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In his review of our paper (Hurlemann et al., 2010a) Matthias Gamer raises
several important issues, particularly regarding our proposal that oxytocin might
facilitate socially reinforced learning via the amygdala. He suggests that instead, or
additionally, effects are mediated via oxytocin modulation of rewarding properties of
social stimuli through increased dopamine release acting upon D2 receptors in the
ventral striatum.
The main point Gamer raises regarding our contention that the amygdala is
critical to the social facilitation of learning concerns whether the two Urbach‐Wiethe
(UW) patients, with complete bilateral amygdala calcification damage, were simply
impaired on their ability to discriminate between smiling and angry facial expressions,
and therefore did not benefit optimally from the social feedback condition. In support of
this possibility, he cites the fact that the patients show impaired face‐emotion
discrimination in our neuropsychological tests, and that their response times are
consistently longer than controls after the first cycle of trials. As we state in our paper,
however, neither of the UW patients reported any subjective problems in distinguishing
smiling from angry faces during the task. Also, in the supplementary information, we
report performance of the UW patients on the Florida Affect Battery (FAB) showing that
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although they have trouble deciding whether pairs of facial expressions are the same or
different, they perform normally when required to identify facial expressions per se, to
identify named expressions, or to match faces showing similar expressions. Thus our
neuropsychological test data supports the patients’ subjective claim that they had no
problems identifying whether faces were smiling or angry. We therefore believe that in
the absence of a functional amygdala, only a weak association between specific stimuli
and their reinforcement outcome is formed, and that therefore more extensive
processing by other, less effective, brain regions is required for implementing a
decision.
We have further investigated the amygdala dependence of this socially
reinforced learning effect in normal healthy human subjects given a single dose of the β‐
noradrenergic antagonist propranolol. Propranolol treatment reduced amygdala
activation in response to both neutral and emotional faces (Hurlemann et al., 2010b)
and prevented facilitation of learning with social feedback without affecting learning
performance with non‐social feedback (Mihov et al., 2010). Subjects also did not report
problems in recognising smiling and angry faces. We did not find increased response
times during the social feedback condition in the propranolol treatment group. This
might simply reflect the fact that the UW patients were more impaired by extensive
amygdala damage and/or that they had adapted over many years to recruit other
slower and less effective compensatory brain mechanisms for learning in the context of
social reinforcement. Subjects given short‐term propranolol treatment would have been
unlikely to adapt in the same way.
In animal models, olfactory social recognition memory enhancing effects of
oxytocin require amygdalar stimulation of noradrenaline release acting on either α‐ or
β‐noradrenergic receptors (Sanchez‐Andrade and Kendrick, 2009). Our finding that
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propranolol prevents oxytocin‐sensitive social facilitation of learning therefore
supports the hypothesis that the peptide acts via the noradrenergic system within the
amygdala, or elsewhere. However, this requires further experiments to show that
noradrenergic receptor antagonists can prevent the facilitatory actions of oxytocin. As
Gamer rightly points out, several functional imaging studies have reported reduced
amygdala activation in response to emotional faces following oxytocin treatment
(Domes et al., 2007; Kirsch et al., 2005), whereas our results would predict an increased
activation in response to the positive effects of social feedback faces. Our propranolol
studies show that reduced activation of the amygdala in response to faces is associated
with an impaired social feedback facilitation. In line with our prediction, a recent study
confirms that positive affect stimuli enhance amygdala activity while negative affect
ones inhibit it (Gamer et al., 2010). Although we used angry as well as smiling faces in
our study, subjects were exposed to significantly more smiling ones as they successfully
learned. Therefore, a our working hypothesis remains that oxytocin reduces amygdala
activity in response to aversive or threatening social stimuli and promotes forgetting of
them, whereas with positive social stimuli, it does the opposite.
We believe that these findings taken together make a strong case for the
amygdala playing a key role in social facilitation of learning. Of course this does not
necessarily imply that oxytocin produces its observed effects via the amygdala. Oxytocin
could indeed be enhancing the rewarding effects of positive smiling faces downstream
of the amygdala by acting on its receptors in the ventral striatum to enhance dopamine
release and D2 receptor activation. In animals, oxytocin modulates dopamine release (da
Costa et al., 1996) and the peptide’s facilitation of social bonding in monogamous voles
is D2 receptor dependent (Liu and Wang, 2003). In humans, attractive faces with direct
gaze increase ventral striatal activity (Kampe et al., 2001) and recent studies have
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shown that oxytocin enhances recognition of smiling, but not angry faces (Marsh et al.,
2010) and memory for positive social experiences (Guastella et al., 2008). Again,
however, a direct test of this hypothesis depends upon carrying out experiments where
oxytocin treatment is given in conjunction with D2 receptor antagonists.
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