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The present paper is the personal narration of the author reviewing her scientific pathways that led her toward
the study of oxytocin. My work began with a pioneering study showing a decreased number of the serotonin
transporter proteins in romantic lovers. This unexpected finding promoted my interest in the neurobiology of

i:{(;tonm human emotions and feelings, and significantly shifted my research focus from diseases to physiological states
Oxytocin that underlie “love.” During this time increasing experimental data broadened the spectrum of activities of

oxytocin from female functions, such as parturition and lactation, to modulation of the stress and immune
system. The literature also began to reveal an important role for oxytocin in a sense of safety and wellbeing,
processes that are critical to both love and survival. I suggest here that future studies should disentangle different
emerging questions regarding the exact role of oxytocin within human nature, as well as its possible therapeutic
applications in different physiological conditions and pathological states. Understanding these, in turn, holds the
potential to improve the lives of both individuals and societies.

1. The antecedents: walking and learning in the shadow of
giants

I was an adult before I realized that not everyone lived near Florence
or Rome or grew up in a place that inspired the Renaissance. Pisa, where
I was educated, of course is known to most people for its iconic “leaning
tower.” However, Pisa also was the birthplace of scientists whose work
helped to create the modern world. Galileo, often considered the
founder of the modern scientific method came from Pisa. Fibonacci (aka
Leonardo of Pisa), considered the greatest Western mathematician of the
Middle Ages, lived in this area in the 12th century. The University of Pisa
was formally established in 1343 and was biologically oriented from its
foundation.

However, when I enrolled in medical school at the University of Pisa
(Italy), I was only 18 years old. I had no idea of what kind of doctor I
would like to become. I was simply interested in the human being as a
whole and not specializing in the study of any single function or organ.
However, as soon as I passed my examinations in Anatomy and Physi-
ology, Irealized that I was fascinated by the human brain and would find
research in the fields intimately linked to the brain most fulfilling. I was
encouraged to pursue my activities in psychiatry by Professor Giovanni
Battista Cassano, a recently-appointed full professor of Psychiatry at Pisa
University, who suggested that I prepare my graduation thesis in his
department. I did and graduated in Medicine in July 1981.
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1.1. The 1980s

The 1980s were an exciting period for Psychiatry and Neuroscience.
At that time, the prescription of psychotropic drugs was becoming more
focused, as a result of increasingly detailed diagnostic criteria and
increasing contributions of biological research. Neuroscience was
evolving rapidly and neuroscientific methods were becoming easier to
use and, consequently, more generally available and affordable [1].
These advances began to have a real impact upon clinical research and a
true link was finally being established between laboratory data and
clinical practice [2]. Also, new and more targeted drugs, namely selec-
tive serotonin reuptake inhibitors (SSRIs), were being developed; these
not only resulted in a radical change in the treatment of depression, but
they also permitted the treatment of certain other categories of patients,
such as those affected by obsessive-compulsive disorder (OCD) and
related disorders that had long been considered unresponsive to psy-
chotropic compounds [3,4]. Generally speaking there was a widespread
feeling of enthusiasm; my generation of physicians felt confident that
further light would soon be shed on the mysteries of the brain and
neuropsychiatric conditions, now that it seemed evident that “brain =
mind".

As I prepared my final thesis, I became increasingly fascinated by the
emerging field of Biological Psychiatry and wanted to continue the
tradition of my Department. In 1983, part of my medical residency was
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carried out in Psychiatry at the University of Oslo (Norway). There I had
the good fortune to spend time in the laboratory of Professor Elling
Kvamme. Professor Kvamme was a distinguished scientist, conducting
neurochemical studies on glutaminase. This allowed me to become
familiar with the basic methods employed in clinical neurochemistry.
Although the experience in Norway was great, [ had felt some degree of
discomfort in dealing with the lab activity only. I missed contact with
patients.

Therefore, when I returned to Pisa, I started working in both clinical
wards and the Department’s chemistry laboratory. That laboratory had
been created some 20 years earlier by Professor Cassano. It was a really
exciting period for me. Although I was very young, I became the person
in charge of selecting scientific directions that would be pursued by our
group. After a series of intensive brainstorming sessions, we decided to
focus on two main research projects, involving (a) the platelet serotonin
transporter and (b) the putative endocoids acting on central benzodi-
azepine receptors. Both targets allowed the possibility of clinical studies
involving samples from psychiatric patients.

The first studies were carried out on the serotonin transporter (SERT)
in depressed patients and constituted the subject of my “Specialty
Thesis.” These also became my first relevant international publications
[5-7]. After specializing in psychiatry, I felt the need to broaden my
knowledge and also technical ability and therefore began another resi-
dency in Clinical Biochemistry, training that I completed in 1990.

During this period, the activity of our laboratory was attracting an
ever-increasing number of medical and biological students. Our program
became substantially larger and new working arrangements were
possible within other Departments throughout the University of Pisa.
This provided different expertise and methods and I had the opportunity
to collaborate with and explore other domains, including Biochemistry
and Pharmacology in the Faculties of Pharmacology, Immunology, and
Neurology, as well as Pathology in the Faculty of Medicine, and Cell
Biology in the Faculty of Science and the Department of Chemistry. The
link with the Department of Biochemistry became so productive that
after a few years we were amalgamated into a single, much larger,
interfaculty department called “Dipartimento di Psichiatria, Neuro-
biologia, Farmacologia e Biotecnologie”.

1.2. The fantastic nineties of the past century

In September of 1990, I was awarded a CINP young investigator prize
in Kyoto (Japan) where I met many foreign colleagues and began col-
laborations with different centers, such as the Mount Sinai Medical
School in New York City and the Department of Psychiatry, at the
University of Georgia. For a decade for one month each year I traveled to
the United States to carry out different projects.

Collaborations with different institutes abroad enabled me to enlarge
my focus and areas of interest and the research projects became more
varied. I began to perform pre-clinical studies, such as those in rat and
calf brains, or on human brain postmortem tissues. In those models we
characterized the SERT and different serotonin receptor subtypes, using
in situ hybridization. Subsequently, we compared serotonin receptors in
postmortum brain samples from patients with different psychiatric
conditions, which had kindly been supplied by the NAMI Research
Institute from Washington DC [ [8-16]).

The nineties of the past century represent a real turning point in my
professional and personal life. Since the 90’s, OCD and related disorders
have attracted increasing interest throughout the world and it also
became one of my main interests, and I began to use available peripheral
biomarkers to understand the biology of OCD. In some of my studies, our
group, and others, demonstrated that OCD patients may show a reduc-
tion in the number of serotonin transporter platelets (SERT), and that
these were proportional to the severity of the obsessive-compulsive
symptoms involved. Furthermore these measures can returns to
normal levels after specific pharmacological treatments [17-20]. How-
ever, it was difficult to recruit drug-naive patients for a reliable
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assessment of the SERT. During this time, I was searching for a normal
“physiological” model resembling the obsessions and/or compulsions
we saw in OCD. As widely reported in the psychological and psychiatric
literature, the prevalent ideation of the early phase of romantic love is
very similar to a pathological obsession.

One morning I had a sort of sudden “inspiration” to study the SERT in
romantic lovers. It took some months to recruit the sample with the very
stringent criteria I adopted, but it gradually was possible and I had my
first results. When my coworkers and I assess biomarkers, this process is
conducted under totally experimentally blind conditions; that is to say,
there is no possibility to identify the subjects or their clinical pathology.
When my colleagues showed me the results on romantic lovers the
general comments was “these are very crazy patients.” I also did not
trust the results and we repeated the experiments; but the results did not
change. It was 1994, and I wrote the paper with Professor Hagop S.
Akiskal, one of my tutors who had become a good friend. In general once
I am confident of the data I usually immediately submit a paper to a
journal. This time I did not do that. Indeed, I felt that this study could
change my life and that I was not ready to cope with it. However, after
some years I sent that paper on reduced number of the SERT in romantic
lovers to Psychological Medicine. It was quickly published in 1999, with
the editor-in-chief commending it in a hand-written accompanying let-
ter [21].

What I did expect actually happened. For the first time in my expe-
rience, I saw clear biochemical evidence that a widely recognized
emotion or feeling might have a biological substrate [21]. The results of
my study on romantic love became widely discussed, even amongst the
general public. Media from around the world immediately reported that
a scientist had unveiled the “biological roots of love,” while others
claimed that I had destroyed the poetry of love (incidentally, for this
reason I was awarded the IgNobel prize for chemistry!). In the years that
followed I did interviews and participated in TV programs from different
countries. I adapted my scientific knowledge and language to explain to
nonscientists what we had discovered. It was very rewarding for me to
learn how to become understandable and to share scientific data,
something that might not have happened if I had not begun to study
“love.”

1.3. From the dawn of the third millennia to nowadays

I soon became aware that these novel findings were opening new
perspectives, both scientifically and personally. I have been always
considered it a privilege to have the possibility to do research in total
freedom and to select which deepest part of myself to study. This
freedom allowed me to shift part of my research focus from pathological
conditions to normal states, while becoming increasingly aware that the
border between the two is vague and influenced by many factors. I
realized that people worldwide are so interested in love because this is
the most extraordinary and strong experience of our nature. At the same
time disruptions in love and relationships can precipitate psychopath-
ological conditions, from anxiety to psychosis, especially amongst those
with no partner, with unrequited love or after a relationship breaks up -
especially when there is a sense of abandonment. Therefore, I started to
pay more attention to the emotional experiences of my patients, and to
transfer “cold” neuroscientific data to the bedside. From the personal
point of view, I knew that I was changing and that I was profoundly
affected by this kind of research; what I was doing was rewarding while
touching me deeply.

1.4. The neurobiology of love

I gradually became aware that this typically feeling, what humans
call “love,” is the results of different stages, each managed by well-
conserved (from an evolutionary point of view) and well-integrated
neural substrates [22-24]. While examining the shared features in the
ideation of romantic lovers and the obsessions of OCD patients, I realized



D. Marazziti

that along its various stages love must be regulated by different systems
and neurotransmitters. The neurobiology of neuropsychiatric disorders,
as well as emotions and feelings could not rely simply on one or a few
neurotransmitters [25]. Rather, love is complex and multifaceted, and
rooted in ancient brain structures. It emerges as a consequence of the
dynamic interplay of different factors, such as genetics, epigenetics and
environmental factors.

The earliest stage, generally called romantic love, helps us deal with
the fear and anxiety associated with strangers. This requires changes in
limbic brain structures and major neurotransmitters including increased
monoamine levels and decreased serotonin concentrations [21,24]. The
temporary state of “madness” experienced by people in the phase of
romantic love may have an evolutionary purpose, as it pushes the in-
dividual to become more impulsive, to overcome fear and neophobia,
and to willingly accept being close to others. Love can be considered,
therefore, “a fear without fear”, since it involves the same systems that
regulate anxiety, fear and stress responses [26]. Overcoming fear is a
universal feature of love - seen all over the world. That is to say, it allows
the individual to get out of states of fear and move toward a perception
of safety and eventually social support [27]. This realization was a great
turning point. I felt insignificant in the face of the mysterious mecha-
nisms of love and the magnificence of nature and the deep biology which
allows these feelings. It was a great challenge to begin to explore the
deeper neurobiology of love.

I had fallen in love with romantic love. At this point, the neurosci-
entist in me began to look for molecules that might be more specific to
love. It was here that oxytocin would become my next focus. I had my
first personal encounter with oxytocin while listening to a seminar given
by Professor Jaak Panksepp [28]. This was during a one-month sab-
batical at the National Institute of Mental Health in Bethesda in 1991. At
the same time I also met Thomas Insel. Dr. Insel shared by clinical in-
terests in OCD and later on in attachment [29,30], so meeting him also
inspired me and helped my thoughts to crystalize concerning the par-
allels between OCD and love. Dr. Leckman was another colleague that I
met at different meetings who also underlined the similarities between
OCD and paternal or romantic love [31].

Around 1990, I had begun to collect the available literature on the
biology of love. In that time period it began to be apparent that oxytocin
was not just a female reproductive hormone - a mistaken notion that had
possibly delayed it being taken seriously. It is also useful to note here
that, in those days before the internet, perhaps the most difficult prob-
lem for many international scientists, was gaining access to this kind of
information, often written in English and only found in good libraries. In
1998 a special issue of Psychoneuroendocrinology entitled “Is there a
neurobiology of love” became a sort of bible for me [32]. In that volume
I recall reading papers by Sue Carter and Stephen Porges, described the
biology of love. I had also studied the 1990 book from Paul MacLean
book called “The Triune Brain” [33]. Together, all these various con-
tributions demonstrated how motivated states, such as love, spring from
evolving brain structures.

1.5. Oxytocin

Oxytocin is primarily produced in the hypothalamus, being released
in the early stages when the attraction phase starts. Oxytocin appears to
“transform” the “anxiety/fear” reactions into a sense of wellbeing,
reward and joy [34]. This is possible through the reduction of reactivity
in the stress systems [35,36], and the activation of the reward process-
ing, regulated by the neurotransmitter dopamine [37]. At the same time,
oxytocin is released in the blood stream and conveys information to
peripheral organs. Oxytocin is also produced in peripheral tissues, and
can return to the brain [38], creating loops linking brain mechanisms to
the periphery.

One of the most important targets for oxytocin is the vagal system.
According to the polyvagal theory, first articulated by Porges in the
1990s [39-42], the activity of oxytocin on the brainstem nuclei that
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regulated the vagus would help to explain the different emotions and
bodily changes experienced during social bonding and love. One of our
studies in healthy subjects actually confirmed the relationship between
anxiety during romantic attachment and oxytocin [43]. Research carried
out with functional magnetic resonance imaging showed activation in
brain areas, believed to be rich in OT receptors when an individuals look
at pictures of the partners [44,45]. Subsequent authors confirmed these
findings, while highlighting how love can be a strong motivational state,
creating activity in the neuronal circuitry of reward and pleasure [46]
and showing that long-term love activates the attachment system [47].

It is now evident that oxytocin is an extraordinary peptide and exerts
a multiplicity of activities. Oxytocin acts as a potent modulator of the
immune system and of anxiety and fear response, mainly with anxiolytic
effects, even during development [36,43,48-51], and it plays a promi-
nent role in homeostatic cellular processes [52]. Many of its
anti-inflammatory actions appear to be, at least in part, exerted through
the attenuation of inflammatory processes mediated by microglia and
macrophages [53-55]. Given its particular modulatory functions,
oxytocin may link social behaviours and experiences together with the
capacity to physically and emotionally heal in the face of stress or
trauma, perhaps with a sexually dimorphic effect. For example, in
healthy subjects, we recently found that women showed higher levels of
oxytocin than men [56]. Is this fortuitous? My personal opinion is that it
is not if we reflect on the notion that the most extreme, generous and
altruistic forms of love are feminine: just recall the tragedy of Medea or
Anne Karenina. Again, some of our data indicated that in some psychi-
atric disorders, specifically, OCD, post-traumatic stress disorder (PTSD)
or major depressive disorder (MDD), no sex-related difference was
detected, as if in these pathological conditions women might lose some
of their protection (or men might began to secrete extra oxytocin to
cope?) [57-60]. Overall, in that study oxytocin levels were higher in
OCD, lower in PTSD and lowest MDD patients, when compared to
healthy subjects. Naturally, other findings are necessary to draw firm
conclusions on this topic, especially those on sex differences in oxytocin
and vasopressin receptors [61,62], that may be relevant to the response
to trauma and vulnerability to disease [63-67].

Taken together, available data shows that oxytocin acts in close
intertwining with other systems and processes. Interestingly, using pe-
ripheral biomarkers we demonstrated the existence of a positive rela-
tionship between oxytocin and, my first love, serotonin [68-70], and
more recently of a negative link with the brain-derived-neurotrophic
factor (BDNF) (submitted).

2. Conclusions

New findings may answer some questions, and also may raise other
doubts and problems and open new horizons. This is science that is (or
should be) nurtured by doubts rather than by certainties. Scientists
should always be ready to abandon their beliefs on the basis of emerging
data. My personal scientific story is just one example. Each time you
start on a new path, this may lead to unexpected harbours, and you must
be flexible to accept that this process changes you.

In the past [ was in love with serotonin. Subsequently I fell in love
with love. Nowadays I love oxytocin. My deepest passion is for science
itself. However, as a scientist [ remain “polyamorous” and open to other
new relationships. My long career in science taught me that scepticism is
essential. My own experiences have taught me that the most extraordi-
nary human feelings, those associated with the healing power of love,
may depend (at least in part) on oxytocin. I must admit that I am
increasingly fascinated by oxytocin, perhaps still seeing it through the
eyes of “romantic infatuation.” However, oxytocin is part of a complex,
integrated system with multiple activities supporting coping with
trauma, resilience, health, wellbeing and love [52,71].

What I learnt from studying love and oxytocin is that in humans the
deep biology of love represents one of our most extraordinary attributes,
enabling us to reach our highest self-realization, especially when we can
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create safe social bonds and emotionally lose ourselves in another. Re-
lationships are important for survival. Cooperation has been identified
as an essential element of our evolution, and this should not be limited to
close humans, but to all human beings. Oxytocin is not racist. The
excessive selfishness and anthropocentrism of the latest decades has
produced negative consequences for our environment that may
endanger our survival as a species. I think it is now the time to take into
consideration, not just our own needs, but also our ties with nonhuman
animals and non bioptic elements permitting life on Earth. This will
demand that we exercise empathy, altruism and oxytocin-based quali-
ties, not only towards other members of our own species and generations
of humans that will follow us, but also towards our planet.
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