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Abstract: A surge of B-phenylethylamine (PEA), an endogenous monoamine found in traces in the human
brain and naturally present in chocolate, has been commonly associated with romantic love earning it the
nickname of “love molecule”. The origin of this association must be traced to a speculation dating back to the
early eighties that has over time become something of a factoid, reaching a large diffusion through the sharing
phenomenon of the Internet. What is disputed in this paper is the existence of any direct biochemical or
physiological evidence of the role of PEA in any of the phases of romantic love in the human species. The actual
and possible roles of PEA in human physiology are reviewed.
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“Yet mark’d I where the bolt of Cupid fell:

It fell upon a little western flower,

Before milk-white, now purple with love’s wound,

And maidens call it love-in-idleness.” William Shakespeare, A midsummer night’s dream (Act
II, Scene 1)

The search for a love potion has long been appealing to human imagination. Throughout history
folk recipes prescribed the use of herbs, roots, animals body parts or products, and human excretes
as common ingredients of formulations allegedly capable of influencing someone else’s love feelings
and/or erotic interests (Leonti and Casu, 2018). One example is the mandrake root, used as an
anesthetic, aphrodisiac and fertility drug, and magic until the 17th century. Casanova, the Italian
unrepentant seducer, reputedly ate fifty oysters each morning (and as many before each gallant
meeting) and the Aztec emperor Montezuma drank an equal number of chocolate cups a day to
sustain his sexual performances (Flight, 2021). The rationale behind the choice of ingredients is not
always comprehensible to the modern mind while scientific investigation is now beginning to
discriminate between facts and myths. Indeed, oysters have been found to contain exceptional high
levels of zinc whose deficiency in humans has been related to reduced serum testosterone
concentrations and seminal volume (Hunt et al, 1992). More recently, perfumes and lotions
containing putative human sexual pheromones are being advertised promoting to help “to attract the
woman of your dreams” and “be the most desired man in the room”. However, to date and despite
the miraculous claims no molecule has been identified that meets the criteria of the definition of
pheromone for the human species (Wyatt, 2015).

Literary works and, in the last two centuries, comics, cartoons and movies have often take up
the trope of love potions or powder. In many cases, the concoction will cast a spell on the
unsuspecting victim making her fall for the next person she sees, like the juice of the wild pansy in
Shakespeare’s comedy that turns Lysander’s and Demetrius’s love towards Helena. One of its latest
depictions is found in the 2015 Lucasfilm animation picture Strange Magic, where the main ingredient
of the potion is the innocuous Primula flowers which grows all along the border between the bright
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Fairy Kingdom and the gloomy Dark Forest; like love, as they say, hanging in the balance between
passion and hate.

Given these premises, the idea that there could be a “love molecule” out there (or in here)
certainly appeals to the more scientifically inclined popular imagination of today. Our principal

candidate for about forty years now has been the organic compound B-phenylethylamine (PEA)!, a
molecule naturally found in food and member of the monoamine family endogenous to the human
body. PEA belongs to the group of the trace amines together with tryptamine, octopamine, and other
metabolically related compounds present in the brain at low concentrations (Branchek and
Blackburn, 2003).

Surfing the web, one can find dozens of newspapers, articles and blog entries written by
scientific journalists and physicians indicating PEA as the chimerical “love drug” that assists the
human species igniting the spark of infatuation. Indeed, behavioral neuropharmacology studies has
found attraction in mammals and birds to be associated with increased or decreased levels of one or
more of the monoamine neurotransmitters circulating in the brain (Fisher, 1998). However, a Pubmed
advanced search with “phenylethylamine” and “love” as items in the Title/Abstract fields retrieved
no results. So, at least as a catch phrase, the association of the two terms appears to have never been
used in the medical literature. Reviewing the literature, we will learn that this attribution is purely
speculative but one of those that easily go viral among the general public. What can happen is that
when a source is being widely cited for a claim it does not adequately support it could give rise to a
false credence in the claim coming from multiple independent sources, affecting further research.
This amount to the Woozle effect, after the imaginary character of which Winnie-the-Pooh and Piglet
start following the tracks that later reveal to be their own (Wikimedia contributors, 2023).

The Stages of Romantic Love

A theory proposed by the American biological anthropologist Helen Fisher maintains that there
exists three stages of falling in love, namely lust, attraction, and attachment (Fisher, 1998). In her
view, each stage is associated with a different set of hormones and neurotransmitters that accounts
for emotional and motivational distinct features. While sex hormones like testosterone and estrogens
are long known to drive the research of a sexual partner in the first stage (Sherwin, 1994), serotonin
and cathecolamines like noradrenaline and dopamine are suggested to be involved in the second
stage (attraction). This is the moment in which almost nothing could distract us from thinking about
our desired partner. Dopamine is the chemical that triggers our motivation and anticipates the
reward of sexual coupling (Takahashi et al., 2015). Also, it is believed to increase our energy and
reduce the need for sleep and food in analogy with the effects of drugs that enhances dopamine
release (Koob et al., 2020). The obsessive aspect of love of which a distorted judgment about the
beloved one is a prominent feature would instead be driven by the alteration of serotonin metabolism,
possibly showing gender differences (Langeslag et al., 2012; Marazziti et al., 1999). The early phases
of romantic love does shares many psychological aspects with obsessive-compulsive disorder
although this relation is only limitedly substantiated by neurochemical investigation (McLauchlan et
al., 2022; Feygin et al., 2006).

Bertrand Russell wrote that love “is a state of illusion, serving the ends of Nature” (Russell, 1916):
the last phase (attachment) is the bet evolution won to aid in the preservation of the human species.
It is thought to be dependent on two other neurohormones, oxytocin and vasopressin, released
during and after intercourse and responsible to bond the lovers together (Bernaerts et al., 2017; Carter,
2017). This would help building a lasting monogamous pair for rearing vulnerable offspring but in
this final stage the exhilaration of the precedent two phases can be long lost. Popular culture says
romance can'’t last forever, but “real love” do. As a matter of fact, there are few fortunate couples for
whom it seems the romantic attraction persists over time due do the sustained activity of the so-called

1 Otherwise named phenethylamine and 2-phenylethylamine, which is its proper chemical
name (Irsfeld et al., 2013).
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dopaminergic reward system. In these individuals, viewing facial images of their partner still induces
a strong activation of the ventral tegmental area, one of the two largest dopaminergic regions of the
brain (Acevedo et al., 2012).

PEA PEA on the Wall...

Keeping the partly speculative Fisher’s account in mind, where does PEA comes in? PEA is one
of the bodily monoamine supposedly involved in the second stage of attraction. Marazziti and Canale
(2004) plainly wrote:

“One of the first biological hypotheses with regard to falling in love associates this state to
increased levels of phenylethylamine, on the basis of the similarities between the chemical
structure of this neurotransmitter and that of amphetamines which provoke mood changes
resembling those typical of the initial stage of a romance; however, no empirical data have
been gathered to support this theory [emphasis added].”

The two researchers cite Michael Liebowitz, psychiatrist and author of the book The Chemistry of
Love (1984), as the first proposer of the idea that PEA could be involved in the chemistry of romantic
feeling. In his book, Liebowitz seemed to appreciate the intoxication metaphor of love. Indeed, the
intense pleasure and euphoria associated with falling in love resemble those of a cocaine or
amphetamine trip (Tinklenberg et al., 1978). In both cases, the same ventral dopaminergic areas are
consistently activated (Burkett and Young, 2012). Conversely, drug withdrawal as well as emotional
rejection cause people to feel depressed. However, the same Dr. Liebowitz acknowledged the fact
that, at the time of his writing,

“[...] PEA’s role in our emotional life is at this point only a speculation. What we do have
is the observation that drugs that raise PEA levels [i.e., monoamine oxidase inhibitors] are
helpful for treating people who habitually become depressed after a romantic
disappointment.” (p. 100)

Thus, it is somehow ironic that he himself ended up starting the track of the Woozle. But this is
one common consequence of the way scientific knowledge is received by the general public, which
is frequently not at ease with conditionals or hypothetical thinking. Liebowitz is also credited to have
popularized the so-called chocolate theory of love, being the ancient Mayan “food of the gods” high in
PEA, they say (Emsley, 1999). In reality, PEA levels in chocolate is varying as a function of the
processing of cocoa beans, and cheese also contains PEA but nobody associated it with romantic
allure, did they? Hypothetically, even a relatively low concentration of 0.02 mg/kg as it was measured
in some samples (Ziegleder et al., 1992) could produce an effect on the brain; but even Liebowitz
acknowledged in his book that ingested PEA undergoes rapid enzymatic breakdown, preventing
significant concentrations from reaching the brain (Wu and Boulton, 1975). It is more likely that
supply of its direct precursor, the amino acid L-phenylalanine, could boost PEA concentration in the
brain if that should ever be the scope (Sabelli et al., 1986).

Another supporter of the nature of the PEA-love correlation is sex therapist Theresa Crenshaw’s
The Alchemy of Love and Lust: How Our Sex Hormones Influence Our Relationships (1996). In her book,
published ten years after Liebowitz’s, she explicitly referred to PEA as the “molecule of love”,
reinforcing the myth.

“Not surprisingly, high PEA levels have been found in the bloodstream of lovers, probably
accounting for the limerance that consumes them both. Chocolate also contains high levels
of phenylethylamine.” (p. 55)

The author didn’t bother to provide any reference for the first statement and seemed to take for
granted the chocolate theory of love. The fact that the second statement also originated from word of
mouth doesn’t add much to its credibility. Crenshaw went on to highlight the wonderful effects of
PEA, ranging from appetite suppressant to “love at first sight” passing from orgasm enhancer.

“That is probably why those intoxicated by romance often comment that they have lost their

appetite for everything but each other. PEA’s churning in their bloodstreams. Chemistry at

work and at play.” (p. 55)
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These affirmations also lack any bibliography. There are indeed references to food intake
suppression by PEA on rats (Dourish and Boulton, 1981; Gilbert and Cooper, 1985) but the loss of
appetite in lovers is more likely to result from the interplay of the various substances involved in the
above mentioned second stage of romantic love. Crenshaw also gave us a list of more or less
accessible tools to “influence PEA” that includes, in addition to chocolate, diet soft drinks (which

contains aspartame?), marijuana, (p. 56) and reading romance novels (p. 60). Another unsupported
claim linked “abnormally high” PEA levels with ovulation in women.

What PEA Really Does

This is not to say that PEA cannot have a role in the physical and emotional “highs” experienced
by lovers. In the brain, PEA is found primarily in the hypothalamus and striatum at low nanomolar
concentrations thanks to the high affinity of monoamine oxidase type B (MAOB) that rapidly
degrades it combined with the fact that, unlike catecholamines, PEA is not stored in vescicles (Durden
and Philips, 1980). It is located in nerve terminals but does not appear to have a role as a primary
neurotransmitter (Miller, 2011).

PEA acts in the brain as a neuromodulator at catecholaminergic synapses enhancing dopamine
and norepinephrine release (Sabelli and Javaid, 1995). It increases dopamine release in the nucleus
accumbens (Murata et al., 2009) and dorsal striatum (Ryu et al, 2021) of rats suggesting both
rewarding and reinforcing effects that one can easily associate with the “addictive” features of
romantic love (Burkett and Young, 2012). Indeed, PEA is self-administered intravenously in the dog
as happens with other psychostimulants (e.g., amphetamine) (Risner and Jones, 1977) and it has been
shown by Gilbert and Cooper (1983) to induce place preference conditioning in adult rats. At high
doses PEA acts as a psychomotor stimulant increasing locomotion and stereotypic behaviours in
rodents and monkeys (Ryu et al., 2021). Binding of PEA to the monoamine transporter leads to
inhibition of the re-uptake of dopamine, serotonin, and norepinephrine (Irsfeld et al., 2013; Zsilla et
al., 2018). Like other trace amines, PEA is reported to increase vascular resistance as a consequence
of enhancing norepinephrine activity, in particular by blocking autoinhibitory a2-adrenoceptors
(Narang et al., 2014) and via activation of specific receptors belonging to the family of trace amine-
associated receptors (Broadley, 2010). The resulting cerebral blood flow reduction is suggested to
cause migraine in some individuals (McCulloch and Harper, 1977). There are even reports of
hemorrhagic stroke associated with PEA supplements use (Nacca et al., 2020).

Crenshaw (1997) claimed that PEA has been found in abundance in the bloodstream of lovers
but, as with some of the other affirmations regarding PEA in her book, no evidence exists supporting
the claim to my knowledge. The relatively simple test has never been done, that is comparing PEA
levels between lovers and non-lovers or otherwise PEA levels in lovers at baseline and after some
love induction. However, measuring PEA/PAA in biological fluids is exactly what a series of studies
have done to relate higher PEA metabolism with a range of psychiatric symptoms, founding positive
correlations with hypomania and paranoia (Sabelli and Javaid, 1995) that suggests a parallel with the
initial euphoria of lovers. These symptoms have been proposed to result from up-regulation of the
enzyme that convert phenylalanine to PEA (Buckland et al., 1997). Conversely, PEA levels seems to
be reduced in depressed patients. Szabo et al. (2001) conducted a preliminary study comparing
urinary concentration of the PEA metabolite phenylacetic acid (PAA) before and after exercise,
founding a noteworthy increase of PAA. The authors concluded that the antidepressant effects of
exercise could be linked to increased PEA synthesis. Administration of PEA or L-phenylalanine
improved mood in depressed patients treated with a selective monoamine oxidase inhibitor (MAOI).
Indeed, well known antidepressant drugs, from MAOQISs to tetrahydrocannabinol, increase brain PEA
synthesis and stimulating effect (Sabelli and Javaid, 1995). Interestingly, PEA happens to be one of
the main MAOI phenelzine metabolites (Baker et al., 2000).

2 PEAis one of the metabolites of artificial sweetener aspartame (Matalon et al., 1987). Actually,
Crenshaw did not recommend getting “high” on diet drinks.
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These evidences has led some authors to postulate the “PEA hypothesis of depression”, that is
the idea that PEA, perhaps together with other trace amines, is normally responsible for sustaining
mood and physical energy (Branchek and Blackburn, 2003). Assuming this action is true, it should be
carefully regulated; in fact, the enzyme MAOB appears to be specifically designed to break down
PEA as long as inactivation of MAOB gene in mice increases levels of PEA but not those of other
monoamines (Grimsby et al., 1997). After all, lovesickness and breakdown of romantic relationships
are frequently the cause of temporary depressive states and anxiety. Indeed, Kosa et al. (2000) found
that PEA stimulates the corticotroph axis following daily intraperitoneal administration in male rats.
And urinary excretion of PEA was found to be elevated in humans following a parachute jump that
was used as a model of stress generator (Paulos and Tessel, 1982). Attention deficit hyperactivity
disorder (ADHD) is instead a condition associated with dopamine and PEA hypometabolism
(Branchek and Blackburn, 2003); therefore it could be hypothesized that falling in love attenuates
symptoms in people who suffer from ADHD. When the attraction phase is over, they would get more
dissatisfied than healthy people; that could explain why adolescents with ADHD reported having
more romantic partners than their peers (Rokeach and Wiener, 2018).

Conclusions

Our conclusion is that the evidence supporting the idea of PEA as a “love molecule” are week if
not non-existent. The concept appears to be an extrapolation from researches that linked PEA with
improving mood, which is in fact one of the consequences of falling in love, combined with the fact
that it is found in chocolate, a food popularly associated with lovers and considered an aphrodisiac.
It should also be remembered the structural affinity between PEA and amphetamine and the fact that
many substituted phenylethylamines act as psychoactive drugs, ranging from stimulants to
entactogens (Dean et al., 2013). Thus, it would seem perfectly plausible to ascribe to this endogenous
molecule such a vital role in the human affairs. However, instead of keep repeating the old saying
we should begin to collect some evidence for the statement.
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