
MODULATING RELATIONSHIPS 
WITH SMALL MOLECULES:

WHAT IF THE FUTURE IS ALREADY HERE?



Why study alcohol and drug addiction?

Tremendous health and societal problem:
8 mln annual deaths globally are associated with tobacco use,
4 mln annual deaths globally are associated with alcohol use.
About 1 mln annual deaths globally – due to other drugs

Allows us to think about fundamental questions:
what it means to want, to crave, to love, to be dependent on 
something or someone?



,

Theorizing about causes of addiction

Addictive drugs “hijack” natural reward systems
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Love/social attachment as addiction
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Abstract
Rationale Love has long been referred to as an addiction in
literature and poetry. Scientists have often made compari-
sons between social attachment processes and drug addic-
tion, and it has been suggested that the two may share a
common neurobiological mechanism. Brain systems that
evolved to govern attachments between parents and children
and between monogamous partners may be the targets of
drugs of abuse and serve as the basis for addiction
processes.
Objectives Here, we review research on drug addiction in
parallel with research on social attachments, including par-
ent–offspring attachments and social bonds between mating
partners. This review focuses on the brain regions and
neurochemicals with the greatest overlap between addiction
and attachment and, in particular, the mesolimbic dopamine
(DA) pathway.
Results Significant overlap exists between these two behav-
ioral processes. In addition to conceptual overlap in symp-
tomatology, there is a strong commonality between the two
domains regarding the roles and sites of action of DA,
opioids, and corticotropin-releasing factor. The neuropepti-
des oxytocin and vasopressin are hypothesized to integrate
social information into attachment processes that is not
present in drug addiction.
Conclusions Social attachment may be understood as a
behavioral addiction, whereby the subject becomes addicted

to another individual and the cues that predict social reward.
Understandings from both fields may enlighten future re-
search on addiction and attachment processes.

Keywords Social attachment .Love .Addiction . Substance
dependence . Dopamine . Opioids . CRF . Oxytocin .

Vasopressin . Pair bond

Introduction

At first, each encounter was accompanied by a rush of
euphoria—new experiences, new pleasures, each more ex-
citing than the last. Every detail became associated with
those intense feelings: places, times, objects, faces. Other
interests suddenly became less important as more time was
spent pursuing the next joyful encounter. Gradually, the
euphoria during these encounters waned, replaced imper-
ceptibly by feelings of contentment, calm, and happiness.
The moments between encounters seemed to grow longer,
even as they stayed the same, and separation came to be
filled with painful longing and desire. When everything was
brought to an abrupt end, desperation and grief followed,
leading slowly into depression.

Is this story describing falling in love or becoming
addicted to a drug? Love is often described as an addiction,
a subtle and poetic metaphor that contains seeds of truth.
When we are in love, we are inundated with sensations of
our beloved: the face, the eyes, the sound of the voice, the
smell of the cologne or perfume, and the feel of the skin.
These sensations are coupled with powerful experiences of
social and sexual reward, and this conditioning leads them
to adopt a strong positive valence. The pleasurable memo-
ries we form drive us to seek out more experiences with the
beloved, and eventually, to be willing to perform incredible
acts of romance and self-sacrifice.
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Things are much more complicated

behaviors should not be surprising, as even among different
drugs of abuse there is a lack of similar short- and long-term
effects on the brain and behavior (Fleckenstein et al. 2000;
McGeehan and Olive 2003; Ramsey et al. 2008). Moreover,
pharmacological interventions are not only differentially
effective against different types of addictions, but even differ-
entially effective for various individuals with addictions to the
same drug (Heilig and Egli 2006). We caution that using
treatments used to reduce drug craving to treat grief from loss
of a loved one is a risky proposition. For example, while
naltrexone is moderately effective against alcohol and opiate
addictions, we would not suggest blocking endogenous
opioids in subjects experiencing a bad breakup. Therefore,
we propose that focusing on detailed differences, rather than
on similarities between drug addiction and healthy social
attachments could be a more productive avenue.

An important direction for cross-disciplinary research is
to explore how different aspects of social stress and attach-
ment influence addictive behavior. Research in humans has
found that social affiliations and attachments may both
promote and protect against many stages of addiction, in-
cluding onset, abstinence, and relapse (Buckner et al. 2008;
Charney et al. 2010; Garmendia et al. 2008; Hajema and
Knibbe 1998; Homish and Leonard 2008; Hunter-Reel et al.
2009; Kelly et al. 2008; McCrady et al. 2006; McKay et al.
2005). However, human population studies often cannot
determine the directional or causal role of these interactions,
or the behavioral, cultural, or emotional mechanisms that may
explain social influences on drug use and abuse (Hunter-Reel
et al. 2009). Animal models are therefore invaluable for ex-
amining the bidirectional biological influence of attachment

on drug use and abuse (Anacker et al. 2011a, b; Hostetler and
Ryabinin 2012; Liu et al. 2011). In this way, social neurosci-
ence has the potential to provide invaluable and innovative
tools for addiction biology. Research on the interaction
between the social environment and drug abuse may be par-
ticularly informative for prevention and treatments. Rather
than the cause of addiction, perhaps love is the drug for
treating addiction.
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Fig. 1 Neural substrates of social attachment and addiction. Substrates
of social attachment behaviors are depicted as partially overlapping
squares. Substrates underlying addiction to different drugs (or other
addictive behaviors) are depicted as ovals. They are also known to
involve partially overlapping mechanisms. While the review by

Burkett and Young focuses on overlaps between these substrates, our
commentary stresses that there are many differences. Focusing on the
differences could be a more productive approach to treat individuals
affected by addiction or mental disorders triggered by social stresses

28 Psychopharmacology (2012) 224:27–29
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In their review in the current special issue, Burkett and Young
(2012) describe the striking similarities that are observed
between attachment and addiction. The idea of love as an
addictive drug has been described in art and literature across
the ages, as well as bymodern scientists (Insel 2003;MacLean
1990). Recent advances have demonstrated that both attach-
ment figures and drugs of abuse are highly rewarding stimuli
that lead to long-term changes in physiology and behavior,
often utilizing the same neural substrates. The review is thor-
ough and intriguing; however, focusing too narrowly on the
similarities between attachment and addiction may hinder our
broader understanding of their individual biology as well as
their interactions. Indeed, there are significant ways in which
addiction and attachment differ, and these merit consideration.
Although a full review and discussion of these differences is
beyond the scope of this commentary, we provide examples in
each neurobiology and behavior.

There is compelling evidence that drugs of abuse and social
partners activate and alter common neurotransmitter systems
(as reviewed in Burkett and Young 2012). For example,
repeated amphetamine and pair bonding each increase dopa-
mine D1 receptors (D1R) in the nucleus accumbens (Aragona
et al. 2006; Liu et al. 2010). However, only amphetamine
leads to accumulation of ΔFosB (Hostetler and Bales 2012),
a transcription factor found in D1R-containing neurons of the
nucleus accumbens that has been strongly implicated in neural
plasticity following repeated natural and drug reward (Nestler
2008). This suggests that the changes in D1R following pair
bonding are induced via mechanisms that are independent of
addiction-related processes.

Addiction is partially characterized by a reduction in the
rewarding properties of stimuli that are not the drug of abuse
(Ahmed and Koob 2005). Similarly, reduced responsiveness
to rewarding non-social stimuli has been observed in pair-
bonded voles and maternal dams (Ferris et al. 2005; Liu et
al. 2011; Mattson et al. 2001). In contrast, male titi monkeys
that are housed with a pairmate show increased preference
and consumption of a rewarding beverage (Ragen et al.
2012). These findings indicate that shifts in reward response
following attachment are not universal, and there is a need
for more research across an array of species and behaviors.

These examples are quite specific, but fundamental and
significant differences are observed on a much broader scale.
Addiction is atypical behavior that leads to a severe reduction
in the physiological and psychological health and well-being
of the individual (NIDA 2012) and exerts a significant cost to
society (Mark et al. 2001; Office of National Drug Control
Policy 2004; Rehm et al. 2009). While the type of attachment
described by Burkett and Young may meet some criteria for
addiction (Schaeffer 2009), the vast majority of attachments,
including pair bonds, parent–offspring relationships, and
friendships, are evolutionarily adaptive behaviors that have
been selected upon to promote reproductive fitness, general
health, and species-typical behaviors (Carter 1998; Ducharme
and Kollar 2012; Gubernick and Teferi 2000; Mcguire et al.
1992; Numan and Insel 2003; Uchino et al. 1996). Given
these benefits, it is challenging to see how attachment meets
criteria of a DSM-IV disorder.

The similarities and dissimilarities between attachment
and addiction may be reconciled using a model that utilizes
overlapping, but distinct, neurobiology and behavior
(Fig. 1). We agree that neurocircuits involved in actions of
drugs of abuse and addiction partially overlap with neural
systems involved in social behaviors. This explains the
convergence in many, but not all, characteristics of love
and addiction. However, striking differences between these
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Am I a “splitter”?



Is it possible to pharmacologically 
manipulate social attachments?

“Doctor, help! I need something now!”
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Potential problems with using 
oxytocin in clinical settings

- Short half life

- Poor brain penetrance

- Nonspecific effects, including actions on 
AVPR1a receptors
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ABSTRACT: Oxytocin (OT) and its receptor (OT-R) are implicated in the etiology of autism spectrum disorders (ASD), and
OT-R is a potential target for therapeutic intervention. Very few nonpeptide oxytocin agonists have currently been reported.
Their molecular and in vivo pharmacology remain to be clarified, and none of them has been shown to be efficient in improving
social interaction in animal models relevant to ASD. In an attempt to rationalize the design of centrally active nonpeptide full
agonists, we studied in a systematic way the structural determinants of the affinity and efficacy of representative ligands of the
V1a and V2 vasopressin receptor subtypes (V1a-R and V2-R) and of the oxytocin receptor. Our results confirm the subtlety of the
structure−affinity and structure−efficacy relationships around vasopressin/oxytocin receptor ligands and lead however to the
first nonpeptide OT receptor agonist active in a mouse model of ASD after peripheral ip administration.

■ INTRODUCTION
Autism spectrum disorders (ASD) are neurodevelopment
diseases characterized by impaired social interaction and
communication together with repetitive behaviors and restricted
social interest (American Psychiatric Association, 2013). These
core symptoms must be present in the early developmental
period (by 3 years of age) for the diagnosis of ASD to be made.
The prevalence of ASD is currently estimated at 1 case for 88
births, however, with a very large diversity of the associated
mental disorders.1,2 The etiology of ASD is complex. Hundreds
of genetic mutations have been associated with the disease,
explaining a number of ASD cases.3 The identification of
vulnerability genes, most of them coding for proteins involved in
synaptic function, as well as environmental risk factors during

pregnancy and development, has provided important insights
into the understanding of the anatomical and molecular
underpinnings of ASD, notably by giving access to valuable
animal models.4−7 However, most of the etiopathological
mechanisms leading to ASD remain to be identified. The social
impact of ASD is huge. U.S. annual direct medical, direct
nonmedical, and productivity costs combined will be $268
billion for 2015 and $461 billion for 2025.8

Up to now, no drug has been approved to treat core symptoms
of ASD. Antipsychotics (aripiprazol, risperidone) or anti-
depressants (fluoxetine, citalopram) are often administered to

Received: May 2, 2018
Published: September 10, 2018

Article

pubs.acs.org/jmcCite This: J. Med. Chem. 2018, 61, 8670−8692

© 2018 American Chemical Society 8670 DOI: 10.1021/acs.jmedchem.8b00697
J. Med. Chem. 2018, 61, 8670−8692

D
ow

nl
oa

de
d 

vi
a 

O
R

EG
O

N
 H

EA
LT

H
 &

 S
C

IE
N

C
E 

U
N

IV
 o

n 
A

pr
il 

9,
 2

02
0 

at
 2

3:
08

:5
7 

(U
TC

).
Se

e 
ht

tp
s:

//p
ub

s.a
cs

.o
rg

/s
ha

rin
gg

ui
de

lin
es

 fo
r o

pt
io

ns
 o

n 
ho

w
 to

 le
gi

tim
at

el
y 

sh
ar

e 
pu

bl
is

he
d 

ar
tic

le
s.

A new development:
LIT-001 

- first OXTR-specific small molecule agonist

Frantz et al, J Med Chemistry, 2018



Prairie voles – a remarkable rodent 
model for social neurobiology

Highly affiliative, facultatively monogamous. Like 
humans, can form long-term emotional bonds 
between adult individuals.

Like humans, show biparental and alloparental
behaviors.

Translational/predictive validity for mechanisms 
regulating social behaviors

They like drinking alcohol .



LIT-001 decreases 
alcohol consumption 

in socially housed 
male prairie voles

Potretzke et al, 
Neuropsychopharm, 2022



How will LIT-001 affect

pair bonding?



Unpublished data removed

(being submitted for publication)



Summary and Conclusions

Highly selective brain-penetrant oxytocin agonist affects pair-bonding in 
prairie voles.

The effects of this agonist depend on the phase of pair bonding.

These data are consistent with the idea that binding of oxytocin receptors 
signals presence of the social partner – promising for PGD or PLSD.

It is likely that in humans, the effects of manipulating the oxytocin system 
will have differential effects on social bonding depending on the social 
context of relationships.
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