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Abstract

Romantic love is defined as the early stage of love. As a result of neural and

endocrine stimuli, some emotional, physiological and biochemical changes occur

in romantic love and as a result, some physical symptoms are observed. Certain

chemical and biological changes, called neurotransmitter storm, activate neurons

in some parts of the brain in the person in romantic love and make the rest of the

body out of control. It is known that romantic love stimulates the reward and

motivation system in the brain and causes an increase in dopamine levels.

Dopamine is the neuromodulator responsible for the brain's reward system. In
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Introduction

In general, an intense, passionate and romantic
love can be described as a sense of commitment
and a passionate love for another person, includ-
ing the feeling of lust and sexual intercourse. The
romantic love described here defines passion and
pure love to the extent that only has desire for
her/him. When a person falls in love, emotional,
physiological and biochemical changes occur and
as a result, some physical symptoms and signs
are observed.! Let’s remember the first time we
saw someone we love. When we saw her/him, we
have experienced some changes such as blush-
ing, tongue twitching, tripped speech, stuttering,
nonsense words, silly speech and sweaty palms.
Tachycardia and facial flashing are the first phys-
iological changes in romantic love.?

Behind the songs, poems, novels and films writ-
ten over the years about passionate and roman-

tic love, there is a complex and chaotic biological
process. Although authors, poets and composers
have associated this feeling with the heart as a
metaphor, scientific data shows that the heart
does not have such a function. Anyone can fall in
love, but most of us have trouble describing this
feeling. Those indescribable warm feelings that
we associate with the heart are formed by the
effect of some neural chemicals and hormones
released from our brain. Apparently, intense ro-
mantic love is all about the brain. As a result of
some chemical and biological changes in the brain
(which we can call a neurotransmitters storm),
neuron activations in some cerebral areas make
the rest of the body out of control.?

In general, it has been claimed that romantic love
(early stage of love) causes changes in key neu-
rotransmitters such as increased dopamine (DA)
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levels and correspondingly decreased serotonin
concentrations as a result of activation of certain
structures of the limbic system. The second stage
of love (long-term relationship) is mainly regu-
lated by the attachment system and supported
by the hormones oxytocin (OT) and vasopressin
(VP).1

Dopamine is the hormone responsible for most
of the brain’s reward system. This means con-
trolling both the good and the bad things. We
also experience DA fluctuations in our virtues
and vices. Obviously these changes are mainly
mediated by autonomic nervous system. In this
article, the neuroanatomical factors that partic-
ipate in causing passionate and romantic love are
tried to be explained. Some biological, biochemi-
cal and physiological factors cause fall in love and
some of them can be explained by neuroanatom-
ic knowledge. Spiritual and metaphysical factors
are not the subjects of this article.

Cerebral areas which are
stimulated in the romantic love

Functional magnetic resonance imaging (fMRI)
and electroencephalography (EEG) methods
have been used to detect the areas of the brain
that are stimulated and active in romantic love.?
FMRI studies in romantic lovers provide evidence
for the hypothesis that romantic love is associat-
ed with some functional changes in the reward
and motivation systems. Showing individuals
photos of their loved one (visual tests) or saying
their name (verbal tests) causes more activation
in reward and motivation systems such as ven-
tral tegmental area (VTA), caudate nucleus (NC),
accumbens nucleus (NAc), anterior cingulate cor-
tex, substantia nigra and medial insula.** Based on
these findings, some researchers have suggested
that romantic love can simulate a form of addic-
tion.58

a) Brain reward and motivation system

Ventral tegmental area, ventral striatum (VS) (NAc
and olfactory tubercle), dorsal striatum (DS) (NC
and putamen), prefrontal cortex, insular cortex,
limbic areas (hippocampus and amygdaloid body
(AB)), thalamus and hypothalamus are cerebral
areas that form the “basic reward system” (me-
socorticolimbic circuit). The main neuromodula-
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tor secreted from the reward system is DA. DA
allows people to do things that make them feel
good and happy. High levels of DA and noradrena-
line are released during attraction, which is being
affected by a beloved.’

FMRI studies show that intense romantic love
feelings activate regions of the brain’s reward
system, particularly DA pathways associated
with energy, focus, learning, motivation, ecstasy
and craving, such as the VTA, NC and NAc. These
three regions are also the primary regions asso-
ciated with substance and non-substance addic-
tions.> "8

In an article published in 2005, researchers eval-
uated the results of fMRI activation of 17 people
(right-handed, average age 21 years, 10 women)
who experienced intense romantic love. The in-
tense love experience of the participants was
confirmed with the Passionate Love Scale (PLS)
and the Affect Intensity Measure (AIM). During
the fMRI scanning session, participants were first
shown a photograph of their beloved (positive
stimulus) and asked to think about particularly
pleasurable, but not sexual, experiences with the
loved one. This process took 30 seconds. After
the neutral waiting period, the same participants
were shown a photograph (neutral stimulus) of
an acquaintance of the same age and gender as
the beloved, but emotionally neutral (neutral).
This process (sequence) was repeated six times.
Based on the results of the study, the research-
ers found the following findings: 1. When partici-
pants looked at their beloved, specific activations
occurred in the right ventral midbrain, which
includes the VTA and in the dorsal NC body and
tail. 2. A decrease in AB activity was observed.
3. The fMRI activations in the septum-fornix and
the right anteromedial NC (body) regions cor-
related (positively) with the PLS results. That is,
people who reported high levels of romantic love
had increased fMRI activations in these speci-
fied regions. 4. Compared with neutral stimuli,
those with a more aesthetically pleasing part-
ner showed more neural activity in the left VTA
than those with a less attractive partner. 5. There
was a (positive) relationship between the length
of the love relationship and activations in limbic
cortical regions (anterior and posterior cingu-
late, mid-insula and retrosplenial cortex), cortical
areas (parietal, inferior frontal and middle tem-
poral cortices) and some basal nuclei (left ventral
putamen and a small region of pallidum). As a re-
sult of these findings, the researchers suggested
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that intense romantic love induces the activation
of subcortical reward and motivation systems,
especially rich in DA.3

In arecent study, the emotional responses of first-
time newlyweds (n = 13) to facial images of their
loved ones were analysed using fMRI. Besides,
the correlations of the distributions of some
genes related to VP, OT and DA in saliva, roman-
tic love scale responses (Eros) and fMRI results
were analysed. These processes were repeated
in the first moments of their marriage and then
in the 1st year. Results showed activations in the
right substantia nigra (SN) (a DA-rich region) and
left paracentral lobe (related to sexual activation)
in response to partner facial images on fMRI in
both time periods. There were also positive cor-
relations between these results and Eros scores.
At the beginning of their marriage, partner acti-
vations predicting the maintenance of romantic
love were observed in the raphe nuclei, pons, me-
dial prefrontal cortex and paracentral lobe, right
perirhinal/fusiform, superior frontal gyrus, superi-
or temporal gyrus and left praecuneus. On the oth-
er hand, at the first year of their marriage, visual
tests showed activation of right AB/globus palli-
dus, left middle insula, bilaterally occipital cortex,
supplementary motor area, precentral gyrus, left
and right superior frontal gyrus and parietal area.
As aresult of these findings, the authors suggest-
ed that romantic love and its maintenance are
regulated by DA, VP and OT rich brain regions.*

b) Ventral tegmental area (VTA)

The VTA is located in the mesencephalon. This
area is one of the parts of the primitive brain. The
VTA contains dopaminergic cells that send pro-
jections to various brain regions, including the
NC and is a DA-producing centre that manages
our brain’s impulses such as reward, motivation
and cravings. It has been shown that situations
such as cocaine addiction, making money and
chocolate addiction etc activate the VTA through
the reward system.710-12

One of the structures first activated in romantic
love is the VTA. Recognising a potential reward,
the VTA begins to produce and secrete a chemical
called DA, a “feel-good neurotransmitter”. Jump-
ing from one neuron to another, DA stimulates
some regions in the limbic system via the me-
solimbic pathway and prepares the brain to pay
attention and respond to the expected rewards
from many positive (or negative) actions.> 13
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In an fMRI study, it was reported that when par-
ticipants looked at their beloved, specific acti-
vations occurred in the right VTA and “fire like
crazy”.? Another study showed that activation of
the left VTA is particularly associated with a face
deemed aesthetically pleasing (liking). In con-
trast, right VTA activation was increased during
presentation of a face that participants would
like to see longer (ie, fall in love, wanting).'* Aron
et al also showed that participants with a more
aesthetically pleasing partner had more neural
activity in the left VTA than those with a less at-
tractive partner.’

c) Accumbens nucleus (NAc)

The NAc is located in the basal forebrain and pos-
terior to the preoptic region of the hypothalamus.
Each cerebral hemisphere has one NAc and con-
sists of two subregions, the core and the shell.
These substructures have different morphology
and cognitive functions. The NAc and olfactory
tubercle together form the ventral striatum (VS).
The VS and the dorsal striatum (NC and putamen)
form the striatum, which is the main component
of the basal nuclei. The dopaminergic neurons of
the mesolimbic pathway project to the GABA-er-
gic (gamma-aminobutyric acid) neurons of the
NAc and olfactory tubercle. The NAc has an im-
portant role in reward, motivation, aversion and
reinforcement learning. It has an important role
in addiction because it is included in the reward
system.”1®

Activation in the mesolimbic pathway stimulates
the NAc. FMRI studies have also shown that NAc
is activated in people who are passionately in
love. This stimulation speeds up DA production
and fills our brains with increased feelings of
happiness, euphoria and desire. These feelings
will also cause more attraction to the person we
fall in love with. The vicious circles of substance
abusers resemble the first phase of romantic love.
NAc, which is also activated when calculating
our gains and losses, is also activated when we
decide to take big risks. For this reason, people
in romantic love can feel strong enough to leave
everything in their lives and take radical deci-
sions.* 16

Addiction is a chronic and recurrent brain dis-
ease caused by changes in neural circuits in dif-
ferent parts of the brain. In addition to the VTA
and NAc, known as reward centres, certain brain
areas such as the prefrontal cortex and AB are
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associated with addiction. Excessive DA release
from the reward centre with substance ingestion
triggers structural and neurochemical changes in
anatomical circuits in the long term and leads to
addiction.’ Similar changes are thought to occur
in passionate love.”

d) Basal nuclei (Nucleus caudatus - NC)

The NCis one of the structures that constitute the
corpus striatum, a component of the basal nuclei.
NCs are a C-shaped collection of neurons locat-
ed mainly above the thalamus. Each hemisphere
of the brain has one NC and has subregions from
front to back, called the head (caput), body (cor-
pus) and tail (cauda). In addition to motor coor-
dination tasks, the NCs are involved in learning
(procedural and associative) and inhibitory con-
trol of action functions. They are also part of the
cortico-basal nucleus-thalamic circuit that forms
the reward system. The NC and putamen togeth-
er form the DS. The DS is divided into medial (NC)
and lateral (putamen) subsections via the inter-
nal capsule.’’

The NC and VTA play important roles in reward
and motivation in the human brain. Especially the
anteromedial region of the NC is activated during
monetary reward expectation, reward-based
stochastic learning, attention, spatial and tem-
poral somatosensory discrimination tasks and
simple passive visual processing. This region is
most likely associated with the rewarding, visual
and perhaps attractive aspects of romantic-pas-
sionate love. Intense and focused attention to an
individual is one of the main behavioural signs of
romantic love. Visual attention, reward, motiva-
tion and motor planning are generally associated
with NC function.?

In an fMRI study, when participants looked at
their beloved, it was reported that activations in-
creased in the right VTA and regions of the NC in-
cluding the dorsal body and tail.? In the other re-
cent study, the emotional responses of first-time
newlyweds to the facial images of their beloved
immediately and in the first year were analysed
by the fMRI method. In both time periods, posi-
tive correlations were found between activations
in the right substantia nigra and left paracentral
lobe and Eros (romantic love) scores in response
to partner’s facial images.*

e) Septal region (SR)

Septal region is formed by cortical subcallosal
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and paraterminal gyrus with the complex of sep-
tal nuclei located under these gyri and partially
in the base of the septum pellucidum. They are
composed of two laminae of both white and grey
matter.!® SR is one of the first regions found re-
garding the motivation and reward system. This
area is activated by the VTA and the medial fore-
brain bundle. It has been shown to play a role in
various emotional responses in animals, includ-
ing relief from aversive emotional states. Aron
et al showed in their study that individuals with
intense romantic love have increased fMRI acti-
vations in the septum-fornix region.?

f) Limbic system

The limbic system mainly consists of the hypo-
thalamus, anterior thalamus, hippocampal forma-
tion, AB, basal nuclei and cingulate gyrus. Parts
of this system are located deep within the brain,
above the brain stem and underneath the cere-
bral cortex. The limbic system is called the pa-
leomammalian brain.? The limbic system, which
consists of brain regions where the desire to live
(self-protection) and reproduction (sex) come to
the fore, is more active in animals. This system
is also active in animal urges and behaviours in
humans.?% 21

In the limbic system, there are three areas (but
not limited to) related to feelings of love, affec-
tion and compassion: the hippocampus, the medi-
al insula and the anterior cingulate gyrus. These
three regions regulate the sense of reward. In the
central nervous system, some areas of the limbic
system, such as the hippocampus, are the primary
areas that cause us to fall in love. These regions
deactivate the prefrontal cortex, which is the logi-
cal region, and cause a feeling of love.??

In a study, it was reported that fMRI activations
were observed in some cerebral cortical areas and
some basal nuclei structures, as well as in some
limbic cortical regions such as the anterior and
posterior cingulate, mid-insula and retrosplenial
cortex in people who experienced intense roman-
tic love. Besides, there was a positive relationship
between these activations and the length of the
relationship in love.?

i) Cingulate cortex and insula

The cingulate cortex (which means belt in
Latin) consists of the cingulate gyrus and
its cortical grey matter, located between
the cingulate and callosal sulci. As its name
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suggests, it wraps the corpus callosum in
the form of an arch from the front, superior
and back. The cingulate cortical Brodmann
areas 29 and 30, located at the back of the
splenium corpus callosum are called the ret-
rosplenial cortex. Like the cingulate cortex,
the retrosplenial cortex is responsible for
performing several cognitive functions, in-
cluding episodic memory, navigation, imag-
ination and planning for the future.?2*

In an fMRI study, a positive relationship was
found between long-term romantic love and
activations of the anterior cingulate, retro-
splenial cortex and mid-insula. Correlations
in the anterior cingulate are particularly
important in this study. This region is as-
sociated with “obsessive thinking”, which is
a key feature of romantic love. It is thought
that such feelings as passionate love, not
giving up the lover, always thinking about
her/him, not seeing anyone else, etc are re-
lated to this area.?

i) Amygdaloid body (AB)

The AB is a pair of limbic systems and rhin-
encephalon complex that are almond-like
(amygdala means almond in Latin), located
in front of the hippocampal body (pes hippo-
campi). Itis a crucial structure that performs
three major cerebral functions, including the
expression of emotions, memory processing
and managing stimulant input. Besides, the
AB borders with secondary olfactory areas
and paleocortex structures.?* 26

g) Cerebral cortex

Aron et al determined that individuals who ex-
perienced intense romantic love had increased
fMRI activations in some cerebral cortical areas
such as the parietal, inferior frontal and medi-
al temporal cortex, along with some basal nuclei
structures and some limbic cortical regions. In
addition, there was a (+) relationship between
these activations and the length of the relation-
ship or time in love.?

The amplitude values (ie frequency bands or
waves) obtained in electroencephalography
(EEG) are as follows delta (~1-4 Hz), theta (~4-
8 Hz), alpha (~8-13 Hz), beta (~ 13-20 Hz) and
gamma (~> 20 Hz), respectively. For example, the
lower delta and theta frequency bands are high
during sleep. However, alpha frequency bands
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are high during relaxation and beta and gamma
frequency bands are high during cognitive pro-
cessing.”” In a study on the effect of love emotion
on face perception, the EEG recordings were tak-
en by showing pictures of the loved person, ap-
preciated friend, unfamiliar person and a blank
page to people in a romantic love relationship (20
women). As a significant finding of the study, they
observed that higher delta amplitude values (0.5-
3 Hz) occurred on the frontal electrodes when
the picture of the person they fell in love with
was shown. Although it is debatable, this frontal
increase in delta power has been interpreted as
reflecting the love felt toward the romantic part-
ner.28

Frontal alpha asymmetry in EEG reflects the bal-
ance between the left and right frontal lobe acti-
vation. A higher left frontal activation indicates
motivation to approach, whereas a higher right
frontal activation indicates motivation to avoid.
Since alpha power is inversely proportional to
brain activation (because it occurs during the
relaxation phase) and romantic love is related
to the motivation to approach the lover, it is pre-
dicted that beloved stimuli will reveal greater left
frontal alpha activation.?” In a very recent study,
EEG recordings and alpha activity asymmetry
were examined during some tasks (tasks of love
induction and picture viewing) to university stu-
dents in love (n = 22) and not in love (n = 20). As
the findings of the study, during the love induc-
tion task, they observed higher alpha activity in
the right occipital region in love group, while they
observed higher alpha activity in the left occipital
region in the not in love group.3°

h) Hypothalamus and pituitary gland

The hypothalamus is located in the inferior-ante-
rior part of the diencephalon and is considered as
the centre of the limbic, endocrine and autonom-
ic nervous systems. Some areas of the reward
centre (or system) are located in the lateral hy-
pothalamus. This centre has an important role in
falling in love. In addition, mediators (DAs) and
hormones (VP and OT) that enable the feeling of
love are secreted from the hypothalamus, stored
in the posterior pituitary (VP and OT) and then
they are released to the whole body through the
blood.3"32

Apart from their primary effects, VP and OT play
a role in the formation of feelings of connection,
commitment and jealousy concerning passion-
ate love. The OT is also called the “cuddle hor-
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mone” and activates reward systems through
interactions with brain DA in some people.®®* The
VP, on the other hand, is associated with physi-
cal and emotional mobilisation and supports the
vigilance necessary to protect the partner. The
long-term relationship can be sustained by the
presence of these two hormones.** These two
hormones facilitate partner selection, bonding
and mating. The difference between the two is
that OT has stress-reducing effects, while VP cre-
ates a stress response by increasing fear. Thus,
the reward centre of the brain is activated, while
AB is inhibited.?3*

The pituitary gland is an endocrine organ located
in the lower part of the hypothalamus and in its
special bony cavity (sella turcica) and it produces
many hormones and secretes them into the body.
Activation of the mesolimbic pathway stimulates
the adrenal glands via adrenocorticotropic hor-
mone (ACTH) and increases the production and
secretion of adrenaline into the blood.?* With fol-
licle-stimulating hormone (FSH) secreted from
the pituitary gland, the production and secretion
of testosterone and oestrogen hormones increase
from the gonads (testes and ovaries). In addition,
FSH stimulating and inhibitory factors secreted
from the hypothalamus control the secretion of
FSH in the pituitary gland. Testosterone increas-
es libido, which we can translate as “sex desire” in
almost everyone. In oestrogen, this desire is rela-
tively less pronounced. However, it is known that
some women are more sexually motivated during
ovulation when oestrogen levels are highest.

Passionate love can be divided into three emo-
tional stages: lust, attraction and attachment.
Each stage is characterised by its group of hor-
mones. Testosterone and oestrogen stimulate
the lust emotion, which is a very good reward
for the need for reproduction and perpetuation
of the species. DA, noradrenaline and serotonin
increase the sense of attraction. While OT and VP
mediate feelings of attachment and loyalty.? 22

In conclusion, romantic love is an emotion me-
diated by different neural structures and is the
result of a dynamic process consisting of vary-
ing constituents. Falling in love has three main
effects on the human body, physiologically, emo-
tionally and physically. These findings are medi-
ated by some hormones and neurotransmitters.
So, falling in love is not a pathological condition.
However, unrequited romantic love can some-
times lead to pathological consequences. The
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emotional states of love, lust, affection, trust and
belief are complex neurobiological events based
on the activation of reward and motivation sys-
tems in the brain. It should be known that the
subject is not as simple as the explanation above.
Although all neurons have a similar histological
structure and physiology, stimulation of them in
different regions results in different functions. As
in all subjects of neuroscience and behavioural
sciences, there are many questions waiting to be
clarified on this subject and new discoveries are
needed.
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