. Attention has been given to the biogenic amines –
mostly connected to the initial phases of love – which are somewhat similar
in effect to amphetamines. Amphetamines show typical characteristics of
addictive drugs and falling in love can truly be a certain form of addiction [19, 20].
Here should be mentioned that derivatives of amphetamine include such
well-known psychostimulants with hallucinogenic properties drugs as
3,4-methylenedioxymethamphetamine (MDMA; ecstasy, “Adam”)
or the “love drug” (3,4-methylenedioxyethamphetamine, MDE, “Eve”) and
3,4-methylenedioxyamphetamine (MDA “Love”) [21, 22].
$-Phenylethylamine, together with tyramine, tryptamine and octopamine belong
to the biogenic amines, which are found in trace amounts in the nervous system
and bind to a specific family of receptors bound with the G-protein (GPCR).
Neither their origin nor function in the nervous system is well known.
$-Phenylethylamine and its metabolites (phenylethanolamine, tyramine,
acetyl-phenylethylamine and phenylacetaldehyde) act on the dopamine system in
certain areas of the brain, especially in the nigrostriate. The behaviour of animals
has been monitored in experiments after i.v. injection of amines into the brain and
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it was found that $-phenylethylamine and acetyl-phenylethylamine induced
ipsilateral rotation (rotation on the same side, into which the substance had been
injected). This certainly has nothing to do with the fact that love can cause heads
to turn, but it does demonstrate the strong effect that these substances have on
the central brain system. It is a psychomotor stimulating bioamine which acts on
the acetylcholine system in striate and inhibits dopaminergic activity via the
dopamine D(2) receptor.
No evidence has been presented that would support the theory concerning the
effect of phenylethylamine in the phenomenon of being in love [23]. It was proved,
however, that romantic love is associated with lower levels of platelet serotonin
transporter, similarly to some psychoses [1] and pathological jealousy [24], and
being in love is also accompanied with a significant increase of nerve growth factor,
NGF [12] This neurotrophin even has a positive correlation with the intensity of
the romantic love. Its levels gradually normalized after 12–24 months, as the
romantic love changed to a stable state or faded, and were no longer different
from those of control groups. In this relation it is even more interesting that levels
of some neurotrophines, including NGF, were increased by kissing and this has
been shown to lead to an improvement of allergic skin reactions [25].
Similar procedure as was used by the authors studying neurotropines was also
used by the group of Marazziti. They not only compared normal pairs in love but
also followed these pairs over a period of more than a year, when the love would
no longer be a romantic one. They found higher cortisol levels and lower FSH
levels in pairs, which were in love. They also found lower testosterone in men in
love [3], which confirms the evidence of love being a stress condition. Also other
studies [26] show that men who are romantically involved (i.e., are paired) have
lower testosterone than single men, which may be due to a facultative adjustment
of testosterone levels that respond to lower demands in mating effort. Increase of
cortisol and decrease of FSH and testosterone are typical endocrine changes in
stress situations. Not only being in love, but also separation from a close partner
leads to a stress reaction in the hypothalamus-pituitary-adrenal system [27].
Previous research has shown that being partnered is associated with lower
testosterone in men. To address how multiple partners may be associated with
testosterone levels, the study of van Anders [49] examined men and women who
were single, monoamorously partnered (partnered) or polyamorous (having
multiple committed relationships). Men who were partnered had lower
testosterone than all other men, and polyamorous men had higher testosterone
than single men. Polyamorous women had higher testosterone than all other
women.
According to the hypothesis of Shoja et al. [28] products of pineal gland
melatonin and vasotocin might be the factors attenuating the romantic love.
Making social bonds enables to keep a physiological state of lower anxiety and
reduced negative feelings [29, 30, 31]. In reality, most people in love in the early
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phases of excitation and euphoria enter a stage in which there is a pronounced
feeling of safety, calm and balance, which is controlled by a different type of
hormone. The influence of endorphins may dominate in the later phase of love
[32, 20]. Endorphins are substances whose effect is realized via the same
receptors as those, which respond to exogenous opiates. Unlike amphetamine
derivatives, endorphins are not produced in the adrenal gland but largely in the
brain, and they do not excite but instead calm and dampen feelings of pain. There
are also several neuroactive steroids, which are active in this phase of love.
Neuroactive steroids modulate the excitatory effect of GABA receptors and have
analgesic, anxiolytic, antidepressive and sedative effects.
Another hormone, which is definitely already known to belong to the regulation
of biological reproduction, is oxytocin. The domain of its effect reaches through
two of the phases of love. It is produced by the hypothalamus and released from
neurohypophyseal terminals into the blood. It is produced also within defined brain
regions that regulate emotional, cognitive, and social behaviours [33]. Doctors
tend to think about oxytocin in relation to women more than to men due to
hormone’s effects on uterine contractions and milk ejection. Oxytocin also has an
important role as a regulator of sexual and maternal behaviour or given positive
social contact, in the reduction of stress. [9, 34, 35, 36, 37]. It possibly also affects
mothers, so that they will fondle and care their children and most likely also has a
similar effect on such activity between men and women. In the study of Gonzaga
et al. [38] the nonverbal display of romantic love was related to the release of
oxytocin. Increased oxytocin release is a part of the biological process of orgasm:
in men and even stronger in women oxytocin levels increase at orgasm and
following sexual climax decrease again [39]. Its levels increase during physical
contact [40]. Mutual caressing leads to an inhibition of adrenergic activity caused
by oxytocin, including lower blood pressure, especially in women. Oxytocin,
secreted by the neurohypophysis, also causes a free feeling of satisfaction and
affection and evidently has an anti-stress effect [37, 41] and according to recent
findings, oxytocin also increases mutual trust between people [42], and has
therefore come to be known as the “hormone of trust”.
Oxytocin levels in men and women are similar and oxytocin receptors can be
found in many tissues, especially nerve tissue, in both sexes. Oxytocin has been
labelled as the “trust hormone” because extensive findings have shown that
significant differences in the oxytocin receptors can be found between closely
related types of voles, one of which (Microtus ochrogaster) is monogamous and
which lives in a large social structure, whereas other types (Microtus
pennsylvanicus a M. monatnus) are polygamous and lead solitary lives [43, 44]. The
concentration of oxytocin receptors in the brain of monogamous voles is higher
than of polygamous and also the localisation of oxytocin receptors differs among
the species. The monogamous behaviour and the tendency to care for offspring in
males can be stopped with injection of a drug antagonistic to oxytocin, atosiban or
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barusiban, used as a tocolytic. On the other hand, monogamous behaviour is
strengthened via dopamine D2 receptor, but not the D1 receptor.
Kosefeld et al [42] demonstrated that intranasal administration of oxytocin, a
neuropeptide that plays a key role in social attachment and affiliation in non-human
mammals, causes a substantial increase in trust among humans, thereby greatly
increasing the benefits from social interactions.
In neurobiology of social bonds – partnership, courtship, faithfulness, care for
offspring, relationships with other individuals – the neuropeptide oxytocin and
vasopressin play an important role [45, 46]. These “hormones of love and fear”
modulate the integration of information in the amygdala [47]. Vasopressin and
oxytocin modulate the excitatory inputs into the central nucleus of amygdala in
opposite manners [47].
Even if it may seem that science has extensive knowledge about the explanation
of feelings in the various stages of love and how to measure their importance in
the conception and upbringing of human offspring, it still remains a mystery as to
how these events are initiated by that one partner selected among thousands, as if
something made a spark, in order to cause the release of the correct sequence of
hormonal drugs and aphrodisiacs and why even the most carefully mixed hormone
cocktails have been unable to create a drink of love, where there are as yet no
annoying presumptions. In animals these biological effects can be facilitated by
factors such as pheromones [48] and other scents, however, in human marriage
rituals and courting schemes these signal do not play a (major) role, which is
evidenced by the fact that the vomeronasal organ in humans is, to a large extent,
quite rudimentary compared to other mammals.
Our present knowledge on the contribution of hormones and endocrinology in
the development of love is still limited. Perhaps in the future we will be able to
create antihormones against disappointed love to prevent tragedies as suicides or
it will be possible to apply a substance enhancing partner’s faithfulness. However, I
hope that love will, for a long time, stay an elixir mixed from both physical and
spiritual ingredients, from both reality and imagination, from poetry and a fastbeating heart, even if there will always be a bit of a contribution from cortisol,
endorphins and oxytocin.
References
1. MARAZZITI D., AKISKAL H. S., ROSSI A., CASSANO G. B.: Alteration of the platelet serotonin
transporter in romantic love. Psychol. Med. 29: 741–745, 1999.
2. KIECOLT-GLASER J. K., BANE C., GLASER R., MALARKEY W. B.: Love, marriage, and divorce:
newlyweds’ stress hormones foreshadow relationship changes. J. Consult. Clin. Psychol. 71: 176–188,
2003.
3. MARAZZITI D., CANALE D.: Hormonal changes when falling in love. Psychoneuroendocrinol. 29:
931–936, 2004.
4. JANKOWIAK W. R., FISCHER E. F.: A cross-cultural perspective on romantic love. Ethol. 31:
149–155, 1992.

Endocrine Factors of Pair Bonding

304)

Prague Medical Report / Vol. 108 (2007) No. 4, p. 297–305

5. BARTELS A., ZEKI S.: The neural basis of romantic love. Neuroreport 11: 3829–3834, 2000.
6. BARTELS A., ZEKI S.: The neural correlates of maternal and romantic love. Neuroimage 21:
1155–1166, 2004.
7. FISHER H., ARON A., BROWN L. L.: Romantic love: an fMRI study of a neural mechanism for mate
choice. J. Comp. Neurol. 493: 58–62, 2005.
8. CARTER C. S.: Neuroendocrine perspectives on social attachment and love. Psychoneuroendocrinol.
23: 779–818, 1998.
9. CARTER C. S., DEVRIES A. C., TAYMANS S. E.: Peptides, steroids and pair bonding. Ann. NY Acad.
Sci. 807: 260–268, 1997.
10. JANKOWIAK W. R.: A psychobiological theory of love. Psychol. Rev. 93: 119–130, 1986.
11. FISHER H.: Anatomy of love. Fawcett Columbine, New York 1992.
12. EMANUELE E., POLITI P., BIANCHI M., MINORETTI P., BERTONA M., GEROLDI D.: Raised
plasma nerve growth factor levels associated with early-stage romantic love. Psychoneuroendocrinology
31: 288–294, 2006
13. PANKSEPP J.: Toward a psychobiological theory of emotions. Behav. Brain Res. 5: 407–467, 1982.
14. HAZAN C., SHAVER P.: Romantic love conceptualized as an attachment process. J. Person. Soc. Psychol.
52: 511–524, 1987.
15. PORGES S. W.: Love and emotions. Psychoneuroendocrinol. 23: 837–861, 1998.
16. INSEL T. R.: Is social attachment an addictive disorder? Physiol. Behav. 79: 351–357, 2003;
17. KRAEMER G. W.: A psychobiological theory of attachment. Behav. Brain. Sci. 15: 493–520, 1992.
18. PANKSEPP J., NELSON E., SILVY S.: Brain opioids and mother-infant social motivation. Acta Pediatr
Suppl. 397: 40–46, 1994.
19. EISENSTEIN M.: Is it love... or addiction? Lab. Anim. (NY) 33: 10–11, 2004.
20. KIMBALL C. D.: Do opioid hormones mediate appetites and love bonds? Am. J. Obstet. Gynecol.
156: 1463–1466, 1987.
21. THOMPSON M. R., CALLAGHAN P. D., HUNT G. E., CORNISH J. L., MCGREGOR I. S.: A role for
oxytocin and 5-HT(1A) receptors in the prosocial effects of 3,4 methylenedioxymethamphetamine
(“ecstasy”). Neuroscience 146: 509–514, 2007.
22. MCNAMARA R., KERANS A., O’NEILL B., HARKIN A.: Caffeine promotes hyperthermia and
serotonergic loss following co-administration of the substituted amphetamines, MDMA (“Ecstasy ”)
and MDA (“Love”). Neuropharmacology 50: 69–68, 2006.
23. LIEBOWITZ M. R.: The chemistry of love. Little Brown and Company, Boston1983.
24. MARAZZITI D., RUCCI P., DI NASSO E., MASALA I., BARONI S., ROSSI A., GIANNACCINI G.,
MENGALI F., LUCACCHINI A.: Jealousy and subthreshold psychopathology: a serotonergic link.
Neuropsychobiology 47: 12–16, 2003.
25. KIMATA H.: Kissing reduces allergic skin wheal responses and plasma neurotrophin levels. Physiol.
Behav. 80: 395–398, 2003.
26. MCINTYRE M., GANGESTAD S. W., GRAY P. B., CHAPMAN J. F., BURNHAM T. C.,
O’ROURKE M. T., THORNHILL R.: Romantic involvement often reduces men’s testosterone levels –
but not always: the moderating role of extrapair sexual interest. J. Pers. Soc. Psychol. 91: 642–651,
2006.
27. HENNESSY M. B.: Hypothalamic-pituitary-adrenal responses to brief social separation. Neur. Biobehav.
Rev. 21: 11–29, 1997.
28. SHOJA M. M., TUBBS R. S., ANSARIN K.: A cure for infatuation?: the potential ‘therapeutic’ role of
pineal gland products such as melatonin and vasotocin in attenuating romantic love. Med. Hypotheses
68: 1172–1173, 2007.

Stárka L.

Prague Medical Report / Vol. 108 (2007) No. 4, p. 297–305

305)

29. MILGRAM N. A.: Stress and coping in time of war: generalizations from the Israeli experiences.
Brunner Mazel, New York 1986.
30. SIMPSON J. A., RHOLE W. A.: Stress and secure base relationships in adulthood. Adv. Pers. Relat.
5: 181–204, 1994.
31. LEGROS J. J.: Inhibitory effects of oxytocin on corticotrope function in humans: are vasopressin and
oxytocin ying-yang neurohormones? Psychoneuroendocrinol. 26: 649–655, 2001.
32 . ESCH T., STEFANO G. B.: The Neurobiology of Love. Neuroendocrinol. Lett.. 26: 175–192, 2005.
33. NEUMANN I. D.: Oxytocin: the neuropeptide of love reveals some of its secrets. Cell. Metab.
5: 231–233, 2007.
34. MCCARTHY M. M., KOW L. M., PFAFF D. W.: Speculations concerning the physiological significance
of central oxytocin in maternal behavior. Ann. NY Acad. Sci. 652: 70–82, 1992.
35. HERBERT J.: Oxytocin and sexual behaviour Brit. Med. J. 309: 891–892, 1994.
36. MCGREGOR G. P., LANG R. E.: Oxytocin in the male: an old hormone growing sexy with age.
Exp. Clin. Endocrinol. Diabetes 109: 83–86, 2001.
37. UVNÄS-MOBERG K.: Antistress pattern induced by oxytocin. News Physiol. Sci. 13: 22–25, 1998.
38. GONZAGA G. C., TURNER R. A., KELTNER D., CAMPOS B., ALTEMUS M. : Romantic love and
sexual desire in close relationships. Emotion 6: 163–179, 2006.
39. FILIPPI S., VIGNOZZI L., VANNELLI G. B., LEDDA F., FORTI G., MAGGI M.: Role of oxytocin
in the ejaculatory process. J. Endocrinol. Invest. 26: 82–86, 2003.
40. GREWEN K. M., GIRDLER S. S., AMICO J., LIGHT K. C.: Effects of partner support on resting
oxytocin, cortisol, norepinephrine, and blood pressure before and after warm partner contact.
Psychosom. Med. 67: 531–538, 2005.
41. UVNÄS-MOBERG K.: Oxytocin may mediate the benefit of positive social interaction and emotions.
Psychoneuroendocrinol. 23: 819–835, 1998.
42. KOSFELD M., HEINRICHS M., ZAK P. J., FISCHBACHER U., FEHER E.: Oxytocin increases trust in
humans. Nature 435: 673–676, 2005.
43. LIM M. M., WANG Z., OLAZABAL D. E., REN X., TERWILLIGER E. F., YOUNG L. J.: Enhanced
partner preference in a promiscuous species by manipulating the expression of a single gene. Nature
429(6993): 754–757, 2004.
44. YOUNG L. J., WANG Z.: The neurobiology of pair bonding. Nature Neurosci. 7: 1048–1054, 2004.
45. KENDRICK K. M.: The neurobiology of social bonds. J. Neuroendocrinol. 16: 1007–1008, 2004.
46. BIELSKY I. F., YOUNG L. J.: Oxytocin, vasopressin, and social recognition in mammals.
Peptides 25: 1565–1574, 2004.
47. DEBIEC J.: Peptides of love and fear: vasopressin and oxytocin modulate the integration of information
in the amygdala. Bioessays 27: 869–873, 2005.
48. STÁRKA L., DOSKOČIL M.: Vomeroferiny – šance pro léčbu hypotalamických poruch. Vesmír
76: 202–206, 1997.
49. VAN ANDERS S. M., HAMILTON L. D., WATSON N. V.: Multiple partners are associated with higher
testosterone in North American men and women. Horm Behav. 51: 454–459, 2007.

Endocrine Factors of Pair Bonding

