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8.1 Future Studies 

The studies described in this Doctoral Thesis have generated several ideas for future 

research. Some were mentioned in Chapters 4-6. Here, I will elaborate on additional ideas 

for future studies. As I illustrated in the Introduction using Figure 2 (Chapter 1, page 15), 

a social interaction has a cyclical pattern, involving mutual responding between two or 

more individuals. Serotonin-induced behavioral changes in one person may thus affect 

people that are frequent interaction partners. Evidence for this comes from a previous 

placebo-controlled study that assessed the effects of 2 weeks of SSRI treatment on social 

interactions between healthy volunteers and their flat mates (Tse & Bond, 2002b). During 

SSRI treatment volunteers showed increased cooperative behavior in laboratory interac-

tions. Moreover, at the end of the treatment period the non-treated flat mates rated the 

SSRI-treated volunteers to have become less submissive than when their flat mates re-

ceived placebo. While the behavior of the flat mates towards the treated volunteers was 

not assessed (Tse & Bond, 2002b), it is conceivable that they responded to the changed 

behaviors of the treated volunteers with more submissiveness. This would be predicted 

given that status behavior tends to be reciprocated (Orford, 1986; Kiesler, 1983; Mos-

kowitz et al., 2007; Sadler et al., 2009). It must be noted, however, that flat-mates rated 

the behavior of the treated volunteer over 2 weeks retrospectively (Tse & Bond, 2002b). 

These ratings may thus have been affected by memory biases. Memory bias can be 

avoided by using EMA (see also Chapter 3, Hogenelst et al., 2015). An EMA study in 

which both partners in a couple rated their own and the other’s feelings in daily life 

(Gadassi et al., 2011) is a good example of how the behavior of dyads could be assessed 

in everyday life. A future study of the effects of tryptophan on social interactions may 

therefore include EMA in both treated volunteers and their close others (e.g., spouse). 

Study 2 (Chapter 6) was conducted to indirectly inform about the effects of SSRI 

treatment in MDD patients, who often experience difficulties in social functioning 

(Segrin, 2011; Hames et al., 2013). Difficulties in aspects of social functioning are not 

limited to MDD patients. For example, compared to non-clinical control participants, 

individuals with borderline personality disorder (BPD) show higher variability in inter-

personal behaviors during everyday social interactions (Russell, Moskowitz, Zuroff, 

Sookman, & Paris, 2007). This variability in behavior has been termed interpersonal spin 

(Moskowitz & Zuroff, 2004). Individuals with higher spin elicit more negative affect in 

others and are more frequently avoided (Cote et al., 2012). In Study 2 (Chapter 6), we did 

not study the effect of tryptophan on spin. In a previous EMA study however, tryptophan 

reduced elevated levels of spin in irritable individuals (Moskowitz et al., 2011). Increases 

in brain serotonin may therefore also reduce levels of spin in individuals with BPD, 
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which may elicit less negative affect and rejection from others and contribute to more 

stable interpersonal relationships in individuals with BPD. The effect of tryptophan on 

spin in individuals with BPD may be explored in future studies.  

In addition to serotonin, the role of other neurochemicals in regulating social in-

teraction may be studied. Levels of noradrenaline and dopamine can be reduced by de-

pleting levels of their amino acid precursors phenylalanine and tyrosine or by administer-

ing alpha-methyl-p-tyrosine (AMPT), an inhibitor of the enzyme that helps convert tyro-

sine into dopamine and noradrenaline (Booij, Van der Does, & Riedel, 2003). Converse-

ly, levels of noradrenaline and dopamine can be increased by administering tyrosine 

(Fernstrorn & Fernstrom, 2007). Further, administering selective noradrenaline reuptake 

inhibitors (SNRIs) (Harmer et al., 2004; Tse& Bond, 2002a) and the dopamine precursor 

L-DOPA can be used to increase levels of noradrenaline and dopamine, respectively. In 

depressed individuals, treatment with the SNRI reboxetine has been shown to improve 

social functioning as measured with the social adaptation and self-evaluation scale 

(SASS) (Dubini, Bosc, & Polin, 1997; Massana, Moller, Burrows, & Montenegro, 1999). 

Moreover, a few laboratory studies have assessed the role of noradrenaline in the regula-

tion of social behavior in never-depressed individuals. In one study, an acute dose of 

reboxetine increased cooperative communication and cooperative behavior during a 

mixed-motive game (Tse & Bond, 2002a). In another study, while no effects were ob-

served for social functioning as measured with the SASS, repeated administration of 

reboxetine decreased subjective ratings of hostility and impaired the recognition of nega-

tive facial emotion expressions (Harmer et al., 2004). Together, these studies indicate that 

increasing noradrenaline may also positively influence social behavior (but see Blier & El 

Mansari, 2013, who argue that SNRIs also increase levels of serotonin).  

Dopamine has also been suggested to modulate social behavior (Depue & Mor-

rone-Strupinsky, 2005), though human data appear inconsistent. In one recent study lev-

els of dopamine were increased using Tolcapone, which inhibits catechol-O-

methyltransferase, the enzyme that degrades dopamine (Saez, Zhu, Set, Kayser, & Hsu, 

2015). Tolcapone increased prosocial behavior in healthy volunteers, as assessed using a 

laboratory-based dictator game. In contrast, another recent study showed L-DOPA, in-

creased selfish behavior in healthy men, measured using a laboratory-based bargaining 

game (Pedroni, Eisenegger, Hartmann, Fischbacher, & Knoch, 2014). The inconsistent 

results may be explained by differences in the pharmacological profiles of the interven-

tions, with Talcapone increasing tonic but decreasing phasic dopamine release and L-

DOPA enhancing both tonic and phasic dopamine release (cf. Saez et al., 2015). Moreo-

ver, the extent to which the dictator game and the bargaining game inform about social 

behavior may be questioned (Bardsley, 2008; Hogenelst et al., 2015b) (Chapter 3). 
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Further, in Study 1 (Chapter 4) blood levels of oxytocin were not significantly 

associated with empathic accuracy. This may seem at odds with other data indicating that 

oxytocin is involved in the regulation of social cognition and prosocial behaviors (Hein-

richs, von Dawans, & Domes, 2009). Yet, as I discussed in Chapter 4, oxytocin may only 

influence social behavior when its levels are increased experimentally. Intranasal admin-

istration of oxytocin has been shown to improve social cognition (including EA) in indi-

viduals with autism spectrum traits (Bartz & Hollander, 2008; Domes, Heinrichs, Michel, 

Berger, & Herpertz, 2007; Guastella et al., 2010) and to facilitate trust and reduce social 

anxiety in individuals with social phobia and borderline personality disorder (Bartz & 

Hollander, 2006; Guastella, Howard, Dadds, Mitchell, & Carson, 2009; Heinrichs & 

Domes, 2008; Kosfeld, Heinrichs, Zak, Fischbacher, & Fehr, 2005). Intranasal oxytocin 

administration may increase positive communication during couple conflict (Ditzen et al., 

2009) and fathers’ responsiveness during play with their children (Naber, van Ijzendoorn, 

Deschamps, van Engeland, & Bakermans-Kranenburg, 2010). These findings have creat-

ed considerable excitement about the prosocial effects of intranasally administered oxy-

tocin.  

However, it has also been argued that empirical support for a situation-invariant 

effect of oxytocin on social cognition and prosocial behavior has been mixed (Bartz, 

Zaki, Bolger, & Ochsner, 2011). For example, in two studies, intranasal administration of 

oxytocin promoted cooperative behavior towards familiar others or in-group members, 

but decreased it towards unfamiliar others or out-group members (De Dreu et al., 2010; 

Declerck, Boone, & Kiyonari, 2010). The magnitude of the effect of intranasal oxytocin 

administration on social behavior may also depend on person characteristics as it im-

proved empathic accuracy in individuals with autism spectrum traits but not in individu-

als without such traits (Bartz et al., 2010). Bartz et al. (2011) have proposed an interac-

tionist approach in which the social effects of oxytocin are constrained by features of 

individuals and context or situations. One way to improve our understanding of the role 

of oxytocin in social functioning is to study social behavior as it occurs in real-life and 

across a variety of situations (cf. Hogenelst et al., 2015a). While some studies have 

adopted laboratory measures with improved ecological validity (e.g., Bartz et al., 2010) 

(and see Chapter 4), the role of oxytocin in real-life has not been studied. This may be 

related to the fact that experimental studies that assessed the role of oxytocin in social 

behavior have thus far used acute (i.e. single) oxytocin administration (Bartz et al., 2010; 

De Dreu et al., 2010; Declerck et al., 2010; Ditzen et al., 2009; Naber et al., 2010). Yet, 

most studies that assess social behavior in real-life typically involve multiple days (Mos-

kowitz & Sadikaj, 2012; Shiffman et al., 2008; Trull & Ebner-Priemer, 2013) and would 

require repeated oxytocin administration. Notably, repeated oxytocin administration is 
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possible in humans, including in clinical populations (Gibson et al., 2014). Its effects on 

everyday social behavior may be assessed with the EMA method used in Study 2 

(Hogenelst et al., 2015a). 

 

In summary, future studies could assess how serotonin-induced behavioral changes in one 

person may affect others with whom they interact regularly, and investigate the effects of 

serotonin manipulation on the social behaviors of MDD patients and other clinical popu-

lations. In addition to serotonin, the role of other neurochemicals such as oxytocin, nora-

drenaline, and dopamine in regulating human social interaction may also be stud-

ied(Dubini et al., 1997; Insel, O'Brien, & Leckman, 1999; Tse & Bond, 2002b; Harmer et 

al., 2004; Meyer-Lindenberg et al., 2011; Saez et al., 2015).While, past studies have used 

laboratory measures similar to the measures evaluated by Hogenelst et al. (2015b) (see 

Chapter 3), which tended to be low in ecological validity, future studies of the effects of 

dopamine, noradrenaline, and oxytocin manipulations on social behavior may use 

measures such as those used in Studies 1 and 2.  

  

8.2 Conclusions 

In this Doctoral Thesis, I examined the role of the neurotransmitter serotonin on the regu-

lation of social behavior. Previous research, which relied on laboratory assessments with 

limited ecological validity, suggested that decreasing levels of serotonin may negatively 

influence social functioning (Harmer et al., 2003; Wood et al., 2006; Crockett et al., 

2008; aan het Rot et al., 2010). In contrast, the results of Study 1 suggest that when as-

sessing social behavior using laboratory methods with better ecological validity, acute 

reductions in serotonin may not alter social functioning, at least not in never-depressed 

individuals, including individuals at familial risk for depression. Previous research also 

suggested that an increase in serotonin may positively influence social functioning (Knut-

son et al., 1998; Moskowitz et al., 2001; Tse & Bond, 2002b; aan het Rot et al., 2006). 

However, in Study 2 increases in everyday quarrelsomeness and decreases in everyday 

agreeableness were observed when levels of serotonin were increased in individuals at 

familial risk for depression. 

Humans have a strong drive to establish and maintain good and stable interper-

sonal relationships. Impairments in social functioning are a hallmark of many psychiatric 

disorders, including mood disorders such as MDD. Notably, these impairments in social 

functioning may not just be consequences of a disorder. Poor social functioning may also 

contribute to the onset, duration, and recurrence of a disorder. Individual differences in 

the neurobiological architecture that is involved in the regulation of social interactions 
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may help explain why some individuals show better social functioning than others. Yet, 

when studying the neurobiology of social functioning, the fields of biological psychiatry 

and social neuroscience have so far mainly focused on intrapersonal processes such as the 

processing of emotional information and facial expressions. In addition, methods to as-

sess interpersonal processes have been developed in clinical psychology, however this 

field easily ignores neurobiology altogether. Overall, the emphasis on intrapersonal pro-

cesses in biological psychiatry and social neuroscience and the lack of interest in neuro-

biology in clinical psychology may explain why insight into how neurobiological factors 

may influence everyday social functioning has thus far been limited. 

The results of Study 1 presented in this Thesis indicate that an acute lowering of 

serotonin has few, if any, effects on social behavior in never-depressed individuals. This 

undermines the idea that impaired social functioning in MDD patients may be caused by 

low levels of serotonin. The results of Study 2 presented in this Thesis indicate that in-

creases in serotonin can increase quarrelsomeness and decrease agreeableness in individ-

uals at familial risk for MDD. This may also occur in some MDD patients when they start 

treatment with an SSRI.  

More generally, as neurotransmitters are targeted with pharmacotherapy, under-

standing how alterations in various neurotransmitters may affect social behavior in pa-

tients with psychiatric disorders will have implications for researchers, clinicians, pa-

tients, and their close others. The research presented in this Thesis shows that (a) the 

identification of the various neurobiological factors that influence the regulation of social 

interactions deserves more attention in psychology and (b) biological psychiatry and 

social neuroscience can learn from psychology, especially in terms of methods. 


